Von Willebrand’s Disease

Gilbert C. White, 11

Von Willebrand factor is a single polypeptide chain with
molecular weight of 300,000 dalton which is processed to
250,000 daltons. vVWF monomers of 250,000 daltons
oligomerizeto form polymers of anywhere from 1,000,000
daltons to 20,000,000 daltons. Multimerization occurs in
thelast compartments of the Golgi apparatusand inthe post-
Golgi secretory vesicles in acidic conditions. The vVWF
propeptide plays an important role in multimerization and
cleavage of the propeptide is the final step in the process-
ing of von Willebrand factor. Plasma multimeric pattern
depends on e ectrophoresis conditions. With low concen-
trations of agarose (0.65%) the multimeric patternis maxi-
mized showing multimersin increments of ~600,000 daltons
up to 20,000,000 daltons. With high concentrations of aga-
rose (2-3%), each individual multimer can beresolved into
up to threeto five distinct bands.

There aretwo sites of VWF sythesis. The mgjor site of
VWF synthesisisin endothelial cells. Following synthesis,
VWEF is stored in Weibel-Palade bodies and secreted into
the circulation by both constitutive and regulated mecha
nisms. Small molecular weight multimers are secreted con-
stitutively into the circulation, wherethey circulatein acom-
plex with coagulation factor VI11. Large molecular weight
multimers are secreted from Weibel-Palade bodies in re-
sponse to a variety of secretogogues. VWF is aso synthe-
sized in megakaryocytes and large molecular weight
multimers stored in the a secretory granules of platelets
along with other large adhesive glycoproteins such as fi-
brinogen, thrombospondin, and factor V.

VWF mediates the adhesion of platelets with compo-
nents of the vessel wall, especially collagen. So when there
isvascular injury, VWF participatesin the very earliest he-
mostatic responses. Adhesion is mediated through adirect
interaction of VWF with platel etsthrough amembrane gly-
coprotein called GPIb on the surface of platelets. Thelarg-
est molecular weight multimers of vWF, from 15,000,000-
20,000,000, appear to be most active in mediating platel et
adhesion to collagen. Carrier protein for coagulation factor
VII1. In the absence of von Willebrand factor, the half-life
of factor V111 inthe circulation decreasesfrom anormal of
8-12 hoursto 2-3 hours.

Von Willebrand' s disease is a hemorrhagic disorder
caused by aninherited or, rarely, acquired deficiency or ab-
normality of plasmaand/or cellular von Willebrand factor.
Disease prevalence has been estimated to be ashigh as 1.6%,
making it one of themost common genetic diseasesinman. Is
there some functional advantage for individuals with von
Willebrand' sdisease, i.e. protection against atherosclerosis?

The diagnosis of von Willebrand’ s disease is based on
the demonstration of an abnormality in one or more of the
following tests:
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» Von Willebrand factor activity: Also caled ristocetin
cofactor activity, VWF activity is measured by von
Willebrand factor—supported aggl utination of platel ets
by ristocetin, a glycopeptide derived from the Actino-
mycete Nocardia lurida. Activity can also be measured
using Botrocetin, afunctionally related compound from
the venom of Bothrops jararaca. VWF activity can be
falsely reduced by ristocetin-binding proteinsin plasma
such as Vancomycin.

» Von Willebrand factor antigen: Formerly referred to
asfactor V1l1-related antigen, thisisthe antigenic mea-
sure of the von Willebrand factor protein. VWF:Ag is
measured by Laurell immunoel ectrophoresistechnique
or ELISA.

* Factor VIl activity: measured by one-stage coagulation
assay using factor VI1I-deficient plasmaas substrate.

* Bleeding time: measured by vy bleeding time. Thedi-
agnosis based on finding reduced levels of VWF activ-
ity, VWF antigen, factor VI11 and/or aprolonged bleed-
ingtime.

In the classical case, al four tests will be abnormal,
but thereis remarkabl e phenotypic diversity so that any com-
bination of the above abnormalities maybe seen. Variabil-
ity even existswithin the sameindividual.

VWEF activity, VWF antigen, and factor V111 are affected
by blood type, with levels of each being reduced in indi-
viduals with type O blood, estrogens, epinephrine/vaso-
pressin, and genetic factors.

