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Functions of Von Willebrand factor 2

1. Adhesion of platelets
2. Aggregation of platelets

3. Carrier of factor VIlI

Mannucci PM, NEJM 2004
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Coagulation cascade

Compact vVWF carrying FVIII
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1= Sjukdomsbegrepp. Tidigare observerade fall.

T sitt nya stora arbete dver de hemeorragiska diateserna fram-
hiller 1i. Franx (Breslau), att den klassiska hemofilien éir en
ef exkvisit hereditir—familjir anomali, att det kan ifriga-
sidttas. huruvida dwver huvnd sporadiska fall av sjukdomen
existera. Diremot dr, siger han, den klassiska trombopenien
sd utpraglat sporadisk, att man kan diskutera, om en familjir
form av densamma alls férekommer. bMed trombopeni avses
hir den sjukdom, som sedan gammalt bir namnet morbus macu-
losus Werrirort eller purpura haemorrhagica och som pi senaste
tid av IFrank och en del andra forskare betecknats sfisom
essentiell trombopeni

Hittills har man wvelat betrakta drftlig blodaresjukdom och
hemofili sdsom synonyma begrepp. Men om man genomignar
hithiirande litteratur, skall man finna, o ock i ett fAtal fall,
beskrivningar over en familjir form av hemorragisk diates,
som redan dirigenom skiljer sig frin dikia hemofili alt den dven
farekommer bland kvinnor och, sésom det tyckes, t. o, m, oftare
dn bland min, Men Hven i andra avseenden kan man draga
en skarp grians mellan ifrdgavarande famuiljiira lidande och
hemaofilien, THirom mera Giongre fram 1 kap. 6 om diagnosen.
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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)
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von Willebrand disease: Symptoms

= Mucosal bleedings
= Nose bleeds
= Gingiva bleeds
= Menorrhagia

= Haematomas
= Bleeding after surgical interventions
= dental extractions

* Adeno tonsillectomy

= Bleeding after delivery (type 2/3)
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Severity of Von Willebrand disease

ype 1wamu

VWE w‘_ Mild VWD Forms:
mi‘w Type 1 (bleeders)
& FVIII:C 2040 U/dL. Low Levels of VWF:

normal (non bleeders)
VWF:RCo 30-50 U/dL

+ FVII:C 40-60 U/dL

Federici A, et al. STH 2006
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Von Willebrand Disease (VWD)

= Various types of VWD
= 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
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Von Willebrand disease classification
Type Description

1 Partial quantitative defect of VWF

2  Qualitative defect of VWF

2A Reduced platelet dependent vVWF function, with a reduction of
high molecular weight multimers
2B Increased VWF platelet-dependent vVWF function, with a

reduction of high molecular weight multimers. Characterized by
thrombocytopenia, increased affinity to GP1b-IX-V complex

2M Reduced platelet-dependent vVWF function, with normal
multimer pattern

2N Reduced affinity of vVWF for factor VIII

3 Total absence of VWF

Sadler JE, et al. JTH 2006;4:2103-14
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von Willebrand disease: diaghosis

= History: patient and family

= Use a validated questionnaire to quantify the bleeding severity



Table 1 Assigned score for ench bleeding symptom

Tosetto Bleeding Score
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Score
Symptom ~1 0 1 2 3 a4
Epistaxis - No or trivinl =5 or more than 107 Consultation only Packing or Blood transfusion
(less than 5) cauterization or replacement
or antifibrinolytic therapy or
desmopressin
Cutineous - No or trivial > 1 em and no trsuma Consultation only

(=1 ecm)
No or trivial
(less than 5)

Bleeding from
minor wouncds

Oral cavity - No
Gastrointestinal - No
bleeding

Tooth extraction  No bleeding None done or
in at least no bleeding in

WO extruction  one extruction

Surgery No bleeding None done or
in ot least no bleeding in
WO SUrgerics one surgery
Menorrhagia - No
Postpartum No bleeding
hemorrhoge in nt least no bleeding in

two deliveries  one delivery

Muscle hematomas — Never
Hemuarthrosis Never
Central nervous - Never

system bleeding

No deliveries or Consultation only

=5 or more than &8 Consultation only

Referred at least one Consultation only

Associnted with uleer,
portl hypertension,
hemorrhoids,
angiodysplasia

Spontaneous

Referred in = 25%
ol all procedures,
no intervention

Referred in < 25%
of all procedures

Referred in = 25%
of all procedures,
no intervention

Referred in <= 25%
of all surgeries

Consultation only Antifibrinolytcs, pill use

Dilatntion and curretiage,
iron thernpy,
antifibrinolytics

Post trauma no Spontancous, no therapy

therapy

Post trauma no Spontancous, no therapy

therupy

Surgical hemostisis

Surgical hemostasis
or antifibrinolytic

Surgical hemostasis,
blood trunsfusion,
replacement therapy,
desmopressing,
antifibrinolytic

