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Functions of Von Willebrand factor 

Mannucci PM, NEJM 2004 

1. Adhesion of platelets 

2. Aggregation of platelets 

3. Carrier of factor VIII 



Von Willebrand factor –  

carrier protein of coagulation factor VIII 

 

 

 

 

 

 

 

 

 

 

 

 

 Mannucci, PM. NEJM 2004 



Von Willebrand Disease (VWD) 

 Most common inherited bleeding disorder 

 Mucocutaneous bleeding symptoms 

 Prevalence: 0.5-1% 

 Autosomal dominant / recessive 

 Caused by a deficiency / abnormality of von Willebrand Factor (VWF)  

 Type 1: quantitative disorder, reduced level of normal VWF 

 Type 2: qualitative disorder, abnormal VWF molecule 

 Type 3: quantitative disorder, no detectable VWF in circulation 



Von Willebrand disease (VWD) 

Prevalence 1:100  

 

 Type 1 VWD: partial quantitative deficiency of VWF 

 

 Type 2 VWD: dysfunction of VWF 

 2A: abnormal VWF multimer pattern 

 2B: ↑ platelet GP1b binding, abnormal multimers 

 2M: ↓ GP1b or collagen binding 

 2N:  ↓ FVIII binding  low FVIII concentration 

 

 Type 3 VWD: virtually complete absence of VWF 

 

 ISTH classification Sadler et al. JTH 2006 



 National study including children and adults from all HTCs 

 Moderate or severe Von Willebrand Disease  

  moderate: VWF 10-30 IU/dL or FVIII 20-40 IU/dL   

  severe: VWF < 10 IU/dL or FVIII < 20 IU/dL  

 All types of VWD 

 Questionnaire 

 Blood or saliva sample 

 

 Inclusion period 2007 - 2009  

 837 patients included  

 

National study of moderate and severe von 

Willebrand disease in the Netherlands 

WiN study 



von Willebrand disease: Symptoms 

 Mucosal bleedings 

 Nose bleeds  

 Gingiva bleeds 

 Menorrhagia 

 Easy bruising 

 Bleeding after surgical interventions 

 dental extractions 

 tonsillectomy 

 Bleeding after delivery (type 2/3) 

 Joint bleeding 



Bleeding Symptoms per Type VWD (VWF < 30%) 

De Wee EM et al, TH 2012 

 Win study: > 

800 patients 

with (moderate) 

severe VWD 

 Quantitative 

measurement of 

severity by 

Tosetto 

Bleeding Score 

 Data on 

bleeding, factor 

levels, and 

treatment  

 

 



What are the current diagnostic problems in VWD 

 What is a normal and what is an abnormal VWF level ? 

 

 Diagnosis of VWF is based on which treshold VWF level ? 

 

 What is the best VWF activity test to be used? 

 

 How do we distinguish between type 3 and severe type 1 ? 

 

 Do we need genotypic analysis in VWD?  

 

 



Screening test for VWD 

 Bleeding time 

 Lack of standardization, low reproducibility 

 Not sensitive enough for mild cases of VWD 

 Not predictive of bleeding tendency 

 

 PFA-100® 

 High sensitivity for severe VWD 

 Sensitivity as low as 50% in mild VWD 

 High variability up to 20% 



Diagnosis of VWD 

Based on clinical and laboratory phenotype 

Clinical phenotype: bleeding score (ISTH BAT) 

 

Laboratory phenotype: 

 

First line tests:  

VWF:Ag  VWF antigen 

VWF:RCo  Platelet-dependent VWF activity: VWF-to-platelet 

   binding capacity 

FVIII:C   Factor VIII coagulant activity  

 



Diagnosis of VWD 

Second line tests:  

VWF:CB VWF collagen binding capacity 

 Measures the ability of VWF to bind to collagen  

 A3 domain of VWF 

 High molecular weight multimers 

 Results depend on type of collagen used (I or III)  

VWFpp   VWF propeptide 

Multimer pattern 

RIPA 

VWF:FVIIIB 

 

Third line tests: 

Genetic analysis / mutation analysis 







“Low VWF” 

 Patients with bleeding symptoms 

 

 VWF levels 30-60 IU/dL  

 

 Low heritability  

 

 Treatment with desmopressin and / or fibrinolysis inhibitors 



De Jong & Eikenboom, JTH 2016 





Platelet-dependent VWF activity assays 

VWF:RCo 

Measures the capacity of VWF to interact with GP1b/IX complex in the 

presence of ristocetin 

Plasma VWF agglutinates formalin fixed reagent platelets  

 Several commercial kits 

However: 