Classification

The classification of von Willebrand’ s disease is based on
determination of the multimeric composition of plasmavon
Willebrand factor.

Type 1 vWd: Intype 1 vWD, thereisapartial quantitative
deficiency of VWF. Thisis the most commonly diagnosed
type of VWD, accounting for approximately 70-80% of
cases. The characteristic finding in type 1 vWD isthe dem-
onstration on multimer analysisthat all multimersin plasma
are present and in the same rel ative proportion asin normal
plasmabut are reduced. The reduction in multimersisvari-
able among patients and may be variable on different occa-
sionsinany given patient. Plasmaleve sof factor VIII, vWF
activity, and VWF antigen may be reduced, usually concor-
dantly, but also may be normal, and the bleeding time may
be either prolonged or normal. It isgenerally assumed that
promoter mutations, nonsense mutations, frameshift muta-
tions, and large deletions account for most type 1 defects.
In some patientswith type 1 disease, silent alelesthat pro-
duce undetectable or greatly reduced amounts of mMRNA
for VWF have been demonstrated. Point mutations produc-
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ing premature truncation of the vVWF protein and missense
mutationswithin functional domains of vVWF have also been
demonstrated.

Type 2 vWd: Intype 2 VWD, there is a qualitative abnor-
mality of VWF. Patients may have normal levels of VWF
protein, but the proteinisdysfunctional. These variants ac-
count for 15-30% of cases.

Type 2A VWD refersto aqualitative variant of VWD in
which there is defective platel et-vWF interactions associ-
ated with the absence of the high- and middle-molecular-
weight VWF multimersin plasma. Satellite multimer bands
may or may hot be normal. The hemostatic abnormality in
type 2A VWD is due to the absence of the hemostatically
effective large VWF multimers. Platelet aggregationin re-
sponse to ristocetin is reduced in proportion to the defi-
ciency of high-molecular-weight VWF multimers. At least
two distinct mechanisms account for the usua type 2A phe-
notype: (1) abnormal cellular assembly of VWF multimers,
and (2) increased susceptibility of VWF to proteolysisin
vivo. Platelet VWF in patients with abnormal cellular as-
sembly of vVWF issimilar to that in plasmaand isnormal in
patients with increased susceptihility to proteolysis.

Type 2B vWD is caused by aqualitative abnormality of
VWEF in which there isincreased platel et-vWF interaction
dueto an increased affinity of VWF for its platel et receptor,
GPIb. Patients previoudy classified as 1B, I-New York,
and Mamé areincluded in this category. In the usual form
of type 2B VWD, there is an absence from plasma of only
the highest molecular weight multimers. The middlie and
low molecular weight multimers are present in normal
amounts and in the same relative proportionas in normal
plasma. The hallmark of type 2B vWD is an enhanced ag-
gregation of the patient’s platelets in the presence of re-
duced concentrations of ristocetin. At a concentration of
0.3-0.5mg/ml, ristocetin does not usually induce aggrega-
tion of normal platelets, but intype 2B disease, 0.3-0.5 mg/
ml of ristocetin stimulates afull aggregation response. The
high-molecular-weight multimers missing in plasma are
present in platelets, suggesting that al of the vWF multimers
are synthesized and that the absence of the high-molecular-
weight formsis due to increased turnover of the high-mo-
lecul ar-weight multimers because of the increased affinity
of VWF for GPIb. Patients with type 2B vWD often have
mild thrombocytopenia.

Type 2M VWD refers to qualitative variants in which
thereisdecreased platel et-vWF interaction that is not caused
by the absence of high-molecular-weight multimers. Previ-
ous VWD types B, Vicenza, IC, and ID are grouped in this
category. The vVWF multimer distribution istypically nor-
mal and there may even be larger-than-normal multimers.
The satellite bands may be abnormal. In vWD type B and
type 2MMiwakee1 tha defect was shown to cause decreased
binding of VWF to platelet GPIb.

