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A B S T R A C T The Factor VIII/von Willebrand fac-
tor protein was characterized in two unrelated patients
with von Willebrand's disease in whom procoagulant
and Factor VIII/von Willebrand factor antigen levels
were normal. In both patients evidence of an abnor-
mal protein was observed on crossed antigen-antibody
electrophoresis. In one patient the Factor VIII/von
Willebrand factor protein eluted from Sepharose 4B in
a position and distribution identical to normal with
normal levels of procoagulant activity and antigen.
However, the partially purified Factor VIII/von Wil-
lebrand factor protein had markedly reduced von Wil-
lebrand factor activity in a ristocetin assay. In the sec-
ond patient the peak of Factor VIII/von Willebrand
factor protein, antigen, and procoagulant activity
eluted from a Sepharose 4B column with an estimated
molecular weight of approximately half that of normal.
This protein had no von Willebrand factor activity.
In both patients the reduced Factor VIII/von Wille-
brand factor protein subunit was indistinguishable
from normal on polyacrylamide gel electrophoresis.
These studies indicate that in some patients with von
Willebrand's disease there is a qualitative defect of
the Factor VIII/von Willebrand factor protein; the
total amount of protein, antigen, and procoagulant ac-
tivity are normal while the von Willebrand factor ac-
tivity is deficient.

INTRODUCTION
The human Factor VIII/von Willebrand (F.VIII/
vWF)' protein in normals and hemophilia A has been
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characterized as a high molecular weight glycoprotein
with a major subunit of 195,000-240,000 mol wt (1-6).
In severe von Willebrand's disease (vWD), the de-
ficiency of procoagulant and vWF activity (as judged
by the ristocetin assay) is associated with a marked de-
ficiency or absence of the F.VIII/vWF protein (7-8).
Immunologic studies of hemophilia A plasma or

plasma concentrates have revealed a normal or ele-
vated level of antigen despite the severe deficiency of
procoagulant activity. In vWD there is usually a good
correlation between the procoagulant F. VIII, antigen
levels, and the vWF activity as judged by ristocetin-
induced platelet aggregation (7). To account for these
observations it has been suggested that there is a
quantitative reduction of a normal protein in von Wil-
lebrand's disease while there is a normal amount of an
abnormal protein in hemophilia A.

Recently four different vWD families have been de-
scribed in whom some individuals were found to have
normal procoagulant F. VIII and antigen levels but
defective vWF activity (9-12). These findings were
interpreted as being suggestive of a qualitative rather
than a quantitative defect in the F.VIII/vWF protein.
To assess this we investigated the F.VIII/vWF pro-
tein in two vWD patients from two different families
who demonstrated normal levels of F.VIII/vWF anti-
gen and procoagulant activity but deficient vWF
activity.

tor VIII/von Willebrand factor, the partially purified
material from normal cryoprecipitate having the biologic
properties of (a) correcting the coagulation defect in
hemophilic plasma and (b) correcting the defect in platelet
retention in a glass bead column and interacting with
ristocetin to induce aggregation of von Willebrand's disease
platelets or normal platelets made unresponsive to risto-
cetin; Kay, distribution coefficient, (elution volume of sam-

ple-V0)/(Vt- V); vWD, von Willebrand's disease;
vWF, von Willebrand's factor.
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TABLE I

Laboratory Dala on ITwo IIl'1; Patients, I heir IFamilies, iand 50 Norm(al .Stl1jec(ts

F.XIII
Pedigree Bleedinlg

SEXS Lillie'

Ot i II

vW I
Parents

II M$
I2 F prop

Children
I,, F
14 A\I
I WI
Is
I7 \AI
IS AI
19 F
hlo F
Ill F

F.VIII
Platelet procoalgtPlant related
tet vIt ion ait ivitv ant igen

i/0 'i /C

6 53 (S)
16-20 10-15(B)

9
7

9-15
>30
20
11

>30
8

>30

ND
31 (S)
17 (B)
8 (B)
16 (B)
94 (B)
3 (B)

95 (B)
12 (B)

108 ND
90 72-80

115-136
150
130

9
40
110
10

115
16

120
140
100

0
10
85
0

115
0

Cro-ssed antigen-
(1 lltiblodei

NANTI elec(t rol-Xl)rI)I'E hi

ND
10-15

100
126
42
0
0

41
0

57
0

NI)
Abnormal

Normal
Normal
Abnormal
No arc
No arc
Abnormal
No arc
Abnormal
No arc

4 94 (B)
7 86 (B)

125

140
112
195

50 Abnormal

175 Normal

I1 3 F prop >30

Normal <10

10(B)

S, >25
B, >65

74-120 70-90 <5 Abnormal

52-180 45-150* 56-120

B, Bowie technique; ND, not done; prop, proposita; S, Salzman technique.
* Electroimmunoassay technique.
I Decreased.

METHODS

Patients. The normal individuals were volunteer blood
donors. The patients with severe vWD had abnormal plate-
let retention upon passage of blood through a glass bead
column, prolonged bleeding times, and low procoagulant F.
VIII levels during several years of observation (7). Patient
vW I2 (a woman) has had occasional episodes of spon-
taneous or traumatic hemorrhage, while patient vW II3 (a
woman) has had a severe bleeding diathesis (see Table I).
Procoagulant factor VIII level, antigen level, platelet re-
tention, ristocetin-induced platelet aggregation, and bleeding
time were tested on each vWD patient and on 50 normals.
None of the patients in this study had received plasma or
plasma concentrates for 3 mo before the studies performed
on their cryoprecipitate or plasma. Patient vW II3 received
a preoperative infusion of cryoprecipitate (20 U procoagu-
lant F. VIII/kg). This was a therapeutic infusion, and the
patient was informed about the risk of hepatitis. The plas-
mas from which the infusion material was prepared were
tested for hepatitis-associated antigen and were found to be
negative. Neither patient was receiving any medications,
especially oral contraceptives or drugs that might affect
platelet function. Likewise, they were not under any stress
such as pregnancy or central nervous system stimulation,
or in any anxiety or hyperactive state.

