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Summary. We encountered a patient with variant of
type 2B von Willebrand disease (vWD) who showed
increased ristocetin-induced platelet aggregation, per-
sistent thrombocytopenia, spontaneous platelet aggre-
gation and normal vWF multimeric pattern in his
plasma. However, we could not find any responsible
mutations in or around the 505-695 disulfide loop (Al
loop) of the von Willebrand factor (vWF), at which all
type 2B vWD candidate mutations have been reported
to be clustered.

This suggests that an unidentified vWF functional
domain facilitating binding to platelet GPIb may exist
at a site other than the Al loop and the surrounding
region.

Key words—type 2B von Willebrand disease, von Wille-
brand factor, Al domain, gene analysis.

INTRODUCTION

Von Willebrand disease (vWD) is a hereditary
hemorrhagic disorder due to either quantitative (type
1 and 3) or qualitative (type 2) abnormalities of the
von Willebrand factor (vWF)". Type 2B vWD is a
subtype of vWD characterized by autosomal domi-
nant inheritance and selective loss of the high molec-
ular weight (HMW) vWF multimers from the
plasma. In addition, type 2B vWF exhibits a marked-
ly increased affinity for platelet glycoprotein Ib,
resulting in increased ristocetin-induced platelet
aggregation (RIPA) at low concentrations of ris-
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tocetin®.

The vWF gene mutations responsible for type 2B
vWD are nearly all clustered within the short peptide
segment between Met 540 and Arg 578 located on the
loop defined by the intracellular disulfide bond bet-
ween Cys 509 and Cys 695 of the mature subunit of
vWF (Al loop)®. However, several mutations located
outside the Al loop (Pro 503 to Leu, His 505 to Asp,
Leu 697 to Val, Ala 698 to Val at the surrounding
region of the Al loop) have also been identified as
causing type 2B vWD*=7,

In the present study, we report a variant of type 2B
vWD characterized by persistent thrombocytopenia,
enhanced RIPA, normal vIWF multimeric distribution
in plasma, and no responsible mutations in or around
the Al loop.

MATERIALS AND METHODS

Patient

The patient, an 80-year-old male, had a life-long
history of a bleeding tendency. Low platelet counts
were first detected when he was in his thirties. His
father had also a life-long bleeding tendency and died
of a cerebral hemorrhage at the age of 91 years. Of
his two sons and one daughter, the second son had a
bleeding tendency with low platelet counts. In Decem-
ber 1952, the patient was involved in a traffic accident
and was admitted to a local hospital. He showed a
marked bleeding tendency and required a blood trans-
fusion. At that time, thrombocytopenia and a pro-
longed bleeding time were again detected, and he was
diagnosed with chronic idiopathic thrombocytopenic
purpura. In 1999, he suffered from periodontitis and
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required a tooth extraction. In consideration of his
bleeding tendency, he consulted our department.

His platelet counts were always low (4.5-7.0 X 10%/
u1) and bleeding time was longer than 15 min as
measured by a modified Ivy technique. There were no
morphologically abnormal platelets in his peripheral
blood smear samples. The level of platelet associated
IgG was normal (15.7 ng/10” platelets). The findings
from repeated blood coagulation and fibrinolysis tests
were as follows: prothrombin time, 11.5-15.5 sec
(76.9-109.89%); activated partial thromboplastin time
(APTT), 34.4-45.5 sec (normal control 31.2-34.6 sec);
fibrinogen, 143-230 mg/dl; fibrinogen degradation
products, 1.80-2.68 xg/ml. These findings indicate
that the APTT was slightly prolonged. Dysfunction
of the liver or enlargement of the spleen was not
evident.

Values for factor VIII procoagulant activity (one-
stage APTT assay using factor VIII-deficient sub-
strate plasma, Behring Diagnostics GmbH, Ger-
many), vWF antigen (VWF: Ag, Asserachrom vWF,
Boehringer-Mannheim, USA), and ristocetin cofactor
activity (von Willebrand Reagent, Dade Behring
Marburg GmbH, Germany) were 56.0-73.3%, 73-90%
and 76-969%, respectively, indicating the values to be
subnormal or slightly lower than those within the
normal ranges.

VWF multimer analysis

Multimeric composition of vWF was analyzed by
electrophoresis in 0.19 SDS-2.5% agarose gel®. This
was followed by Western blot detection with transfer
of the multimers to a polyvinylidene difluoride mem-
brane (Immobilon™, Millipore, Bedford, USA), reac-
tion with a primary polyclonal rabbit antihuman
antibody to vWF (Behring, Westwood, USA) and
detection with a secondary goat antirabbit IgG alka-
line phosphatase-conjugated antibody (Fisher Scien-
tific, Pittsburgh, USA). The vWF multimeric pattern
was compared with a normal human control sample.