Type 2N vWD, also termed Normandy type vWD, isa
qualitative abnormality of vVWF in which thereis defective
interaction with factor VI1I1. This form of VWD masguer-
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ades as an autosomal form of hemophilia A. Patients with
thisvariant have reduced levels of factor VIII, typically 5-
15%, with normal levels of VWF and vVWF:Ag. The bleed-
ingtimeisnormal. The molecular defect in vWD Normandy
isintheregion of VWF involved in binding factor VIII and
resultsin impaired formation of the vWF/factor V111 com-
plex. Asaresult, the half-life of factor VIII in the circula-
tion is markedly shortened and factor VIII levels are re-
duced. The phenotypic expression of the Normandy vari-
ant only occursif the person is homozygous for the defect
or if the other alleleisasecond vWD allele with reduced or
absent levels of normal VWF such that only the abnormal
factor VI1I binding alleleis predominantly expressed.

Type 3 VWD is a severe form of vWD, with nearly com-
plete deficiency of VWF. Usually vWF activity and VWF.Ag
are undetectable, and factor V111 levelsaretypically mark-
edly reduced (to <10%). The bleeding time is prolonged,
usually to >20 minutes. Multimeric analysis of plasmafrom
patientswith type 3 di sease shows essentially no multimers
because of the marked reductionin VWF. This severeform
of VWD may be the result of a homozygous defect or of
compound heterozygosity.

Platelet-type, pseudo-vWD isaprimary platelet disorder
involving the platelet receptor for VWF. Phenotypically,
patients with platel et-type, pseudo-vWD are similar to pa-
tients with type 2B disease: multimeric analysis reveals
absence of the highest-mol ecul ar-weight multimers; factor
VIII, vVWF activity, and VWF:Ag are variably reduced; and
thebleeding timeis prolonged. Aggregationisenhancedin
response to low concentrations of ristocetin (0.3-0.5 mg/
ml), and mild thrombocytopeniais commonly present. How-
ever, in contrast to type 2B vWD, in which the abnormality
isinthevWF itsdlf, the defect in platel et-type, pseudo-vWD
isin the platelet receptor for vWF, which has an increased
affinity for normal vVWF. The deficiency of the high-mo-
lecular-weight multimersis thought to occur as aresult of
increased utilization secondary to the increased affinity of
plateletsfor vVWF. Platel et-type pseudo-vWD can be distin-
guished from type 2B disease by addition of normal human
cryoprecipitateto the patient’ s platel et-rich plasma. In plate-
let-type disease the cryoprecipitate will induce platel et ag-
gregation, whileintype 2B diseaseit will not. Platelet-type
pseudo-vWD can aso be distinguished from type 2B dis-
ease by the differential binding of the patient’ splasmavWF
to formalin-fixed platelets. Unlike the responseto cryopre-
Cipitate, thismethod can be performed with previoudy fro-
zen plasma.

Acquired vWD may occur in people who were previously
normal. In most cases, thisis caused by antibodiesto vVWF
that neutralize VWF activity. Patients present with new on-
set bruising and bleeding. VWF activity, vWF:Ag, and fac-
tor V11 are markedly reduced and the bleeding timeis pro-
longed. Inhibitors may occur in otherwise healthy people,
but often are associated with an underlying disorder such

144



as lymphoproliferative disorders, benign monoclonal
gammopathies, and other diseases characterized by immu-
nologic abnormalities. Acquired vWD may aso occur in
the absence of antibodies when there isincreased utiliza-
tion of VWF. For example, people with cardiac disease,
particularly ventricular septal defect or valvular heart dis-
ease, may acquire adeficiency of the high-molecular-weight
VWF multimers and present with a pattern consistent with
type 2B vWD with decreased factor V1I1, decreased vVWF,
decreased VWF:Ag, and an absence of high-molecular-
weight multimers. Repair of the cardiac defect may result
in normalization of VWF.

Clinical Manifestations

The clinical manifestations of VWD relate primarily to the
bleeding tendency. Hemorrhagic manifestations are prima-
rily from delicate mucous membranes—the nasal mucosa,
the gastrointestinal tract, and in females the vaginal mu-
cosa. Joint bleeds may occur in severe type 3 von Wille-
brand’ s disease but they are not common and do not occur
intype 1 von Willebrand’ sdisease unlessthereis attendant
trauma. Clinical complicationsinclude the development of
inhibitorsin about 10% or less of patients with severetype
3von Willebrand’ sdisease. Mitral valve prolapse has been
reported in al types of von Willebrand's disease, but it is
not clear if these are linked disorders. Angiodysplasia are
small telangiectasiathat occur inthewall of theintestinein
patients with von Willebrand' s disease, typically in those
over the age of 50 and with type 3 disease. Estrogen therapy
may be helpful with angiodysplastic bleeding.