Resuturing or

packing

Surgical hemostusis
or antifibrinolytic

Dilatation and
currettage, iron
therapy

Blood transfusion or
replacement thernpy
or desmopressin

Spontancous or
traumatic, requiring
desmopressin or
replicement therapy

Spontanecous or
trisumitic, requiring
desmopressin or
replacement therapy

Subdural, any
intervention

Blood transfusion
or replncement
thernpy or
desmopressin

Blood transfusion
or replacement
therapy or
desmopressin

Blood transfusion
or replacement
therapy or
desmopressin

Blood transfusion
or replacement
therapy or
desmopressin

Blood transfusion
or repliacement
therapy or
desmopressin or
hysterectomy

Hysterectomy

Spontancous or
traumatic,
requiring surgical
mtervention or
blood transfusion

Spontancous or
traumutic,
requiring Surgical
intervention or
blood transfusion

Intracerebral,
any intervention

Tosetto A, et al. JTH 2006
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Symptom

Score

0

1

2

3

4

Packing or

Blood transfusion or

Consultation
only

>5 or more than
10’

No or trivial

rization or
(less than 5) cauterization o

antifibrinolytic

replacement therapy
or desmopressin

Epistaxis —

No or trivial >1 cm and no | Consultation

Cutaneous —

(<1 cm)

trauma

| on'Iy

Postpartam
hemorrhonge

Muscle hematomas

Hemarthrosis

Central nervous
system bleeding

No bleeding

in ot least

two deliveries

one delivery
Never

Never

Neover

No deliveries or Consultation only
no bleeding in

Post trauma no
therapy

Post trauma no
therapy

Dilatntion and curretniage,

iron therapy,
antifibrinolytics

Spontancous. no therapy

Spontaneous, no therapy

currettage, iron
therapy

Blood transfusion or

replacement therapy

or desmopressin
Spontancous or
trawmalic, requiring
desmopressin or
replicement therapy

Spontaneous or
truumautic, requiring
desmopressin or

replacement therapy

Subdural, any
ntervention

or replacement
therapy or
desmopressin or
hysterectomy
Hysterectomy

Spontancous or
traumatic,
requiring surgical
mtervention or
blood transfusion

Spontaneous or
troumatic,
requiring Surgicnl
mtervention or
blood transfusion

Intracerebral,
any intervention

Tosetto A, et al. JTH 2006;4:766-773.
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VWF:Ag, VWF:RCo, FVIII:C (IUdL™)
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National study of moderate and severe von
Willebrand disease in the Netherlands
WIN study

National study including children and adults
Moderate and severe Von Willebrand Disease

moderate: VWF 10-30 IU/dL or FVIII 20-40 IU/dL
severe: VWF < 10 [U/dL or FVIII < 20 IU/dL

All types of VWD

Questionnaire and blood sample for plasma and DNA
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Patients’ characteristics WIN study
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total
n=806
sex males (n,%) 325 40%
females (n,%) 481 60%
age males (median, range) 37 0-84
females (median, range) 44 0-87
VWD severity severe VWD 201 40%
moderate VWD 605 60%
VWD type 1 (n,%) 460 57%
2 (n,%) 293 36%
3 (n,%) 37 5%
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Bleeding score in moderate and severe VWD
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von Willebrand disease: laboratory diagnosis

= Screening tests
» Bleeding time
» Closure time (PFA-100®)
= APTT, PT, fibrinogen, platelet count
» Routine laboratory tests
= Factor VIII:C
= VWEF:antigen
= VWEF activity (ristocetin cofactor activity, collagen binding activity)
» Specialized laboratory tests
= multimer pattern
RIPA
DDAVP testing
VWEF propeptide
FVIII binding assay
DNA analysis
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Screening test for VWD