Ristocetin-induced platelet aggregation study

Venous blood was collected into polyethylene tubes
containing 1/10 vol of 3.89§ sodium citrate from the
patient and a normal volunteer after at least 12 h of
fasting. Platelet-rich plasma (PRP) was obtained by
centrifugation at 150 g for 10 min at room tempera-
ture. Platelet-poor plasma (PPP) was obtained by
further centrifugation at 1,500 g for 10 min. In the
normal control, platelet counts in the PRP were
adjusted using PPP as a diluent, because the patient’s
platelet counts were low. The aggregation induced by

ristocetin (Lundbeck, Copenhagen, Denmark) was
measured in 200 gl of PRP by the turbidometric
method described by Born® using a NKK-Hema-
Tracer 1 aggregometer (NIKO Bioscience, Tokyo,
Japan).

To investigate the effect of the patient’s plasma on
the low concentration of ristocetin (0.5 or 0.75 mg/
ml)-induced aggregation in normal PRP, 100 u«! of the
patient’s plasma was added to 100 gl of the normal
PRP.

Mixing studies of ristocetin-induced platelet aggre-
gation

Washed platelets were obtained as previously de-
scribed!®. Briefly, prostaglandin E, (PGE,) (Sigma
Chemical Co., St. Louis, USA) was added to PRP
from a normal volunteer at a concentration of 0.5
ng/ml to prevent platelet aggregation during the
subsequent manipulation. Platelets were then pellet-
ed from PRP by centrifugation at 850 g for 15 min.
The platelet pellet was washed with 10 mM Tris/1
mM EDTA/saline buffer at pH 7.5 twice and was
finally suspended in patient PPP or normal PPP, and
the induced platelet aggregation was assessed follow-
ing the addition of ristocetin at 0.5 mg/ml.

Inhibition studies of ristocetin-induced platelet
aggregation

Inhibition of ristocetin-induced platelet aggrega-
tion by anti-GPIb antibodies was tested by adding
mouse monoclonal antibodies SZ2 (Immunotec, Mar-
seilles, France)'” at 20 ug/ml to 10x10*/ul healthy
control platelets suspended in patient PPP. After the
reaction mixture was allowed to stand for 3 min at
37°C, platelet aggregation was measured following
the addition of ristocetin at 0.5 mg/ml.

Binding of patient’s vWF: Ag to normal washed
platelets

Two volumes of test plasma from the patient or
normal subjects and one volume of ristocetin solution
were mixed thoroughly. One volume of a suspension
of normal washed platelets (40 X 10*/«1) in Tris-saline
buffer containing 5 mg/ml bovine serum albumin
(Sigma Chemical Co., St. Louis, USA) was then added
and shaken gently. The mixture was incubated at
37°C for 15 min without further shaking and then
centrifuged at 2,500 g for 15 min. The residual concent-
ration of vVWF: Ag in the supernatant was measured
and expressed as a percentage of the control value, in
which the buffer was added in place of ristocetin.
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Binding affinity of patient’s washed platelets for
normal vWF: Ag

Two volumes of pooled normal plasma and one
volume of ristocetin solution were mixed thoroughly.
One volume of platelet suspensions (40x10%/x1) pre-
pared from normal subjects or the patient was added
to this, shaken gently, and then rested at 37°C for 15
min. After centrifugation at 2,500 g for 10 min, the
supernatant was assayed for vWF: Ag.

Polymerase chain reaction amplification and
sequencing of vWF exon 28

Polymerase chain reaction (PCR) amplifications
were performed on genomic DNA extracted from
peripheral blood mononuclear cells. The 5 part of
exon 28 of the vWF gene (residues 463-822) was
amplified using the previously reported primers 226
and 227A'. These primers allow the specific amplifi-
cation of the gene sequences without coamplification
of the pseudogene sequences. Amplifications were
performed using 2.5 U of Taq polymerase (Ampli
Taq Gold, Perkin-Elmer Co. Ltd., NJ) dissolved in
PCR buffer in a 100 xl reaction volume containing
0.2 mM of each ANTP and 0.5 uM of each primer.
The PCR profile consisted of 10 min preincubation at
957 followed by 45 cycles of 1 min of denaturation at
94°C, 1 min of annealing at 60°C, 1.5 min of polymer-
ization at 72°C, and finally 10 min of extension at
72°C. The PCR products were sequenced by the
dideoxy chain termination method with a Model 310
automated DNA sequencer (Perkin-Elmer Japan
Applied Biosystems Division, Tokyo, Japan).