Cryoprecipitate and plasma. Cryoprecipitate was prepared
from the plasma obtained from a 1-U plasmapheresis per-
formed on 15 normal individuals, three patients with severe
vWD, and the two vWD patients (vW I and vW II) under
study. The blood was collected in plastic bags containing
1/9 vol 4% sodium citrate (Fenwal Incorporated, Ashland,
Mass.), and after centrifugation at 5,000 g at 4'C for 15
min, the plasma was removed and respun. The cell-free
plasma (240±20 ml/plasmapheresis U) was immediately
froze at - 30'C. The cryoprecipitate was prepared in the
smallest volume possible by thawing the plasma at 4'C
overnight and centrifuging at 5,000 g for 15 min at 40C.
The supernatant material was decanted, and then the cryo-
precipitate was warmed to 37'C. The volume was measured
and brought to a total of 10 ml by the addition of super-
natant plasma. The cryoprecipitate was prepared and
used fresh for the following experiments. Both the cryo-
precipitate and supernatant plasma were tested for antigen
content. Hyland Method IV (a F. VIII concentrate pre-
pared for human cryoprecipitate by polyethylene glycol pre-
cipitation of fibrinogen followed by glycine precipitation,
Hyland Div., Travenol Laboratories, Inc., Costa Mesa,
Calif.) was prepared and reconstituted as previously de-
scribed (5).
Whole blood (3040 ml) was collected in polypropylene

tubes in 1/100 vol 40%o sodium citrate. Cell-free plasma
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was obtained and stored as above. In experiments with
plasma, 10-ml portions were thawed at 370C and used im-
mediately for gel filtration experiments.

Alpha-chymnotrypsin digestion of cryoprecipitatc. Alpha-
chymotrypsin (Worthington Biochemical Corp., Freehold,
N. J.) from bovine pancreas was dissolved in 0.001 M
hydrochloric acid at concentrations of 10 mg/ml just before
use. The cryoprecipitate was digested at 240 C. Digestion
oi 9.6 ml of cryoprecipitate was initiated with 0.250 ml of
chymotrypsin (final concentration 253 gg/ml of cryopre-
cipitate), and then further 0.03-ml additions were made
(final concentration 30 jgg/ml of cryoprecipitate) at 15-30-
min intervals until digestion was completed as determined
by prolongation of the thrombin time to more than 300 s.
The digest was then immediately placed at 4°C and cen-
trifuged twice at 27,000 g, and the supernate was applied
to the column. Digestion of cryoprecipitate was always
completed within 180-210 min. Samples of the cryoprecipi-
tate digestion mixture were taken to monitor thrombin
times, predigestion F. VIII, antigen, and vWF activity.
At the end of the digestion samples were again taken for
antigen, vWF activity, and F VIII levels. This reduced
the volume by approximately 1.1-1.5 ml. When digestion
was complete, the mixture was spun at 27,000 g at 4°C.
Removal of the supernate from the small precipitate pres-
ent resulted in the loss of approximately 0.4-0.7 ml. Thus,
8.0-8.5 ml of cryoprecipitate were actually applied to the
column.

Procoagulant F. VIII and thrombin time assays. All
coagulation tests were performed on a fibrometer (Bio-
Quest Div., Becton, Dickinson & Co., Cockeysville, Md.).
All column fractions were assayed undiluted for procoagu-
lant F. VIII. All F. VIII determinations were measured
by a one-stage assay (partial thromboplastin time) with
hemophilic plasma (< 1% F. VIII activity) as substrate
and celite as an activator (13). Units of procoagulant
F. VIII activity were calculated by comparison with the
amount contained in 1 ml of lyophilized plasma (AHG-
PTC-PTA Reference Plasma, Hyland Div., Travenol Lab-
oratories). Thrombin clotting times to monitor the alpha-
chymotrypsin digestion were measured by adding 0.1 ml
of the digestion mixture of undigested cryoprecipitate to
0.2 ml (2.5 U.S. U/ml) bovine thrombin solution (Parke,
Davis & Company, Detroit, Mich.) at 370C and measuring
the time for clotting to occur. The thrombin time on un-
digested cryoprecipitate varied between 24 and 27 s.

Gel filtration. Gel filtration of the digested cryoprecipi-
tate or intact plasma was performed on a 2.5 X 40-cm
Pharmacia column packed with Sepharose 4B (Pharmacia
Fine Chemicals, Inc., Uppsala, Sweden). The void volume
was determined with dextran blue 2000 (Pharmacia Fine
Chemicals), fetal calf thymus DNA (Sigma Chemical Co.,
St. Louis, Mo.) and lipolysaccharide from Salmonella
typhosa 0901 (Difco Laboratories, Detroit, Mich.). Col-
umns were eluted at 4°C at a pressure of approximately
20 cm H20 with buffer containing 0.05 M Tris (Schwarz/
Mann ultra-pure) and 0.1 M sodium chloride adjusted with
hydrochloric acid to pH 7.35. The flow rate of the column
averaged 14 ml/h, and 1.6-1.8 ml fractions were collected.
Protein was monitored by absorbance at 280 nm. Protein
concentration was measured by the method of Lowry
et al. (14). The Sepharose 4B column was calibrated
with the following marker proteins: lipopolysaccharide of S.
typhosa, (Difco Laboratories) human fibrinogen, (>94%o
clottable protein) porcine thyroglobulin, (Schwarz/Mann
Div., Becton, Dickinson & Co., Orangeburg, N. Y.) horse
apoferritin, (Schwarz/Mann) human gamma globulin,

(Schwarz/Mann) and human transferrin (Schwarz/
Mann).
The void volume (V0) of the column was 48 ml. Identi-

cal fractions were collected and concentrated from all col-
umn eluates: fraction 1, 48-61 ml; fraction 2, 62-75 ml;
fraction 3, 76-89 ml; fraction 4, 90-103 ml; and fraction
5, 104-117 ml.
The pooled column fractions or in some instances in-

dividual column fractions were tested by polyacrylamide
gel electrophoresis, ristocetin-induced platelet aggregation
assay, and counterimmunoelectrophoresis. When necessary,
normal column fractions were concentrated to 25-50% of
the original volume by dialysis against powdered Ficoll
(Pharmacia Fine Chemicals, Inc.) at 40 C. The column
fractions from the severe vWD patients were concentrated
to 10-25% of the original volume. All column fractions
were tested for vWF activity the same day or frozen at
- 30'C and tested within 7 days.

