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E l Cl ifi ti f VWDE l Cl ifi ti f VWDEarly Classification of VWDEarly Classification of VWD

TypeType 11 MildMildType Type 1 1 -- MildMild

TypeType 22 -- Moderate to severeModerate to severeType Type 2 2 Moderate to severeModerate to severe

Type Type 3 3 -- SevereSevere



M lti l i f VWFM lti l i f VWFMultimer analysis of VWFMultimer analysis of VWF
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VWF M lti tt iVWF M lti tt iVWF Multimer pattern in VWF Multimer pattern in 
different types of VWDdifferent types of VWDdifferent types of VWDdifferent types of VWD

Band visualization with autoradiographyBand visualization with autoradiography
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Recent classification of VWDRecent classification of VWDRecent classification of VWDRecent classification of VWD

• Type Type 11
•• Quantitative deficiencyQuantitative deficiency of VWF with clinically mild to of VWF with clinically mild to 

d t l bl did t l bl dimoderately severe bleeding.moderately severe bleeding.
•• Reduced (by how much?) VWF:Ag, activity and Factor VIII. Reduced (by how much?) VWF:Ag, activity and Factor VIII. 
•• Normal VWF:Ag multierNormal VWF:Ag multierNormal VWF:Ag multier.Normal VWF:Ag multier.
•• Autosomal dominant inheritance with variable penitrance Autosomal dominant inheritance with variable penitrance 
and expression. and expression. 

•• Type Type 33
S d fi iS d fi i b f l t l t d lb f l t l t d l•• Severe deficiency Severe deficiency or absence of platelet and plasma or absence of platelet and plasma 

VWF:Ag and VWF activity. Clinically severe.VWF:Ag and VWF activity. Clinically severe.
•• Usually autosomal recessive inheritance. Usually autosomal recessive inheritance. yy



R t l ifi ti f VWDR t l ifi ti f VWDRecent classification of VWDRecent classification of VWD

Type Type 2 2 patients have a patients have a qualitativequalitative defect of VWF: defect of VWF: 

11. Type . Type 22A:  Reduced  VWF A:  Reduced  VWF dependent platelet functiondependent platelet function
(VWF:RCo) due to the loss of the HMW VWF (VWF:RCo) due to the loss of the HMW VWF 
multimers.multimers.

22. Type . Type 22M: Reduced VWF:RCo, but with normal VWF M: Reduced VWF:RCo, but with normal VWF 
multimers.multimers.

33 TypeType 22B: Enhanced VWF binding activity to plateletB: Enhanced VWF binding activity to platelet33. Type . Type 22B:  Enhanced VWF binding activity to platelet, B:  Enhanced VWF binding activity to platelet, 
resulting  in loss of HMW multimers. resulting  in loss of HMW multimers. 

33. Type . Type 22N:  Reduced  binding capacity of VWF for Factor N:  Reduced  binding capacity of VWF for Factor ypyp g p yg p y
VIII. VIII. 

“Vicenza” VWD (type“Vicenza” VWD (type 11 22M?) and the unclassified VWD (M?) and the unclassified VWD (22M?)M?)Vicenza  VWD (type Vicenza  VWD (type 11, , 22M?) and the unclassified VWD  (M?) and the unclassified VWD  (22M?) M?) 





Role of Genotyping dilemma inRole of Genotyping dilemma inRole of Genotyping dilemma in Role of Genotyping dilemma in 
VWDVWD

Is genotype investigation in VWD only a Is genotype investigation in VWD only a 
li t t tli t t t t th h tt th h tcomplimentary testcomplimentary test to the phenotype to the phenotype 

tests tests 
oror

it is anit is an essential test for a definitiveessential test for a definitiveit is an it is an essential test for  a definitive essential test for  a definitive 
diagnosis and classificationdiagnosis and classification of VWD of VWD 
patients?patients?patients?patients?