RESULTS

VWF multimer analysis

The electrophoretic pattern obtained from the
patient plasma showed a full range of vWF
multimers, and did not give any evidence of a lack of
high and intermediate molecular weight forms of
vWF (Fig. 1). This indicates that the patient’s vWF
multimeric pattern was normal.

Ristocetin-induced platelet aggregation

The addition of ristocetin to the patient PRP
resulted in platelet aggregation at concentrations (0.5
mg/ml) that never produced aggregation in normal
subjects, and 1.0 mg/ml of ristocetin induced an
almost full aggregation in the patient PRP (Fig. 2).
This suggests that PRP from the patient was more

Fig.1. 0.1% SDS-2.5% agarose gel electrophoresis of
plasma vWF in the patient (P) and a normal control (N).
The origin is at the top and the anode at the bottom.
Samples from the patient and from a normal volunteer
were probed with anti-vWF polyclonal antibodies. Num-
bers correspond to the various multimers of the vVWF
protomer numbered 1. Note that multimeric bands includ-
ing the full range of vWF multimers are observed in the
patient plasma as well as normal plasma.

sensitive to the induction of platelet aggregation by
ristocetin. Furthermore, spontaneous platelet aggre-
gation (SPA) was observed in the patient PRP (Fig.
3). These findings are typical of previous findings in
type 2B and pseudo - or platelet-type vWD.

Enhanced capacity of patient plasma to induce
ristocetin aggregation

Addition of patient plasma (100 1) to normal PRP
(100 w1) did not cause SPA, but evoked platelet
aggregation induced by low concentrations of ris-
tocetin (0.5 and 0.75 mg/ml) (Fig. 4). In addition,
ristocetin at 0.5 mg/ml induced platelet aggregation
in the combination of normal washed platelets and
patient PPP, and this aggregation was completely
abolished by mouse monoclonal anti-GPIb antibodies
SZ2 (Fig. 5). However, it was not inhibited by control
mouse IgGl (data not shown). These findings suggest
that the patient plasma is responsible for the enhan-
ced ristocetin-induced GPIb dependent aggregation.



14 I. FUSE et al.:

Patient

1.0
R 100¢
C
k-]
8 0.5
£
@ 50
¢
‘uco L 0.25
3 0

min

1001 ~
2.0 %

1.5 é

50 b 1.25 ¢
1.0 o

Q

[=]

]

[+ 4

ol 4 0.5

Normal control

Fig. 2. Ristocetin-induced platelet aggregation in PRP from the patient and a normal control.
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Fig. 3. Spontaneous platelet aggregation in the patient PRP.

Binding studies of vWF: Ag to platelets

Binding studies of vWF: Ag to platelets were
performed in combinations of washed platelets and
PPP from the patient and normal controls. Increased
binding of patient vWF to normal washed platelets
was observed at low concentrations of ristocetin (Fig.
6A). However, normal vWF did not show an in-
creased binding to the patient platelets (Fig. 6B).
These findings suggest that the patient vWF had a
higher affinity for platelets.

Nucleic acid analyses

In this patient, we found two base substitutions
located inside the Al loop. One was a silent mutation

(CCA—-CCG, Prob574) and the other was a deduced
amino acid substitution of Thr (ACC) for Ala618
(GCC). In addition, we found two base substitutions
located outside the Al loop, which resulted in amino
acid substitutions of Asp709 to His and Val802 to
Leu, respectively. However, these base substitutions
were also identified in the genomic vWF genes iso-
lated from twenty healthy controls. Therefore, all
these amino acid substitutions can be considered
polymorphisms and are not responsible for the novel
disease phenotype observed in the present study®®.

DISCUSSION

The findings of the present study indicated that this
patient exhibited features of type 2B vWD. This was
demonstrated by the heightened response to ris-
tocetin in PRP, the enhanced capacity of patient
plasma to induce RIPA, and the increased binding of
patient vWF to normal washed platelets in the pres-
ence of low concentrations of ristocetin. Pseudo-or
platelet type vWD was excluded by demonstrating
that washed patient platelets did not show an in-
creased binding of normal vWF in the presence of
ristocetin.