Preparation of antibody to F. VIII. Antibody was de-
veloped in New Zealand rabbits and Nubian goats to
purified F. VIII/vWF prepared from Hyland Method IV.
(5) Crystallized rabbit albumin (at a final concentration
of 5 mg/ml; Miles Laboratories, Kankakee, Ill.) was
added to the V0 fractions hefore concentration to stabilize
the procoagulant activity. The rabbits were immunized at
weekly intervals by three subcutaneous injections of puri-
fied protein (0.86-1.0 mg/injection), suspended in incom-
plete Freund's adjuvant (Difco Laboratories) and then
they received three booster immunizations 1 mo apart.
The goats were immunized with three weekly intramus-
cular injections (average of 2 mg/dose) of purified F.
VIII/vWF without adjuvant. They then received booster
immunizations once a month for 4 mo. The rabbits were
bled by cardiac puncture, and the goats were bled by
jugular venipuncture.

Blood from the animals was allowed to clot at 37°C
for 4 h. The serum was separated by centrifugation at
5,000 g for 20 min and then heated to 56°C for 30 min.
The heated serum was respun at 5,000 g for 30 min, and
the supernatant serum was adsorbed with either (a) an

8%o ethanol precipitate from 50 ml of plasma (per 10 ml
of antiserum), from which a 3% ethanol precipitate had
been removed and the crystallized rabbit albumin at 5
mg/ml antiserum; or (b) just the supernatant plasma from
the cryoprecipitate of a patient with severe vWD (less
than 3% F VIII activity) at a ratio of 9 parts antiserum
to 1 part vWD supernatant plasma. The adsorbed anti-
serum was monospecific when tested in immunodiffusion,
immunoelectrophoresis, or counterimmunoelectrophoresis
against normal plasma, hemophilia A plasma, or their
cryoprecipitates. A single precipitin arc was seen with
the above-mentioned materials, while similar von Wille-
brand materials were unreactive. The only coagulation
activities reduced by the antiserum were procoagulant F.
VIII and the vWF.
Immunologic techniques. The electroimmunoassay of

Laurell (15) was performed on plasma according to the
technique of Zimmerman et al. (16). Pooled normal plasma
(stored at - 300C) was used as the standard control.
Crossed antigen-antibody electrophoresis was performed

on plasma according to the method of Laurell (17). The
glass slides (3i by 41 in) were covered with 15 ml of
1% agarose in the Laurell buffer (sodium barbital 65 mM,
barbital 11 mM, and calcium lactate 2 mM, pH 8.6). 10
Al of antigen were placed in a 4-mm-diameter well, and
electrophoresis was carried out at 4°C for 5 h at 350 V
(10-20 mA). After electrophoresis in the first dimension
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and removal of the excess gel, 12 ml of 1% agarose con-
taining either rabbit or goat anti-human F. VIII antibody
(5-10 ul) were added to the remainder of the plate. After
the gel had settled, electrophoresis was performed for 17-
20 h in the second dimension under the same conditions.
During each electrophoresis of patient plasma, a normal
plasma was also tested to serve as a control. In some ex-
periments one part of patient plasma was diluted with one
part of pooled normal plasma. This mixture was then
subjected to electrophoresis as above. After electrophoresis,
the slides were washed, dried, and stained with Coomassie
blue.

Counterimmunoelectrophoresis was performed on lantern
slides 31 by 4 in precoated with 1 ml of melted 1%
agarose in barbital buffer 0.025 M, pH 8.6. 16 ml of 1%
agarose dissolved in the same buffer were then applied to
the plate. Antigen wells were cut with a number 3 cork
bore to contain 0.04 ml of material. Antibody wells were
cut to contain 0.006 ml. The antigen and antibody wells
were separated by 3 mm. After the application of antigen
and antibody (goat or rabbit anti-human F. VIII/vWF),
constant current (30 mA) was supplied for 90 min at 4VC
with a 50 mM barbital buffer in the troughs. After elec-
trophoresis, the plate was read immediately, washed in
0.85%o sodium chloride for 48 h and in distilled water for
24 h, dried, and stained with 0.57% Amido-schwartz and
then read again. Relative quantitation of antigen was
obtained by recording the reactivity of dilutions of the
test material (made in 50 mMi barbital buffer). Samples
of plasma pools from 30 normal blood donors stored at
-30'C were sporadically tested in the assay; however,
a pool of lyophilized plasma (AHF-PTC-PTA Reference
Plasma, Hyland Div., Travenol Laboratories) and plasma
from a patient with severe vWD (procoagulant F. VIII-
3%o, antigen undetectable) were used as controls in all of
the studies. The lyophilized plasma used during this study
was lot No. 3403V004A1, procoagulant F. VIII (1.06 U/
ml). All hemophilic and vWD column fractions were ana-
lyzed with comparable normal material. Specific antigenic
activity (antigen per unit protein) was defined as the
highest reaction dilution of a column fraction divided by
that fraction's absorbance at 280 nm.
The Laurell technique was used for measuring the F.

VIII/vWF antigen in all of the studies of the families.
In addition, in the propositae of both families and in the
father of vW II3, the counterimmunoelectrophoresis tech-
nique was used. Antigen measurements of all of the cryo-
precipitate and cryoprecipitate column fractions were mea-
sured by the counterimmunoelectrophoresis technique.
AcrWlamide gel electrophoresis. Acrylamide gel electro-

phoresis was performed with the reagents and methods de-
scribed by Canalco, Inc., Rockville, Md. Electrophoresis
was performed in 5% (5.13 T, the concentration of acryl-
amide and bisacrylamide, 2.5% C, the percentage cross-
linking) acrylamide gels containing 0.1% sodium dodecyl
sulfate (Pierce Chemical Co., Rockford, Ill.) according to
Shapiro et al. (18), as previously described (5). Portions
of the column pools were incubated for 3 h at 37'C in 1%o
SDS-0.1 M sodium phosphate buffer, pH 7.1, containing
0.0257% sodium azide with or without the addition of the
reducing agent dithioerythritol at a final concentration of
5 mM (Mann Research Labs, Inc., New York). 10-35 Mug
of protein from fraction 1 and 2 of vW I and the normal
cryoprecipitate and fraction 2 of vW II were applied to
the gel. 50-100 Ag (in 100 Ml) of protein from fraction 1
of vW II were applied to the gel. The maximum amount
of protein applied to the gel from any fraction was 100

Mg in 100 Ml. Proteins used as standards were those previ-
ously described (5) and in addition the subunit of rabbit
muscle myosin (mol wt, 194,000). The rabbit muscle myo-
sin was a gift of Drs. Judith Andersen and Patrick Mc-
Kee, Durham, N. C.