M t ti i diff t t f VWDM t ti i diff t t f VWDMutations in different types of VWDMutations in different types of VWD

VWD database: www.vwf.group.shef.ac.ukVWD database: www.vwf.group.shef.ac.uk
TT 33 VWDVWD•• Type Type 3 3 VWDVWD
>>80 80 Large  & small deletions, Large  & small deletions, missensemissense
mutationsmutations

•• Homozygous pseudogene conversion or Homozygous pseudogene conversion or yg p gyg p g
compound heterozygous mutations for compound heterozygous mutations for 
11++11==33 22M+M+22M=M=33 22N+others=N+others=3311++11 33, , 22M+M+22MM 33, , 22N+othersN+others 33



M t ti i diff t t f tM t ti i diff t t f t 22 VWDVWDMutations in different types of type Mutations in different types of type 2 2 VWD VWD 

•• Type Type 22A (IIA)A (IIA) >>50 50 missensemissense mutations in mutations in AA2 2 domain (domain (33’ ’ ypyp ( )( ) ((
end of ex end of ex 2828). Mutations for the other subtypes ). Mutations for the other subtypes 
(phenotypes IIC, D, E) of (phenotypes IIC, D, E) of 22A VWD are in the other A VWD are in the other 
exons. exons. 

•• Type Type 22BB >>20 20 missensemissense mutations in mutations in AA1 1 domain (domain (55’’
end of ex end of ex 2828))..

•• Type Type 22MM >>21 21 mutations in mutations in AA1 1 domain (domain (55’ end of ex ’ end of ex 2828).).

•• Type Type 22NN >>20 20 mutations in mutations in D’ and DD’ and D3 3 domain (ex domain (ex 
1313--2424 mostly in exmostly in ex 1818--2020).).1313 24 24 mostly in ex mostly in ex 1818 2020).).

•• Other typesOther types 11. Vicenza mutation in . Vicenza mutation in ex ex 27 27 (& Ex(& Ex1717).).

22. Several mutations for unclassified VWD in the . Several mutations for unclassified VWD in the 55’ ’ 
end of ex end of ex 2828..



Differences in genetic investigation ofDifferences in genetic investigation ofDifferences in genetic investigation of Differences in genetic investigation of 
haemophilia and VWDhaemophilia and VWD

•• In haemophilia genetic investigation isIn haemophilia genetic investigation is•• In haemophilia genetic investigation is In haemophilia genetic investigation is 
primarily for primarily for carrier detectioncarrier detection, genetic , genetic 
counselling and patients’ treatmentcounselling and patients’ treatmentcounselling and patients  treatment.counselling and patients  treatment.

•• In VWD mutation detection is mainly for In VWD mutation detection is mainly for 
the patient’s diagnosis confirmation, the patient’s diagnosis confirmation, 
choice of the treatment and to help choice of the treatment and to help 
genetic counselling in some severe (type genetic counselling in some severe (type 
33) cases. ) cases. 



Role of mutation in treatment ofRole of mutation in treatment ofRole of mutation in treatment of Role of mutation in treatment of 
type type 2 2 VWD patientsVWD patients

•• Response to DDAVP in type Response to DDAVP in type 22M VWD M VWD p ypp yp
patients with different mutations.patients with different mutations.

•• Role of the two different groups (I & II) Role of the two different groups (I & II) 
mutations in treatment of typemutations in treatment of type 22A (IIA)A (IIA)mutations in treatment of type mutations in treatment of type 22A (IIA) A (IIA) 
patients.patients.



T l dT l dTo concludeTo conclude

Genotyping i.e. cGenotyping i.e. correct identification of the causative orrect identification of the causative 

mutation and its tracking in VWD families:mutation and its tracking in VWD families:

11 Can provide an accurate diagnosis and classificationCan provide an accurate diagnosis and classification11. Can provide an accurate diagnosis and classification.. Can provide an accurate diagnosis and classification.

22. Can help in better patient management.. Can help in better patient management.

33. Facilitate genetic counselling. . Facilitate genetic counselling. 

44. . However,However, there are some type there are some type 2 2 VWD patients in VWD patients in 

whom no mutation have been detected.whom no mutation have been detected.



Any classification of VWD shouldAny classification of VWD shouldAny classification of VWD should Any classification of VWD should 
answer the followings:answer the followings:

•• Can it distinguish between Can it distinguish between 2 2 sets of the sets of the 
ti t ith l l l f VWF A &ti t ith l l l f VWF A &patients with low levels of VWF:Ag & patients with low levels of VWF:Ag & 

VWF:RCo.VWF:RCo.
•• Can such a classification provide Can such a classification provide 

adequate information to clinicians andadequate information to clinicians andadequate information to clinicians and adequate information to clinicians and 
genetic counselors to manage these genetic counselors to manage these 

ti tti tpatients.  patients.  