However, in contrast to typical type 2B vWD, the
present case did not show a lack of HMW vWF
multimers in plasma despite the presence of SPA and
persistent thrombocytopenia. This suggests that the
patient vVWF had sufficient capacity to cause SPA
vitro and thrombocytopenia in wvivo, but its large
multimer could not easily be cleared from the
plasma. The normal vWF multimeric pattern in type
2B vWD has been reported in several cases: type 2B
New York!'®, type 2B Malmo' and type 2B Hiro-
shima'®. However, persistent thrombocytopenia was
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Fig. 4. Enhancement of ristocetin-induced platelet aggregation in PRP from a normal subject by patient

plasma.

One hundred microliters of normal or patient’s plasma was added to 100 #1 of normal PRP, and spontaneous
platelet aggregation (SPA) was observed in each mixture. After that, low concentrations of ristocetin (0.5 and
0.75 mg/ml) were added to the mixture. The patient’s plasma did not cause SPA, but 0.5 or 0.75 mg/ml of
ristocetin induced platelet aggregation in the mixture consisting of normal PRP and patient plasma, which was
not observed in the mixture consisting of normal PRP and normal plasma.

not found in patients with type 2B New York or type
2B Malmo. Im type 2B Hiroshima, chronic throm-
bocytopenia was found, but not SPA. Taking these
reports into consideration, the present case demon-
strates features other than those in previously report-
ed patients.

In type 2B vWD, most of the vWF mutations
identified are located within the Al loop. Four
different mutations located outside the Al loop have
also been identified, as described in the Introduction.
With respect to type 2B vWD showing a normal vWF
multimeric pattern in plasma, Pro 503 to Leu located
outside the Al loop was reported to be responsible in
type 2B New York and type 2B Malmo?®. In type 2B
Hiroshima, the deduced amino acid substitution of
Thr for Ala618 in the Al loop, which was also pres-
ent in our case, was found. However, it was polymor-
phic, and no responsible mutations were found at the
Al loop or the surrounding region. In the present
case, we could not find any responsible mutations at
the Al loop or the surrounding region as have been
reported in type 2B vWD. In view of this, the present
case closely resembles type 2B Hiroshima.

It is generally assumed that the binding of vWF to
the subendothelium would be followed by a confor-
mational change'” resulting in the direct binding of
the larger multimers to platelet GPIb. The GPIb-
binding domain was identified on a 52/48-kD tryptic
fragment beginning with amino acid residue 449'®.
Furthermore, residues 494-511 and 692-708 have been
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Fig. 5. Mixing studies of ristocetin (0.5 mg/ml)-induced

platelet aggregation and the effect of monoclonal anti-
bodies against GPIb on the aggregation. A. Normal plate-
lets+patient PPP. B. Normal platelets+normal PPP. C.
Normal platelets+ patient PPP+anti-GPIb monoclonal
antibodies (SZ2, 10 pxg/ml).
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Fig. 6. The binding of patient vWF to normal washed platelets (A) and the binding of normal vWF to washed

patient platelets (B) in the presence of ristocetin.

Washed platelets from normal subjects or the patient were incubated with normal or patient plasma for 15 min
at 37°C. Platelets were separated and residual vWF: Ag in the supernatant was assayed and expressed as a
percentage of the control value, in which ristocetin was replaced by a buffer. The normal ranges obtained from
10 normal subjects are shown by the dotted areas. (@—@), patient PPP+normal washed platelets (Mean of
duplicate), (O—0O), patient washed platelets+normal PPP (Mean of duplicate).

reported to play a role in the conformation of the Al
loop by limiting exposure of the GPIb-binding
site®5-72020  However, no mutations were found at
these sites in the present study.

To date, there have been many studies on the
molecular bases needed for the function of vWFE.
However, almost all the information deals with the
basal subunit'® and we do not have detailed know-
ledge about the three-dimensional structure of impor-
tant functional domains of vWF, including the Al
loop. Considering that the conformational change of
vWF is important to bind to GPIb, it is likely that a
new and unidentified functional vWF domain, which
induces the conformational change of the Al loop to
result in facilitative binding to platelets, is respon-
sible for this disease phenotype. Recently, Obert et al.
22) reported that the conformational changes in the
A3 domain of vWF were important to modulate the
interaction of the Al loop with platelet GPIb. Further
investigation will be needed to clarify the mechanism
of enhanced vWF-GPIb binding in the present
patient.

In conclusion, although no responsible mutations at
the Al loop or the surrounding region could be
identified in the patient vWF, this study provides new
insights into vVWF-GPIb binding physiology.
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