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A B S T R A C T A variant of von Willebrand's disease
has been identified in which sodium dodecyl sulfate
agarose electrophoresis provides evidence that the von
Willebrand factor present is structurally abnormal.
Rather than the repeating triplet seen in normal sub-
jects and in patients with the IIA and IIB variants, a
repeating doublet was present in the propositus. None
of the bands had the same mobility as bands in normal
subjects or previously described von Willebrand's dis-
ease patients. The larger multimers of von Willebrand
factor were lacking both from plasma and platelets,
and did not appear in the circulation after infusion of
1-deamino-[8-D-arginine]-vasopressin. There was a
marked increase in the concentration of the smallest
multimer in the propositus and his phenotypically nor-
mal children, indicating that this abnormality of von
Willebrand factor is inherited in an autosomal-reces-
sive manner.

INTRODUCTION
Von Willebrand factor exists in plasma as a series of
multimers extending in size from approximately
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M, = 0.85 X 106 to over Mr = 14 X 106 (1, 2). However,
these relative molecular weight values were calculated
from relative mobilities in unreduced sodium dodecyl
sulfate (SDS) agarose gels, and are likely to be over-
estimates of true relative molecular weight values (3,
4). The large multimers appear to be the most he-
mostatically important and are missing from the
plasma of individuals with type II (variant) von Wil-
lebrand's disease (1, 5). Wehave recently shown that
in normal plasma each multimer actually consists of
a triplet represented by a predominant central band
and two less prominent adjacent bands (4). In subtypes
IIA and IIB von Willebrand's disease, the repeating
unit is also a triplet and mobilities of all bands are the
same as in normal subjects (4). In type IIA, however,
the fastest migrating member of the triplet is increased
in quantity out of proportion to the others (4).

Wehave now identified a new variant of von Wil-
lebrand's disease in which the repeating unit consists
of only two bands, rather than three. In addition, nei-
ther band has the same mobility as those present in
normal, IIA, or IIB triplets. Lastly, a marked increase
in the concentration of the smallest multimer was pres-
ent in the propositus and in his asymptomatic, pre-
sumably heterozygous, children. These findings pro-
vide evidence that the von Willebrand factor in this
variant is structurally abnormal and that this abnor-
mality is inherited in an autosomal-recessive fashion.
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METHODS
Patients and controls. The patients described in this

study, as well as other normal volunteers from the Malmo
and Milan Hospital staffs, were aware of the experimental
nature of this study and gave their informed consent. The
protocol for infusion of 1-deamino-[8-D-arginine]-vasopres-
sin (DDAVP)' was approved by the appropriate health au-
thority of Sweden, where treatment was actually performed.
The classification for the previously reported subtypes of von
Willebrand's disease has been published (5, 6).

Procedures. Blood samples were collected by clean ve-
nipuncture and processed as described (6). Factor VIII pro-
coagulant-activity, Factor VIII/von Willebrand factor-re-
lated antigen, ristocetin cofactor activity, and bleeding time
were performed as previously published in detail (6).

The multimeric distribution of von Willebrand factor was
analyzed in citrated plasma and platelet lysates by thin-layer
agarose electrophoresis in the presence of SDS, using a dis-
continuous buffer system according to a method recently
described (4). The bands corresponding to von Willebrand
factor multimers were identified in the gels by reaction with
'251-labeled affinity-purified specific antibodies (emu anti-
human von Willebrand factor) followed by autoradiography.
No bands were identified in plasma from patients with severe
von Willebrand's disease (4).

DDAVPwas infused intravenously following a protocol
previously described (6). Platelet lysates for analysis of the
multimeric composition of platelet-associated von Wille-
brand factor were prepared as reported (1). Protease inhib-
itors were added before lysis, and lysates were electropho-
resed within 1 h from preparation (1). Binding of plasma
von Willebrand factor to washed platelets in the presence
of ristocetin was assessed as previously described (7).

RESULTS

The propositus was a 39-yr-old male, attending the
Hemophilia Center in Malmo, Sweden, who had mod-
erate bleeding symptoms and a markedly prolonged
bleeding time. There was no family history of a bleed-
ing diathesis. Both paternal and maternal families orig-
inated from the same isolated village in Sweden. The
routine laboratory findings in the propositus and his
children are summarized in Table I.

Plasma was obtained from the propositus and his
children on three separate occasions over a period of
6 moand analyzed by SDSagarose gel electrophoresis
using a discontinuous buffer system and 2.5% agarose
(Figs. 1 and 2).

As with other type II variants of von Willebrand's
disease, the larger multimers were absent from plasma,
and, as in type IIA, were absent from platelets as well.
However, the multimeric structure of the propositus'
von Willebrand factor differed from that of normal
as well as that of subtypes IIA and IIB von Willebrand's
disease in several important respects. Most striking was
the absence of the two bands adjacent to the central
predominant band in each triplet (Fig. 1). In addition,

I Abbreviation used in this paper: DDAVP, 1-deamino-
[8-D-arginine]-vasopressin.