Platelet retention. Platelet retention studies were per-
formed by the method of Bowie et al. (19) and by the
method of Salzman (20). Results were expressed as the
percentage of platelet retained in the column.

Platelet aggregation vrith ristocetin. Platelet aggrega-
tion studies on citrated (1/100 vol 40% citrate) platelet-
rich plasma (PRP) adjusted to 300,000 platelets/mm3
were performed in a Chrono-log aggregometer (Chrono-
Log Corp., Broomall, Pa.) as originally described by
Born and Cross (21). Ristocetin was supplied by Abbott
Laboratories, North Chicago, Ill. In the assay of the
patients' PRP response to ristocetin, 0.4 ml of PRP was
allowed to warm to 37'C for 30 s, and then 0.05 ml of
ristocetin was added (final concentration 1.5 mg/ml).
Plasma and column fractions were tested for their vWF
activity (i.e., the ability to support ristocetin-induced plate-
let aggregation) in one of two ways: (a) A 50-Ml portion
of the test material was added to 0.3 ml of PRP from
a patient with severe vWD (who had no response to ris-
tocetin at a final concentration of 1.8 mg/ml), and then
15 Ml of ristocetin (50 mg/ml dissolved in 0.15 M NaCl,
0.01 M barbital, pH 7.4) were added. (b) Normal plate-
lets were treated in one of two ways (see below) so that
they no longer aggregated in response to ristocetin at the
dose tested. This assay consisted of the addition of a
50-MAl portion of the test material to 0.4 ml of the washed
platelets and, after a 1-mim incubation, the addition of
10-20 ul of ristocetin (50 mg/ml).
Normal platelets were made unresponsive to ristocetin

by washing or by gel filtration followed by washing. In
the first instance, washing was performed by the technique
of Zimmerman.2 50 ml of fresh whole blood were collected
in 1/10 volume of acid-citrate dextrose and centrifuged at
1,800 g at 25'C for 20 min. The platelet-poor plasma was
removed and measured and replaced with an equal volume
of Tyrode's buffer modified to contain 2% bovine serum
albumin (Pentex, Sigma Chemical Co.) and 0.03 M adeno-
sine (Sigma Chemical Co.). The cells and platelets were
gently resuspended and centrifuged again. This procedure
was repeated four times (1,800 g at 25'C for 20 min)
with the last centrifugation performed at 250 g at 250C
for 15 min, and the platelet-rich buffer supernate was re-
moved. A final centrifugation at 1,100 g for 1 min reduced
the red blood cell contamination. Platelet-rich buffer ad-
justed to 300,000/mm3 was kept at room temperature and
used immediately. The assay procedure consisted of add-
ing 50 Mul of test material to 0.4 ml of the platelet-rich
buffer and then adding 20 ul (50 mg/ml) of ristocetin
(final concentration 2.1 mg/ml).
The other method for prepared ristocetin-unresponsive

platelets was modified from the technique of Olson et al.
(22). 1- and 2-day-old platelet concentrates from the NIH
Clinical Center Blood Bank (prepared in acid citrate dex-
trose) were centrifuged at 1,200 g for 3 min to decrease
red blood cell contamination. The platelets were then gel-
filtered on a 2.5 X 30-cm siliconized glass column packed
to a height of 20 cm with Sepharose 2B, as described by
Tangen and Berman (23). Treatment of the gel, packing
the column, gel filtration, eluant flow (1 ml/min), and
buffer (without albumin) were as described (23). The

2 Zimmerman, T. Personal communication.
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gel-filtered platelet fractions with platelet counts greater
than 300,000/mm' were pooled, and the volume was
brought to 50 ml with buffer, adjusted to 3 mM Na2
EDTA, and then centrifuged at 2,500 g for 10 min. The
platelet button was then resuspended in the original Tan-
gen buffer (without albumin) to a final concentration of
300,000 platelets/mm3. The assay procedure consisted of
incubating 0.4 ml of washed GFP with 50 pl of test mate-
rial for 1 min and then adding 10 Al of a 50 mg/ml solu-
tion of ristocetin (final concentration 1.1 mg/ml).
Mixing experiments were performed to determine if

fractions 1 and 2 of vW I and vW II inhibited ristocetin:
induced platelet aggregation. Controls (lyophilized normal
human plasma and fraction 1 from normal cryoprecipitate)
were tested undiluted, diluted 1:1 with buffer, or diluted
1: 1 with fractions 1 and 2 of vW I and vW II. One
part of normal plasma (lyophilized) and one part of either
vW Is or vW II3 plasmas were mixed and incubated at
370C for 15 min and then tested for vWF activity. Ex-
pected values were calculated as the average of the com-
ponents and compared with the observed value. If the
difference between expected and observed values was
greater than 15%, this was interpreted as evidence of in-
hibition or augmentation.
To quantitate the vWF, the initial slope of aggregation

for lyophilized reference plasma (Hyland AHF-PTC-
tontrol) and various dilutions of this material (1/1-1/28)
were determined. A standard curve was prepared by plot-
ting the initial slope versus the percentage of plasma in
the sample on semilogarithmic graph paper. The standard
curve was determined at the beginning and at the end
of each group of assays, and results were averaged. It
was observed that the washed platelets spontaneously re-
gained their aggregation response to ristocetin after stand-
ing at room temperature for several hours. Periodic con-
trols (washed platelets and ristocetin) were run through-
out the assay procedure, and the test series was terminated
if aggregation was observed. The initial slopes produced
by the unknown test materials were converted into per-
centages of those obtained for the lyophilized normal
plasma by reference to the standard curve. All test mate-
rials were diluted so that they fell near the middle of the
standard curve. The sensitivity of the assay varied be-
tween less than 3% and less than 6% of the normal lyophi-
lized plasma added to the mixture. Plasma from 50 volun-
tary blood donors had a mean of 88±18% vWF activity
compared to the lyophilized plasma. Two frozen pools of
normal plasma had 84%o and 87% vWF compared to the
lyophilized plasma. No sample was assigned a value below
the lower limits of the assay sensitivity. The vWF activity
was expressed as percent of normal plasma and specific
vWF activity as percent of normal plasma per 0.1 ODm.