The most recent classification of type The most recent classification of type 1 1 
VWD suggests that:VWD suggests that:VWD suggests that:VWD suggests that:

•• Only patients <Only patients <20 20 IU dLIU dL--11 VWF:Ag should VWF:Ag should y py p gg
be diagnosed type be diagnosed type 11..

•• Those betweenThose between 3535 5050 IU dLIU dL--11 VWF:AgVWF:Ag•• Those between Those between 3535--50 50 IU dLIU dL 11 VWF:Ag VWF:Ag 
should be considered to have a should be considered to have a risk factorrisk factor
f bl di th thf bl di th th di ddi dfor bleeding rather than a for bleeding rather than a disorderdisorder. . 



What do the presenting individual What do the presenting individual 
want to know?want to know?want to know?want to know?

d k f bl dd k f bl d•• Am I at increased risk of bleeding ?Am I at increased risk of bleeding ?
•• Are any of my relatives at increasedAre any of my relatives at increasedAre any of my relatives at increased Are any of my relatives at increased 

risk of bleeding?risk of bleeding?
Wh t t t t if i i d?Wh t t t t if i i d?•• What treatment , if any, is required? What treatment , if any, is required? 



Investigation for typeInvestigation for type 11 VWDVWDInvestigation for type Investigation for type 1 1 VWD VWD 
diagnosis and classificationdiagnosis and classification

•• Three major studies in the last Three major studies in the last 
seven years:seven years:seven years:seven years:
EU, Canadian and UK National studyEU, Canadian and UK National study



Molecular basis of typeMolecular basis of type 11 VWDVWDMolecular basis of type Molecular basis of type 1 1 VWDVWD
Recent international studiesRecent international studies

•• Canadian populationCanadian population--based study of molecular based study of molecular 
basis of typebasis of type 11 VWDVWDbasis of type basis of type 1 1 VWDVWD
James James et alet al, Blood , Blood 20072007, , 109109, , 145145--5454

•• EU study “Molecular and clinical markers forEU study “Molecular and clinical markers forEU study Molecular and clinical markers for EU study Molecular and clinical markers for 
diagnosis and management of type diagnosis and management of type 1 1 von von 
Willebrand disease”(MCMDMWillebrand disease”(MCMDM--11VWD)VWD)
Goodeve Goodeve et alet al, Blood , Blood 20072007, , 109109, , 112112--2121

•• UK study “Molecular pathogenesis of type UK study “Molecular pathogenesis of type 1 1 von von 
””Willebrand disease”Willebrand disease”

Cumming Cumming et alet al, Thromb Haemostas , Thromb Haemostas 20062006, , 9696, , 630630--4141





U f l f Bl di S (BS)U f l f Bl di S (BS)Usefulness of Bleeding Score (BS)Usefulness of Bleeding Score (BS)

•• BS was designed using a complex questioner.BS was designed using a complex questioner.
BS d VWF RCO t di tiBS d VWF RCO t di ti•• BS was as good as VWF:RCO. e.g. at predicting BS was as good as VWF:RCO. e.g. at predicting 
bleeding after dental extraction.bleeding after dental extraction.

•• BS was better at predicting post operative bleeding.BS was better at predicting post operative bleeding.
•• But its use is questionable in children and it is very But its use is questionable in children and it is very q yq y

long and comprehensive.long and comprehensive.



P ti t ith b l ltiP ti t ith b l ltiPatients with abnormal multimerPatients with abnormal multimer

•• Excluded in UK and Canadian studies.Excluded in UK and Canadian studies.
•• In most of the patients with severe BS  In most of the patients with severe BS  

typetype 22 VWD mutations were identified.VWD mutations were identified.type type 2 2 VWD mutations were identified.VWD mutations were identified.
•• A small group of patients with mutations A small group of patients with mutations 

t idt id 2828 h l th l t 11outside exon outside exon 28 28 can have real type can have real type 1 1 
VWD. VWD. 



I fl f ABO bl dI fl f ABO bl dInfluence of ABO blood groupInfluence of ABO blood group

•• VWF is VWF is 2525% lower in O individuals than in A group.% lower in O individuals than in A group.
•• Mechanism?Mechanism?•• Mechanism?Mechanism?
•• O group is over represented in cohorts of type O group is over represented in cohorts of type 1 1 VWD VWD 

compared to other blood groupscompared to other blood groupscompared to other blood groups.compared to other blood groups.
•• In index patients of In index patients of 3 3 studies, VWF:Ag of above studies, VWF:Ag of above 30 30 IU IU 

dLdL--11,  ,  6666% had O bg and those below had% had O bg and those below had 5050% and% anddLdL 6666% had O bg  and those below had % had O bg  and those below had 5050% and % and 
similar to local population (similar to local population (4646%).%).