= Bleeding time
» | ack 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%



Interpretation of PFA

C/Epi CT

prolonged

IA

Prolonged C/Epi CT &
Normal C/ADP CT:

consider:

drug effect (eg aspirin),
low hematocrit,

mild thrombocytopenia,
mild VWD,

mild platelet dysfunction

Normal C/Epi CT &
Normal C/ADP CT:

normal result:

no evident drug effect;
can also exclude:

severe thrombocytopenia,
severe VWD,

severe platelet dysfunction

: severe VWD,

Prolonged C/Epi CT &
Prolonged C/IADP CT:

consider:

drug effect,

very low hematocrit,
evere thrombocytopenia,

dysfunction

-----------------------------------------------------------------------------------------------------------------

Normal C/Epi CT &
Prolonged C/ADP CT:

Rare event

«— normal

+— prolonged —

C/ADP CT

Favaloro 2008
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Sensitivity and specificity of PFA 100® for VWD

Fressinaud et al. Cattaneo et al. Leebeek et al.
CT-Epi |CT-ADP |BT CT-Epi |CT-ADP | BT CT-Epi | CT-ADP | BT
Overall 96 % 100% |66%|87 % |88 % 65%|70% |51 % 25 %

sensitivity
Overall [96% |99 % - 95% |95 % - 63% |67 % 76 %
specificity
PPV 93% |98 % - 96 % |96 % - 85% |88% 77 %

NPV 98 % 100% |- 84% |86% - 41% |23 % 24 %
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FVIIIl and VWF assays

FVII:.C
VWF:Ag

* Immunoassay with high precision
VWF:RCo (functional assay)

» 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
= High inter and intra laboratory variability
= Not precise at low levels of RCo activity

VWF:.CB

= 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)
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VWEF activity (HemosliL)

= Assay based on latex particles conjugated to MAb directed against
VWF GPIb binding site

Difference (MDA - ACL) n
Difference (MDA - ACL) m

100 30 . 100
20 . R
>) 101 <« IS
0 + ) h
-10 *100 200 300
-50 20 ‘e
-100 —39 * . .
-150 -50 -100

Difference (Risto — ACL) n

Factor VIII Activity (%) vWF Antigen (%) Ristocetin Cofactor (%)

Salem RO et al. Am J Clin Pathol 2007
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FVIIIl and VWF assays

FVII:.C
VWF:Ag

* Immunoassay with high precision
VWF:RCo (functional assay)

» 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
= High inter and intra laboratory variability
= Not precise at low levels of RCo activity

VWF:.CB

= 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)
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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 2)

= VWF multimer analysis
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Multimer analysis

Gelresolution
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Fig. 3. Schematic representation of representative vWF multimer gels. Low-resolution gels
show a distribution of multimers and are able to resolve broad patterns of small, interme-
diate, and large multimers. Higher resolution gels are needed to visualize satellite bands
representing degradation products and flank main multimers. Various patterns are charac-
terized predominantly by the main features of total intensity, distribution of sizes, and
abnomalities of the satellite bands corresponding to different molecular mechanisms as dis-
cussed in the text.

Torres 2009
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Multimer analysis

High Molecular
Weight VWF

Intermediate
Molecular
Weight VWF

Low Molecular
Weight VWF

P44 A4t 14 44

Type | Type | Mild Cryo | Moderate
2B 2A | Typel sup Type 1

Normal Normal Normal Normal Normal

Favaloro 2006
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Multimer analysis

NP TIC ITE 2B 2A TIA CBD 2M1

1L 1)

VY VY

-ﬁ-:m

D1 D2 D* D3 A1 A2 A3 D4 BC1C2 CK

SP Pro-peptide Mature VWF

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

Negative Positive o
J Platelets, not s /o
. Type 2B

Directly suggestive of yWD

— - J PTT that corrects with mixing study or
Wrtial VIWF tests: : ’ Ho abnormalities
* YWFAg <
* VWFRCot and/or €8
«FVm
SHEREAD Borderline
(Ag~ 75%, FVIII ~ 50%, RCof ~ 50%)
-~
RCof/Ag~ 1 and
> FVIll/Ag > 0.7

Repeat abnormal or clearly abnormal
Undetectable RCof/Ag< 0.7 \svm/Au 0.7
\
Nolow dose
aggregation