RESULTS

Patients. The laboratory data on the two patients
(vW I2 and vW IIe) and their family members, along
with the results on 50 normals, are presented in Table
I. Patient vW I2, an orphan, is a woman with a mild
bleeding disorder studied at Hopital Saint-Louis, Paris,
France. She has a prolonged bleeding time (20 min),
abnormal platelet retention, and deficient vWF (10% and
12% respectively); however, her F. VIII level varies
between 90-100%, and her F. VIII-related antigen varies
between 72-100%. She has borne 11 children (2 are

dead). Of the 9 living children, 2 are normal (1. and Is).
4 children (Ts, I7, Is, Il) have severe bleeding disorders
with marked procoagulant and F.VIII/vWF antigen
deficiencies, long bleeding times, and reduced platelet
retention and ristocetin-induced platelet aggregation. 3
children (Is, Is, h1o) have mild reductions of their vWF
activity and abnormal crossed antigen-antibody electro-
phoresis while their procoagulant and antigen levels
are normal. The husband (IL) of the proposita, now
deceased, had normal bleeding time, platelet retention,
and procoagulant F. VIII activity. He was asymptomatic.

Patient vW Is has a history of excess menstrual and
post-traumatic bleeding. Her mother and four siblings
are asymptomatic, but her father has a history of ex-
cessive bleeding after trauma. As he had grown older,
this bleeding diathesis has become more benign. This
(vW II8) patient is childless. Coagulation studies (in-
cluding ristocetin aggregation, F.VIII/vWF antigen and
crossed antigen-antibody electrophoresis) of the mother
and two sisters are normal, while the father has a
borderline low vWF and an abnormal crossed antigen-
antibody electrophoresis pattern (similar to vW Ies).
She has been cared for at the Hopital Saint-Louis,
Paris, France. Her laboratory data includes 74-120%
F. VIII procoagulant activity, 70-90% antigen, 5%
vWF, and 10% platelet retention. Platelet aggregation
to ADP, epinephrine, and collagen were normal, as was
platelet factor-3 availability. Her response to a therapeu-
tic infusion of cryoprecipitate (20 U of F. VIII proco-
agulant activity/kg) given preoperatively is depicted in

Bleeding time (min)
>30 16 >30 >30 >30

FIGURE 1 Cryoprecipitate infusion in vW Ies. Cryoprecipi-
tate (20 U/kg) was infused into patient vW IL. F. VIII
procoagulant activity (@-@), F. VIII-related antigen
(F. VIII/vWF) (A-- --A), platelet retention to glass
bead column (X---X), ristocetin-induced aggregation
(U ..U), and bleeding times were measured serially
over 48 h.
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)

FIGURE 2 Crossed antigen-antibody electrophoresis of plasma from vW I2 (top) and nor-
mal pooled plasma (bottom). During the first electrophoretic run, the anode was to the right;
and during the second electrophoretic run, the anode was at the top. At the far right are
the electroimmunoassays of normal and vW 12 plasma. Details of the electrophoresis are
described in Methods.

Fig. 1. There was an immediate rise (1 h) in F. VIII
procoagulant activity, followed at 24-48 h by a more
gradual rise in procoagulant activity. Within the first
2 h there was shortening of the bleeding time and com-
plete correction of both the platelet retention (adhesive-
ness) and ristocetin-induced platelet aggregation. The
platelet retention and ristocetin-induced platelet ag-
gregation remained normal for 5 h and then returned
to abnormal values. The procoagulant F. VIII returned
to the base-line values at 1 h and then at 24 h rose

30%. The antigen levels peaked at 2 h and then re-
turned to a level 40% above baseline at 5 h, where it
remained until the end of the study.
Washed platelets from both patients demonstrated

normal ristocetin aggregation when incubated with
either normal plasma or column fraction 1 from normal
cryoprecipitate. The two patients and selected family
members demonstrated normal platelet aggregation with
collagen, ADP, and epinephrine and PF-3 availability.
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FIGuRuE 3 Crossed antigen-antibody electrophoresis of
plasma from vW 118 (top) and normal pooled plasma
(bottom). In the first electrophoretic run, the anode was
to the right; and during the second electrophoretic run the
anode was at the top.

Immunologic studies. The F.VIII/vWF antigen
level was normal on multiple occasions in both pa-
tients' plasma and cryoprecipitate, assayed by electro-
immunoassay and counterimmunoelectrophoresis tech-
niques. There was excellent agreement between the
two assay techniques.
Although the precipitin patterns were identical to

normal in the electroimmunoassay, unique patterns in
crossed antibody electrophoresis were observed with
both patients' plasma. In the crossed electrophoresis the
precipitin arc in vW Is was composed of two distinct
peaks, the more cathodal one appearing identical with
the single peak seen with 10 individual normal plasmas
and a pooi of 30 normal plasmas (Fig. 2). Children
15s, Is, and ho had similar migration and precipitin arcs.
A broad precipitin arc was observed with vW Ilt's
plasma, marked by much greater anodal migration than
normal (Fig. 3). A similar pattern was observed with
vW Ilt's father (VW 12), while the two sisters and
mother of vW tI (vW II) had normal crossed anti-
body electrophoresis. Two asymptomatic brothers were
unavailable for testing.
A mixture of patient and normal plasma was exam-

ined with both patients. In patient vWIs this resulted
in augmentation of the more cathodal portion of her
precipitin arc while the more anodal portion of the
precipitin arc remained unchanged. In patient vW ha

a small normal arc was present after mixing with nor-
mal plasma and a long anodal tail remained as before.