•• Synergistic affect of O bg with YSynergistic affect of O bg with Y1584 1584 mutation in mutation in y g gy g g
clearance of VWF.  clearance of VWF.  



Summary of major genetic findings from the EUSummary of major genetic findings from the EUSummary of major genetic findings from the EU Summary of major genetic findings from the EU 
and Canadian type and Canadian type 1 1 VWD studiesVWD studies

In total of In total of 273 273 Type Type 1 1 VWD family/index cases:VWD family/index cases:ypyp y/y/

•• Linkage to the Linkage to the VWFVWF gene in  ̴ gene in  ̴ 7070% of families.% of families.

•• VWFVWF gene candidate mutations in  ̴ gene candidate mutations in  ̴ 6565% of index cases.% of index cases.

•• >>100100 different candidatedifferent candidate VWFVWF mutations documentedmutations documented•• >>100 100 different candidate different candidate VWFVWF mutations documented.mutations documented.

•• 8080% of candidate mutations are missense substitutions.% of candidate mutations are missense substitutions.

•• In In 1010--2020% of cases there is more than % of cases there is more than 1 1 candidate VWF candidate VWF 

iimutation.    mutation.    



M t ti i tM t ti i t 11 VWDVWDMutations in type Mutations in type 1 1 VWDVWD

•• Before these international studies Before these international studies -- 14 14 different different 
VWFVWF gene mutations were reported in associationgene mutations were reported in associationVWFVWF gene mutations were reported in association gene mutations were reported in association 
with type with type 1 1 VWDVWD
in the VWD Databasein the VWD Databasein the VWD Databasein the VWD Database

•• As of September As of September 20072007, , 117 117 different mutations or different mutations or 
candidate mutationscandidate mutationscandidate mutations.candidate mutations.

•• BUT, BUT, 11//3 3 of patients mutations are for type of patients mutations are for type 2 2 
VWDVWDVWD VWD 
11//3 3 of patients mutations are polymorphismsof patients mutations are polymorphisms
11//33 of patients no mutation detectedof patients no mutation detected11//3 3 of patients no mutation detectedof patients no mutation detected



Some previously identified mutations:Some previously identified mutations:Some previously identified mutations:Some previously identified mutations:
11. Y. Y15841584C in exon C in exon 2828

•• ((88--2525%) prevalence and shown to be %) prevalence and shown to be 

associated with a associated with a 2626% decrease in VWF:Ag. % decrease in VWF:Ag. 

Together with blood group O would cause a fall Together with blood group O would cause a fall 

ofof 3939%%of of 3939%. %. 

•• Its association with ADAMSTIts association with ADAMST 1313 in clearance ofin clearance ofIts association with ADAMST Its association with ADAMST 13 13 in clearance of in clearance of 

VWF and increased risk of bleeding VWF and increased risk of bleeding 



Some previously identified mutations:Some previously identified mutations:Some previously identified mutations:Some previously identified mutations:
22.. RR12051205H “Vicenza” in exon H “Vicenza” in exon 2727

C hi hl t t d t tC hi hl t t d t t•• Causes highly penetrnat moderate to sever Causes highly penetrnat moderate to sever 

typetype 11 VWD caused by markedly increasedVWD caused by markedly increasedtype type 1 1 VWD caused by markedly increased VWD caused by markedly increased 

clearance of VWF. clearance of VWF. 

•• About About 55..55% frequency in all studies.% frequency in all studies.

•• Ultra high molecular weight multimer?Ultra high molecular weight multimer?



Some previously identified mutations:Some previously identified mutations:Some previously identified mutations:Some previously identified mutations:
33. R. R854854Q in exon Q in exon 20 20 & & 

RR924924Q in Q in exonexon 2121

A thA th 22 l t ti l hi ?l t ti l hi ?•• Are these Are these 2 2 real mutations or polymorphism?real mutations or polymorphism?

•• RR854854Q causes severe VWD in compoundQ causes severe VWD in compound•• RR854854Q causes severe VWD in compound Q causes severe VWD in compound 

heterozygous form, particularly type heterozygous form, particularly type 22N VWD.N VWD.