Treatment of von Willebrand’s Disease

Treatment of von Willebrand' s disease is aimed at correc-
tion of the bleeding time and the partial thromboplastintime.
Sincethe bleeding timeis sensitiveto only the highest mo-
lecular weight multimers, the source of the von Willebrand
factor and its multimeric composition is important thera-
peutically.

Type 1 vWD. DDAV P (1-deamino-8-D-arginine vaso-
pressin) isthetreatment of choicefor most individualswith
type lvWD. DDAVP is a synthetic analog of vasopressin
which has been engineered to remove the pressor activity.
DDAVP increases von Willebrand factor activity, von
Willebrand factor antigen, and factor V111 by indirect mecha-
nismsthat are thought to involve the release of VWF from
storagesites. A trial administration should be performedto
be sure that the patient will respond to DDAV P. Hormonal
agents may be used to control menstrual bleeding in von
Willebrand' sdisease.

Type 2A vWD. In most cases of type 2A vWD, DDAVP
only resultsin the secretion of the abnormal von Willebrand
factor and is therefore not useful for treatment. Humate-P,
VWEF concentrates, or cryoprecipitate is the treatment of
choicefor thisform of vWD. Humate-P is a concentrate of
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human plasmafactor V111 that is of intermediate purity and
is pasteurized to remove lipid coated and non-lipid coated
viruses. All intermediate purity factor VIII concentrates
contain von Willebrand factor but most lack the high mo-
lecular weight multimers and therefore do not effectively
correct the bleeding timein von Willebrand' s disease. Hu-
mate-P does not contain al the high-molecular-weight
multimers, but it contains more of them than other factor
VI concentrates and can shorten the bleeding time. VWF
concentrates, both plasma-derived and recombinant, are cur-
rently in development and promiseto be useful agents. Cryo-
precipitate containsall of the multimers, including the high-
est molecular weight multimers, of von Willebrand factor
and is the best agent to correct the bleeding time in von
Willebrand' s disease, but cryoprecipitate is not processed
to removeinfectious blood born viruses and therefore hasa
risk of hepatitis and AIDS. Antifibrinolytic agents may be
useful for epistaxis, gingival bleeding, and gastrointestinal
bleeding.

Type 2B vWD. Humate-P, vWF concentrates, or cryo-
precipitate isthe treatment of choice for type 2B vWD. As
with type 2A vWD, DDAV P resultsin the secretion of the
abnormal von Willebrand factor and may cause an increase
in the thrombocytopenia. For this reason, DDAVP is con-
traindicated in type 2B vWD.

Type 2M vWD. Humate-P, vWF concentrates, or cryo-
precipitateisthe treatment of choice.

Type 2N vWD. Concentrates of factor V111 can be used
for short-term correction of thefactor V111 level, butin the
absence of correction of thevon Willebrand factor, the bio-
logical half-life of the infused factor VIII will be short.
Humate-P, vVWF concentrates, or cryoprecipitateisthe treat-
ment of choice.

Type 3 vWD. Humate-P, vVWF concentrates, or cryo-
precipitateisthe treatment of choicein type 3vWD. It has
been suggested for that to achieve complete correction of
the bleeding time, combinations of Humate-P, vVWF con-
centrates, or cryoprecipitate with DDAV P may be needed.

Platelet-type, pseudo-vWD. Platelet concentrates are
used to treat platelet-type pseudo-vWD. The administra-
tion of Humate-P, vVWF concentrates, cryoprecipitate, or
DDAV P may increase the amount of von Willebrand factor
to interact with the abnormal GPIb on the platelet surface
and may exacerbate the thrombocytopenia.

Complications of treatment with DDAVP are prima-
rily water retention with hyponatremia which may be se-
vere and may cause seizures. Monitor serum sodiuminin-
dividuals receiving multiple doses of DDAVP. Limit free
water when concomitant intravenousfluids are administered.
Cryoprecipitate and Humate-P: hepatitisA, B, or Cand HIV
infection with cryoprecipitate. Humate-P is viral safe but
may not completely correct the bleeding timein patients.
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