Gel filtration of cryoprecipitate and plasma. In nor-
mal cryoprecipitate a mean of 43 U (range 20-75, n =
15) of procoagulant activity and a mean of 99 U (range
65-120, n =9) of vWF were placed on the column (1
U is equivalent to the amount of material in 1 ml of
normal plasma), while a mean of 768 antigen U (range
256-1,024, n = 9) were placed on the column (highest
reactive dilution is multiplied by volume). The mean
recovery for (a) procoagulant activity was 49% with
an observed range of 34-63%; (b) for antigen 42%
with an observed range of 31-50%; and (c) for vWF
39% with an observed range of 32-44%. With pa-
tient vW I2, 50 procoagulant U, 512 antigen U, and 8
vWF U were placed on the column, and the recoveries
were 45%, 44%, and 43%, respectively. With vW IIa,
36 procoagulant U, 282 antigen U, and less than 6
vWF units were applied to the column. The recoveries
were procoagulant activity 41%, antigen 47%, and 0
vWF (<6%). Protein concentration of the normal
cryoprecipitate varied between 75 and 102 mg/ml, with
a mean of 85 mg/ml. The protein concentration of vW
1a and vW ILa cryoprecipitate were 95 mg/ml and 85
mg/ml, respectively. The effect of alpha-chymotrypsin
digestion on procoagulant F.VIII activity, antigen,
and vWF activity was tested by the techniques previ-
ously described. The post-digestion procoagulant F.-
VIII activity never varied by more than ±+11% of the
predigestion value. Likewise, no appreciable loss or
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FIGURE 4 Chromatograph of normal cryoprecipitate on
Sepharose 4B. Plasma from 240±20 ml were frozen and
thawed to form cryoprecipitate. The cryoprecipitate was
digested with alpha-chymotrypsin and placed on the col-
umn. The dashed line represents F. VIII activity and
the solid line absorbance at 280 nm. The arrow represents
the void volume. The bars over the protein and procoagu-
lant activity reflect the mean±SD. The brackets at the
top of the figure indicate the fractions 1-5, pooled for fur-
ther testing (see Methods).
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FIGuRE 5 Chromatograph of cryoprecipitate from vW I2. The preparation and methods are
identical to those described in Fig. 4 and Methods.

gain of vWF or antigen activity was noted with alpha-
chymotrypsin digestion of cryoprecipitate.
The protein and procoagulant elution patterns of

normal cryoprecipitate have been previously described
(2-6). A low level of protein associated with the bulk
of the procoagulant activity begins to elute at the void
volume (Fig. 4). The peak procoagulant activity and
protein appeared 6.0±1.0 ml and 5.0+1.0 ml, respec-
tively, after the void volume (mean±SD, n = 15). The
peak procoagulant activity resulted in a F. VIII clot-
ting time of 53.9±10.2 s (mean+SD, observed range
33.9-73.3 s or 10-41% of pooled normal plasma, n

15).
The procoagulant F.VIII and protein elution pat-

terns of cryoprecipitate from v\ I2 were the same as

normal (Fig. 5). However, vW II3's elution pattern dif-
fered from normal in several respects. A reduced amount
of both protein and procoagulant activity eluted at the
void volume, with a broad, slowly rising plateau of
protein (with no real peak) eluting over the first 25
ml (Fig. 6). In parallel with the slow rise of protein,
the F. VIII level also rose slowly to a peak of 64.1 s.

While this peak activity was in the normal range, it
eluted at 18 ml after the void volume (rather than at
6.0±1.0 ml, seen with normals), giving it an estimated
mol wt of 840,000 (Ka. 0.23; Ka. = distribution coeffi-
cient) rather than the estimated 1,600,000 (Ka. 0.04)
found in normals.

Normal, vW I2, and vW I13 plasmas (10 ml) were

each chromatographed on the same Sepharose 4B col-
umn as the cryoprecipitate. The patterns of procoagu-

lant and antigen elution of these plasmas were identical
to those found with their respective cryoprecipitates.
The amounts of procoagulant and antigen in the plasma
column fractions were reduced when compared to the
cryoprecipitates in proportion to the reduced amount
placed on the column. Thus, unaltered plasma and
alpha-chymotrypsin-digested cryoprecipitate had simi-
lar elution patterns for protein, procoagulant activity,
and antigen for both patients vW I and vW II.

Polyacrylamide gel electrophoresis. Fractions 1 and
2 from normal cryoprecipitate had a protein that did
not enter a 5% gel, but after reduction, a subunit of
approximately 235,000 mol wt was observed (Fig. 7).
The polyacrylamide gel patterns of fractions 1 and 2 in
vW 12 were the same as normal (Fig. 8). However,
vW I3 had a markedly different polyacrylamide gel
pattern (Fig. 9). With fraction 1 no protein was

present at the top of the gel, and no subunit of any

size appeared after reduction. A large amount of pro-

tein was, however, observed at the top of the gel with
fraction 2, which yielded an apparently normal subunit
upon reduction. Fraction 3 appeared to have a very

small amount of the subunit present.
Immunologic investigation of the column fractions

by counterimmunoelectrophoresis. The reproducibility
of counterimmunoelectrophoresis was tested by the use

of lyophilized normal plasma pool and a severe von

Willebrand's plasma. These were included in all counter-
immunoelectrophoresis assays. When column fraction
1 of known protein content from Hyland IV was used
as antigen, the sensitivity of the assay was 1.5-1.0 iAg/
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FIGURE 6 Chromatograph of cryoprecipitate frc
identical to those described in Fig. 4 and Methods.

ml. The primary standard for this assay was the pooled
lyophilized normal plasma. The range for the pooled,
frozen normal plasma was 1/32, 1/16, and 1/16, with
three different normal pools, while the highest dilution
reactivity with the lyophilized pool (observed through-
out the study) was 1/32 in 19/24 assays, 1/16 in 5/24

The preparation and methods are

assays. The vWD plasma was always unreactive. When
vW I and vW II cryoprecipitate fractions were tested
on two separate occasions, the highest reactive dilutions
were identical on each electrophoresis. The endpoint

.,

IF

FIGURE 7 Polyacrylamide gel electrophoresis of normal
column fractions 1-5. The column fractions were reduced
with diethylerythritol and electrophoresis was performed
in the presence of sodium dodecyl sulfate. Note the sub-
unit in fraction 1 and to a lesser degree in fraction 2, and
not clearly seen in any other fractions.