•• Very little evidence of pathogenesis associated Very little evidence of pathogenesis associated 

with Rwith R924924Q.Q.



Some previously identified mutations:Some previously identified mutations:Some previously identified mutations:Some previously identified mutations:
44..

•• RR13151315C, RC, R13151315L, RL, R13741374C, RC, R13741374H, H, 

II14161416N iN i 2828 i ti t 22M VWDM VWDII14161416N in exon N in exon 28 28 causing type causing type 22M VWD M VWD 

by reducing VWF functionby reducing VWF functionby reducing VWF function.by reducing VWF function.

•• Other mutations at Cysteine residueOther mutations at Cysteine residue•• Other mutations at Cysteine residue.  Other mutations at Cysteine residue.  



DDAVP d t tiDDAVP d t tiDDAVP response and mutationDDAVP response and mutation

•• Direct association in groups with mutations atDirect association in groups with mutations at•• Direct association in groups with mutations at Direct association in groups with mutations at 

codon codon 1130 1130 and and 1205 1205 reducing DDAVP’s half life.reducing DDAVP’s half life.gg

•• Less influential in groups with mutations in the Less influential in groups with mutations in the 

AA11--AA3 3 domains or abnormal multimer pattern.domains or abnormal multimer pattern.

•• No clear information in clinical practice. No clear information in clinical practice. 



Type 1 VWD diagnosis and molecular characterization

VWF level <VWF level <2525--3030%% VWF level VWF level 3030--4040%% VWF level VWF level 4040--5050%%

Significant bleeding not Significant bleeding not 
unusualunusual

May have significant May have significant 
bleedingbleeding

Mild or doubtful Mild or doubtful 
bleedingbleeding

Diagnosis is more Diagnosis is more 
straightforwardstraightforward

These are the most of These are the most of 
cases seen in clinics. cases seen in clinics. 
With variable ease ofWith variable ease of

ABO blood group have ABO blood group have 
a a major effect on this effect on this 
groupgroupWith variable ease of With variable ease of 

diagnosisdiagnosis
groupgroup

Disease is highly Disease is highly Molecular basis is only Molecular basis is only Low heritability. VWF Low heritability. VWF 
heritable.heritable. identified identified in some of 

the cases
levels often don’t levels often don’t 
segregate with segregate with 
bleeding or with bleeding or with VWFVWF

Often associated with Mutation ??

gene. gene. 
VWFVWF mutations mutations 
infrequently identifiedidentified

dominant VWF mutation
infrequently identified. identified. 
Do they have VWD?Do they have VWD?





C l iC l iConclusionsConclusions

11. The . The 3 3 recent studies have improved our recent studies have improved our pp

knowledge of the pathogenesis of type knowledge of the pathogenesis of type 1 1 VWD VWD 

and management and differentiation of people and management and differentiation of people 

with low levels of VWFwith low levels of VWFwith low levels of VWF.with low levels of VWF.



C l iC l iConclusionsConclusions

22. Improved laboratory assays, use of the . Improved laboratory assays, use of the 

bleeding scores (suitable for adults and children) bleeding scores (suitable for adults and children) 

and the influence genes other than VWF e.g. and the influence genes other than VWF e.g. 

ABO blood group is likely to be important inABO blood group is likely to be important inABO blood group is likely to be important in ABO blood group is likely to be important in 

understanding of the control of VWF level and understanding of the control of VWF level and 

improving management of type improving management of type 11VWD patients.  VWD patients.  



C l iC l iConclusionsConclusions

33. Although these . Although these 3 3 studies have provided a studies have provided a 

sound basis for our better understanding of the sound basis for our better understanding of the 

mechanisms of type mechanisms of type 1 1 VWD, much additional VWD, much additional 

work is needed to be done before we can claimwork is needed to be done before we can claimwork is needed to be done before we can claim work is needed to be done before we can claim 

to truly comprehend the genetic pathology of to truly comprehend the genetic pathology of 

this disease.this disease.



C l iC l iConclusionsConclusions

44. While genetic testing is useful in some of the . While genetic testing is useful in some of the 

VWD subVWD sub--types, the obvious genetic complexity types, the obvious genetic complexity 

associated with type associated with type 1 1 VWD, currently precludes VWD, currently precludes 

the use of thisthe use of this methodoloygmethodoloyg as a complementaryas a complementarythe use of this the use of this methodoloygmethodoloyg as a complementary as a complementary 

diagnostic aid.   diagnostic aid.   