- Poor sensitivity (loss of detection 10 IU/dL) 

- High coëfficiënt of variation 

- Older assays were cumbersome 

- Genetic variations affecting binding of 

    ristocetin may lead to falsely abnormal values 

    (p.D1472H) 

      
Sadler, E Blood 2010; Bodó et al, JTH 2015 



VWF:Ab  

Measures binding of VWF A1 domain to a monoclonal antibody 

Good correlation with VWF:RCo  

Not really an activity assay  

May not detect some type 2M mutations 
 

 

 

 

 

VWF:GP1bM  

Uses gain-of-function GPIb fragments 

No ristocetin required 

Sensitive and precise 

May be affected by human-to-animal-antibodies 

 

 

Other functional VWF assays 

Bodó et al JTH 2015; Bowyer et al Haemophilia 2016 



Laboratory measurements  

VWF:Ab (HemosILTM von Willebrand Factor Activity) 

Assay based on latex particles conjugated to MAb directed against VWF 

GPIb binding site 

Centrally measured at inclusion in the WiN study  

 

 

VWF:RCo (Siemens BC von Willebrand reagent) 

 

 

VWF:GP1bM (Innovance VWF Ac) 

 

 



Patient characteristics (WiN study; n=658) 

age, median (IQR)   44 29-57 

male sex, n (%) 251 38.1 

VWF:Ag [U/dL], median (IQR)   29 18-45 

VWF:CB [U/dL], median (IQR)   22 7-51 

FVIII:C [U/dL], median (IQR)   51 32-73 

Bleeding score, median (IQR)   11 6-16 



Results - measurements 

 

Boender, J.et al. In preparation 



Correlation between functional VWF assays  

The different assays are highly correlated with each other 

 

Lower detection limit is highest for VWF:RCo 

VWF:RCo   11.9% 

VWF:GP1bM  4 U/dL 

VWF:Ab   1 U/dL 



Effect on diagnosis of type VWD 

Ratio  

VWF activity / VWF:Ag <0.7 





VWF propeptide 



VWFpp measurement and VWF  



Discrimination between severe type 1 and type 3 



Additional VWF assays 

 RIPA assay 

 Low dose (<0.5 mg/ml)  ristocetin induced platelet aggregation 

assay (type 2B or platelet type VWD) 

 

 VWF: FVIII binding assay 

 To measure the ability of VWF to bind FVIII (type 2N) 

 

 VWF multimer analysis 



Multimer analysis 

Torres 2009 



Multimer analysis 

Budde U, Haemophilia 2008;14s:27-38 



Genetics of von Willebrand disease 

VWF gene:  chromosome 12p13.31, 178 kb, 52 exons 

  pseudogene on chromosome 22 

  highly polymorphous 

Over 500 mutations identified 

 

 

 

 

 

 

 

 

 Springer, Blood 2014 

 

 





Mutations found in type 1 patients 

Signal  

peptide 

D1 D2 D’ D3 A1 A2 A3 D4 B1-3 C1 C2 CK 

Exons 1-2 3-10 11-17 18-20 20-28 28 28 28-32 33-34 35-39 40-42 42-44 45-48 49-52 

Propeptide Mature VWF 

Propeptide mutations 
p.D75_G178del 

p.Y629C 

D’ mutations 

p.P812RfsX31 

p.H817Q 

p.R854Q 
 

p.R924Q 

p.S979N 

p.C1060Y 

p.C1149R 

p.1162L 

p.R1205H 

p.P1240L 

D3 mutations 

p.P1266Q 

p.P1266L 

p.V1279I 

p.V1360A 

p.R1374C 

p.D1472H 

p.V1499E 

 

p.Y1584C 

p.R1597W 

p.F1654I 

p.K1794E 

p.V1360A 

p.F1369I 

p.S1378F 

A1-A3 mutations 

D4 mutations 
p.S2179F 

p.C2184Y 

p.R2185Q 

p.C2248Y 

C mutations 
p.R2535X 

p.C2693Y 

Novel mutation  



Conclusions 

 VWD is a heterogeneous disorder with varying bleeding phenotype 

 

 Laboratory diagnosis is based on several tests 

 

 Use of algorithm is necessary for correct diagnosis 

 

 New test are in development, but need to be validated 

 

 Increasing role of genetic testing of VWF 