FIGURE 8 The polyacrylamide gel electrophoresis patterns
of column fractions from vW I2.
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FIGURE 9 Polyacrylamide gel electrophoresis patterns of
cryoprecipitate column fractions from vW IIs. Note that
in fraction 1 there is no subunit; however, in fraction 2
a large amount of subunit is present, with a lesser amount
in fraction 3. Details of electrophoresis are described in
Methods and Ref. 5.

was a clear precipitin arc, and there was no difficulty
in determining negative and positive dilutions.

Patient vW 1A2 specific antigenic activity patter"
and antigen content were indistinguishable from nor-
mal (Table IT). The peak specific activity was in the
first fraction, with fraction 2 containing approximately
30% of that present in fraction 1. A small amount of
antigen was present in fraction 3, but none was detec-
table in the other column fractions. Patient vW I13,
however, had only a very small amount of antigen in
fraction 1 while fraction 2 contained 18.4 antigen U
(4.0 SD above the normal mean). Fraction 3 contained
1.2 antigen U while fraction 4 and 5 contained no de-
tectable antigen.
Assay of vWF activity. In normals, the peak of

vWF activity is in fraction 1, with fraction 2 having
about 20% of the peak activity (Table III). The other
fractions have negligible amounts of activity. In patient
vW I, a small amount of vWF was found in fractions
1 and 2, while in vW 113 no vWF activity was de-
tected in any column fraction. In mixing experiments,
column fractions 1 and 2 or plasma of vW Ia and vW 118
did not inhibit the ristocetin-induced platelet aggrega-
tion of normal column fraction 1 or normal plasma.

TABLE II
Antigen Units in Cryoprecipitate Column Fractions

Fraction

1 2 3 4 5

Source
Normal (7) a 31.8dt7.6 8.042.6 3.9d1.1 UR*-1.9 UR-0.7

(22.8-41.6) (5.5-11.4) (1.0-6.1)
b 8-16 2-4 1-4 UR-2.0 UR-2.0

vWD, severe a UR UR UR UR UR
b UR UR UR UR UR

vWD, severe a UR UR UR UR UR
b UR UR UR UR UR

vWD, severe a 2.1 UR UR UR UR
b 1 UR UR UR UR

vWD I2 a 26.5 9.5 2.8 UR UR
b 8 4 2 UR UR

vW II3 a 3.1 18.4 1.2 UR UR
b 1 8 2 UR UR

a. All values are antigen units expressed as the highest reactive dilution per 1.0 OD of the test
sample at 280 nm. Mean SD for seven normals. b. Reciprocal of the highest reactive dilution.
The three patients with severe vWD had no detectable antigen, bleeding times >30 min, pro-
coagulant levels below 5%, and absent platelet retention and ristocetin aggregation. These three
previously reported patients have been included for comparison (8).
* Unreactive.
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TABLE III
Restoration of Ristocetin-Induced Aggregation of Normal Washed or Gel Filtered

Platelets by Column Fractions

Column fraction

Source 1 2 3 4 5

Normal* (7) at 53.2+15.6 9.2+4.2 1.6+0.68 0.2-2.1 <0.2-0.5
b$ 140 28.8 8.2 <10 <5

vWD, severe a <3.0 <2.0 <0.3 <0.2 <0.2
b <5 <5 <5 <5 <5

vWD, severe a <3.0 <3.0 <0.8 <0.2 <0.2
b <5 <5 <5 <5 <5

vWv\D, severe a 4.2 <2.0 <0.7 <0.3 <0.3
b 7 <5 <5 <5 <5

vW 12 a 5.3 2.0 <0.6 <0.3 <0.2
b 16 12 <5 <5 <5

vW 113 a <3.0 <2.0 <0.3 <0.2 <0.2
b <5 <5 <5 <5 <5

The severe vWD patients are described in Table II.
* All values are expressed as the percentage of normal plasma. For all values greater than 100%
of normal plasma, the sample was diluted until the slope could be read from the standard
curve.
I a. These values are the percentage of normal plasma per 0.1 OD of the test sample at 280 nm.
Mean-+SD for seven normals. b. These values are the mean percentage of normal plasma for
each fraction: fraction 1, 48-61 ml; fraction 2, 62-75 ml; fraction 3, 76-89 ml; fraction 4,
90-103 ml; fraction 5, 104-117. Mean of seven normals.

DISCUSSION

The classic diagnostic criteria for vWD include a long
bleeding time, low factor VIII, reduced platelet re-
tention, and an autosomal dominant inheritance pat-
tern. Recently, Zimmerman et al. (16) and Stites et al.
(24) demonstrated immunologically that in vWD
plasma the F. VIII-related antigen is reduced or ab-
sent, while Howard and Firkin (25), and Weiss et al.
(7) noted a deficiency in vWD of a plasma factor
necessary for ristocetin-induced platelet aggregation.
Thus an immunologic deficiency of the F.VIII-related
antigen and absent or reduced ristocetin aggregation
factor have been added to the diagnostic abnormalities
in vWD.
We studied two patients in whom there were dramatic

disparities in the diagnostic criteria for vWD. Both
had normal F.VIII procoagulant activity and F.VIII/
vWF antigen but markedly abnormal ristocetin-in-
duced platelet aggregation, platelet retention, and bleed-
ing times. The first patient (vW 12), an orphan, has
two apparently normal children, four children (two
male, two female) who have severe vWD with all the
"classical" findings, including low F. VIII, low anti-
gen, and reduced ristocetin-induced platelet aggregation,
and three asymptomatic children with an apparent