TABLE I
Clinical Expression and Routine Laboratory Data

Wee5ding Ivy Weeding
symptoms time VillC VIIIR:Ag VIIIR:RCo

nii UIl/dl
Normal - <9 >50 >50 >50
Propositus (Male) Moderate >30 67 50 10
Daughter None 9 95 95 60
Son None 6 120 120 96

VIIIC, Factor VIII procoagulant activity; VlIIR:Ag, Factor VIII/
von Willebrand factor-related antigen; VIIIR:RCo, ristocetin co-
factor activity.

a new band was present in the space that normally
intervenes between triplets. Thus, the repeating unit
of the propositus' multimeric pattern contained two
bands, instead of three. Examination of plasma from
50 normal subjects and from 80 patients with type I,
IIA, and IIB von Willebrand's disease failed to disclose
the intervening band seen in the propositus.

Two additional abnormalities of the propositus'
multimeric structure were observed. First, the pre-

Pr I IA NP

{Q *-nm -
.....^

.....

*_ e .

qmmw

FIGURE 1 SDS (0.1%) agarose (2.5%) gel of von Willebrand
factor in plasma of the propositus (Pr), an individual with
IIA von Willebrand's disease (IIA), and a normal individual
(NP). After electrophoresis, the gel was fixed in isopropanol-
acetic acid, reacted with '251-affinity-purified anti-von Wil-
lebrand factor antibody, and an autoradiograph was made.
The right-hand bracket includes the repeating triplet in both
normal individuals and IIA von Willebrand's disease pa-
tients. The left-hand bracket indicates the repeating doublet
in the propositus. It can be seen that bands with similar
mobility are present in the plasma of normal individuals and
IIA patients (connected by the lines between the middle and
right-hand lanes), whereas the major repeating band in the
propositus has a slower mobility than the major band in nor-
mal individuals and IIA patients, and the minor band in the
propositus does not have an analogous band in normal in-
dividuals or IIA patients. The lettering has been placed at
the bottom edge of the sample wells in the stacking gel.
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FIGURE 2 The entire SDSagarose gel from which Fig. 1 was
taken. From left to right: plasma from a normal individual
(NP), platelet extract from the propositus (Pr plat), plasma
from the propositus (Pr), plasma from a patient with IIA von
Willebrand's disease (IIA), an additional normal plasma
(NP), plasma from the son (S), and platelet extract from the
son (S plat).

dominant band had a slightly slower migration rate
than that of normal individuals or individuals with
type IIA von Willebrand's disease (Fig. 1). In addition,
the fastest moving multimer identified on agarose gels
was markedly increased as compared with that from
other variant or normal individuals. All the abnor-
malities displayed by plasma von Willebrand factor
were present in platelet von Willebrand factor as well
(Fig. 2), and administration of DDAVPdid not change
the abnormal plasma pattern.

The propositus' son and daughter had (a) no bleed-
ing symptoms, (b) normal bleeding times, and (c) nor-
mal measurements of Factor VIII/von Willebrand f ac-
tor-related activities and antigens (see Table I). More-
over, SDS agarose electrophoresis showed that large
multimers were present (Fig. 2). However, character-
istic alterations of multimeric structure were also ev-
ident. The bands adjacent to the predominant triplet
band were poorly defined (Fig. 2). More importantly,
the fastest moving multimer showed the same dispro-
portionate increase as was present in the propositus
(Fig. 2).

The propositus' von Willebrand factor failed to bind
to normal platelets in the presence of ristocetin,
whereas normal binding was observed with von Wil-
lebrand factor from his two children.

DISCUSSION

Multimeric analysis of the von Willebrand factor in
the propositus provided direct evidence of a structural
abnormality. First, the characteristic repeating triplet
present in normal von Willebrand factor is replaced
with a doublet. Secondly, neither of the bands in the

doublet has the same mobility as those in normal von
Willebrand factor. These findings contrast with sub-
type IIB in which the triplet pattern is present, and
with subtype IIA in which the triplet pattern is also
present, though with a disproportionate increase in the
concentration of the fastest migrating band (4). Pep-
tide maps of IIA von Willebrand factor have failed to
demonstrate a difference from normal von Willebrand
factor (8).

Though extensive family studies were not possible,
it is apparent that the mode of inheritance of this form
of von Willebrand's disease differs from that of pre-
viously described variants. The family history on both
paternal and maternal sides was completely negative
for bleeding symptoms. This is often observed in the
so-called autosomal-recessive form of severe von Wil-
lebrand's disease which, unlike this case, is character-
ized by extremely low levels of plasma and platelet
von Willebrand factor (5). The son and the daughter
of the propositus were clinically normal and although
their von Willebrand factor possessed a normal com-
plement of large multimers, abnormalities present on
SDS agarose electrophoresis indicated that they were
heterozygous for the defect displayed by their father.
Thus, it is probable that the propositus was homozy-
gous or doubly heterozygous for the genetic abnor-
mality or abnormalities that gave rise to his structur-
ally altered von Willebrand factor protein.

A previously reported family may have had the same
abnormality as the one described here (9). However,
only crossed immunoelectrophoresis was used to dem-
onstrate the von Willebrand factor abnormality and
therefore the multimeric structure could not be eval-
uated. Nevertheless, there was a distinct peak in the
most rapidly migrating portion of the crossed immu-
noelectrophoresis pattern of the heterozygotes. This
peak probably corresponds to the smallest multimer,
which is so markedly increased in the heterozygotes
reported here.

The propositus, like IIA and IIB patients, lacks the
large multimers of von Willebrand factor in plasma.
Therefore, we have chosen to designate this form of
von Willebrand's disease as type IIC. Further inves-
tigation of the molecular abnormality present in this
variant should provide new insights into the structure
of von Willebrand factor and its genetic control.
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