T low dose
aggregation JBinding ratio

Hormal
binding ratio

TYPL 2A
(J Large Multimers)

TYPE 28 or Pyeudo vWD
(4 Large Multimers)

Torres 2009
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von Willebrand disease: algorithm diagnosis

history

4

Screening lab (APTT,PT, Bleeding time/PFA, platelet count

4

FVII:C, VWF:Ag/RCo/CB

e l
decreased Normal result, repeat twice
Suspicion von Willebrand disease +— | decreased

|

ratio VWF:RCo/VWF:Ag < 0.7 type 2
ratio VWF:RCo/VWF:AG > 0.7 type 1

v

Multimer pattern Diagnosis von Willebrand Disease

,, . N

RIPA (type 2B)

v

Information, DDAVP test Treatment plan

Genetic testing??
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Reducing Errors in Identification of von
Willebrand Disease: The Experience of the
Royal College of Pathologists of Australasia
Quality Assurance Program

Emmanuel J. Favaloro, Ph.D., M.A.1.M.S.,? Rosl1yn Bonar, B.Sc.,’
Geoff Kershaw, B.Sc., F.A.1.LM.S.," John Sioufi,” Ross Baker, M.D.,?
Mark Hertzberg, M.D., Ph.D.," Alison Street, M.D.,' and Katherine Marsden, M.D."

(on behalf of the RCPA QAP in Haematology)
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Bl VWF:RCo only
Bl VWF:CB only
[JRCo +CB
[CICB (+/- RCo)
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VWD type 3: genetic background

Signal peptidase Furin ADAMTS13
p.C22 - A23 p.R763 - S764 p.Y1505 - M1506
B1-B3
A3 D4 Ill C1' _C2/ NEK
Exon 2 3-10 1117 18-20 20-28 28 28  28-32 33-34  35-39 40-42 42-44 45-48 49-52
NH, FVill Gplba Collagen Gplib-llla COOH
CGLC CGLC Multimerisation Dimerisation
aa 22 741 2050
Signal (pre-) Pro- Mature
peptide peptide VWF

Goodeve AC. Blood Reviews 2010 Epub on line
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VWD type 3: mutations in Italian patients

Large gene deletion
S >
IVS40(-1)g — ¢
2748-2750deHYC
VS&(-1)g—a Y1542* 7921insC
R3657 Q7os; A C21746 C2804Y
437deIG C2758 EB44r 2680del $1338" |R1659°
W222" R373* IVS28(+10)c—=1 2429 [7375insd
Q218" 6431delT
¥ YyYvY Vv LA 4 \A v L 4 v A ¥
3 71 19 15116 14 28 37 42 4% 52
bp 0 1000 2000 3000 4000 5000 6000 7000 8000 3000
H:NH:::.f;f::bi:::.':ilf: .;:;:;:;;;‘,ﬁ;:;:;:;:;]:p',:}:;:;:;:;:39'3;:;:;:::;;;;::g;;;::§§§§§§§§;§::;§;§;:§} ]m%ftﬂmi ] COOH
Bl
B2
B3

Baronciani L, et al. Thromb Haemostas 2000
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VWD type 3: mutation frequency in Sheffield
VWD database

Type 3

251

N
o
|

Mutations
—
on
1

A
o
L

No.
on
| |

0-
0 5 10 15 20 25 30 35 40 45 50

Exon No.
Goodeve AC, Blood Reviews, 2010 Epub on line
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VWEF propeptide

= VWF PP has a short half-life (2-3 hours)

= Determined by ELISA

= High ratio of PP:VWF Ag is seen in patients with high clearance of VWF



Active VWF

= Uses nanobodies against the active
site of VWF

VWF-GPiba BC (ratio)

= Determines VWEF in its active
GPIb-a-binding conformation
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VWF-GPiba BC (ratio)

Normal  vwDi VWD2A VwD28 VWD28  vwD2Mm
Controls HMWM no HMWM HMWM no HMWM no HMWM

6

a) (C-D)

54\.

(A (8,C,0) (8)
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T T
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Platelet Count

Federici A, et al. Blood 2009
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Conclusions

VWD is a heterogeneous disorder with varying bleeding phenotype

Laboratory diagnosis is difficult and consists of both screening tests and
more specialized tests

Use of algorithm is necessary for correct diagnosis

New test are in development, but need to be validated



