








Detection ofheterozygotes in both parents ofhomozygous patients with Von Willebrand's disease
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Fig 4 Immunodiffusion patterns of three members of the
three families. P Cryoprecipitate of the probands;
F cryoprecipitate of the fathers; M cryoprecipitate of
mothers. The three other wells have been filled with
normal cryoprecipitate.
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cryoprecipitate the migration pattern was the same
as the one of the control, only decreased in size
(fig 6).

Isolation of Factor VIII on a Sepharose 4 B Column

Isolation of factor VIII on a Sepharose 4 B column
was carried out using the cryoprecipitate of the
father (I1 of family 1) assumed to be a heterozygote.

After step-wise alpha-chymotryptic digestion,
7 ml of plasma cryoprecipitate was placed on a
2-5 by 50 cm column packed with Sepharose 4 B.
Factor VIII coagulant activity was eluted in the
void volume and the elution peak was identical to
the peak obtained with normal cryoprecipitate
(fig 7); factor-VIII-related protein was eluted in the
same fraction as factor VIII coagulant activity but
in a reduced amount compared with a normal
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Fig 5 Double-dimensional electroimmunodiffusion
pattern of the cryoprecipitate of one heterozygous
member offamily 3 (II); (a) normal cryoprecipitate;
(b) patient's cryoprecipitate.

Fig 6 Double-dimernsional electroimmunodiffusion
pattern of the plasma ofone heterozygous member of

Fig 5 family 3 (II); (a) normal plasma, (b) patient's plasma.

cryoprecipitate. Ristocetin-induced aggregation
activity of these fractions correlated with factor-
VIII-related antigen concentration.

Discussion

Von Willebrand disease has a variable clinical
expression from one case to another. In some very
severely affected patients, the literature suggests the
possibility of homozygosity. In some cases this
suggestion is based on positive data, such as moder-
ate abnormalities in both parents, as in a family

reported by Barrow, Heindel, Roberts, and Graham
(1964) and in two of the families reported by Silver
(1973). But this mode of inheritance is mainly
suggested by indirect or negative arguments: the
high frequency of consanguineous parents (Comu,
1965) and the absence of bleeding disorders in both
parents of severely affected children (Verstraete,
1963).
The three families we report here showed both

these characteristics. Two of them are consanguine-
ous and no bleeding tendency or abnormal bleeding
time could be found in the parents.
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Detection of heterozygotes in both parents of homozygous patients with Von Willebrand's disease
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Fig 7 Sepharose 4B Elution pattern on the cryo-precipitation of I, (family 1).

The three probands have in common a severe

bleeding disease with bleeding times over 30 minutes,
very low factor VIII coagulant activity, no factor-
VIII-related antigen, and the absence of the plasma
factor necessary for ristocetin-induced platelet
aggregation. In contrast to this severe haemorrhagic
disease the parents in the three families have no

bleeding tendency and a normal bleeding time. With
the three tests previously used, namely, bleeding
time, platelet retention on glass beads, and factor
VIII coagulant activity, in none of the three families
could heterozygotes be detected. In two cases,
factor VIII coagulant activity was slightly decreased
(I1 of family 1 and 112 of family 3) in one of the
parents, suggesting the possibility of a dominant
inheritance through one of the parents.
Immunological assays for factor-VIII-related

antigen and ristocetin assay for Von Willebrand
factor have demonstrated decreases in factor-VIII-

related antigen and Von Willebrand factor in both
parents, leading to the postulate that both parents
are heterozygotes.

Moreover, in the third family presented, the three
children show the three possible patterns for
recessive inheritance: (MIlI) is normal, (M112) is the
proband and is a homozygote, and (1113) is a hetero-
zygote.

In heterozygous members of the family, the
decreases in factor-VIII-related antigen and Von
Willebrand factor suggest the following conclusions.
(1) There appears to be no relationship between
factor VIII coagulant activity which is, in most
cases, in the normal range, and factor-VIII-related
antigen or Von Willebrand factor which are lower
than the normal range. (2) Platelet retention on glass
beads, when tested, was normal and the bleeding
time in all heterozygotes was normal. One can assume
that this low level of factor-VIII-related antigen is
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sufficient to provide at least a normal bleeding time
and to provoke a normal adhesion/aggregation of
platelets to subendothelial tissue.
Immunological studies by the immunodiffusion

method or double-dimensional electrophoresis and
isolation of factor VIII on Sepharose 4 B failed to
show any difference between normal factor-VIll-
related antigen and factor-VIII-related antigen in
heterozygous patients suggesting that the disorder
in these families is purely a quantitative one.
These experiments lend further substance to the

inheritance theories in Von Willebrand's disease
(Graham, 1973). The detection of heterozygotes for
Von Willebrand's disease by these two tests seems to
demonstrate that unaffected subjects can carry the
defect and that carriers may be more frequent than
previously supposed. The heterozygous defect has
very variable penetrance: all the way from no

phenotypic disease, as in both parents of the three
families, to a fairly severe clinical disease, and the
extremely severe cases of Von Willebrand's disease
could represent homozygous patients.
Barrow and Graham (1964) suggest that homo-

zygote and heterozygote patients with Von Wille-
brand's disease may have a different response to
haemophilic plasma infusions. The response of our

patients to plasma infusions appears to offer a
further opportunity for understanding the genetic
problems raised by this disease and is now under
investigation.
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