qualitative defect. The father of this family (now de-
ceased) was studied before antigen levels and vWF
levels were available. However, his bleeding time, pro-
coagulant level, and platelet retention were normal.
This does not exclude the possibility that this parent
still had a qualitative defect in his F.VIII/vWF pro-
tein. Although the inheritance in the vW I family is
not clear without complete studies of the father, we
postulate that neither parent is a homozygote (two
normal children) and that the affected children inherit
either a qualitative defect and/or quantitative defect of
the F.VIII/vWF protein. The apparent quantitative
defect may reflect a double heterozygous qualitative de-
fect appearing phenotypically as severe classical vWD.
An analogous situation occurs in individuals heterozy-
gous for hemoglobin C and S. The individual heterozy-
gous for just on abnormal hemoglobin (i.e., C or S)
is asymptomatic or very mildly clinically affected with
reduced levels of A hemoglobin, while double heterozy-
gotes (C and S) present a clinical picture of anemia
and hemolysis and the absence of normal A hemoglobin
(26). In addition, if an individual is doubly heterozygous
for hemoglobin S (a qualitative defect) and 8-thalas-
semia (a quantitative defect), the clinical picture can

be quite variable with a syndrome similar to homozy-
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gous sickle cell disease to no clinical disability, depend- t

ing on the type of inherited thalassemia defect (27).
The inheritance pattern in family vW I has signifi-

cant implications for the genetics of vWD. We offer
one hypothesis that explains the data but recognize
that others are possible. We believe that both parents
are heterozygotes, with the mother carrying one nor-
mal vW gene and one vW gene that codes for a qual-
itatively abnormal protein. The father carried one nor-
mal vW gene and one vW gene that coded for a quali-
tatively abnormal protein (that may be different from
the mother's defective protein). We further specu-
late that the immunologic and vWF biologic activities
are related to a random multimeric combination of the
gene products (subunits) from both parents; that the
multimeric form is necessary (but not necessarily suffi-
cient) for VIII coagulant activity; that while the ab-
normal subunits are capable of interacting with normal
subunits, they are incapable of interacting with each
other; that the mother's normal-abnormal combination
has full immunologic and VIII coagulant supporting
activity but only partial vWF activity; and the father's
combination retained normal VIII supporting and
platelet retention activity (immunologic and ristocetin
data are unavailable). Thus, the parents could produce
offspring having each of the phenotypes observed. In
fact, we recently have found another family similar to
family vW I where the mother has a defect similar
to the proposita (vW I2) and her children (two sons)
have severe classical vWD. The father's bleeding time,
procoagulant factor VIII, and platelet retention are
normal; however, his vWF and F. VIII-related anti-
gen are 25% of normal. Thus, the inheritance in the
vWD I family is not clear without complete studies of
the father. The affected children (seven out of nine)
inherit either a qualitative defect or a quantitative de-
fect of the F.VIII/v\F protein. The latter defect prob-
ably reflects a double heterozygous defect appearing
phenotypically as severe classical vWD. Precisely the
same reasoning would apply if the father had a quanti-
tative (thalassemia-like) defect and the mother's ab-
normal subunits could not interact with each other.
The infusion of cryoprecipitate in v\V II resulted in

a hemostatic response different in some aspects from
those previously described in vWD (28, 29). The ini-
tial peak (1 h) and rapid decline in procoagulant fac-
tor VIII are unusual, as is the initial rise and subse-
quent plateau of the antigen. The total correction of
the platelet retention (adhesiveness) and ristocetin-in-
duced platelet aggregation persist for 5 h, while the
bleeding time is only partially corrected at 1 h. The
delayed rise of procoagulant activity (24 and 48 h) of
30% over preinfusion levels is a well-recognized oc-
currence. It is unclear why this patient has such an

unusual hemostatic response to cryoprecipitate infu-
sion (compared to other patients with vWD). One
possibility may be that most reported infusion studies
are performed in patients with very low or undetectable
levels of procoagulant or antigenic F. VIII and that
different responses may be seen in patients with moder-
ate reductions or normal levels of procoagulant and
antigen F. VIII levels (see ref. 29). Bennett et al.
demonstrated an increased catabolism of the normal hu-
man F. VIII/vWF antigen in vWD (28). It is possible
that the metabolic rate differs markedly in patients
with vWD and that the observed response to transfusion
in vW II3 indicates a wide spectrum of increased utili-
zation or metabolism of the normal F.VIII/vWF pro-
tein in the vWD syndrome. Whether metabolism is gov-
erned by plasma levels, alterations in the F.VIII/vWF
protein, or end organ mechanisms is unclear.
We believe these patients have qualitative abnormali-

ties of their F.VIII/vWF. This hypothesis is strongly
supported by the dramatic abnormalities found in crossed
antigen-antibody electrophoresis, suggesting a dual pop-
ulation of molecules in one case and an altered single
population in the other. The F.VIII/vWF protein in
vW I2 appeared normal by gel filtration, procoagulant
activity, polyacrylamide gel electrophoresis, subunit size,
and antigen content; however, in vW II3, her plasma
and her purified F.VIII/vWF protein (from cryopre-
cipitate) eluted with an estimated mol wt varying be-
tween 1,200,000 and 810,000. This contrasts with the
normal procoagulant, antigen, and F.VIII/vWF pro-
tein peaks, which all have estimated mol wts of approxi-
mately 1,600,000. Since the subunit appears to have the
same mol wt as normal, it would appear the F.VIII/vWF
protein in vW II is composed of a smaller number of
subunits. Despite the presence of both the protein and
antigen, however, none of the column fraction from vW
II supported ristocetin-induced platelet aggregation.
Qualitatively identical results were obtained when these
patients' plasmas were chromatographed instead of
cryoprecipitate.
Holmberg and Nilsson (30) described a group of

vWD patients with normal levels of F. VIII-related
antigen. These patients did not, however, have a delayed
procoagulant response to a transfusion of fraction Io,
and the disease appeared to be transmitted on the
X chromosome. Firkin et al. (9) described a vWD pa-
tient with normal levels of F. VIII and F. VIII-related
antigen, while her bleeding time, platelet retention, and
ristocetin-induced platelet aggregation were abnormal.
Kernoff et al. (10) investigated a patient with a nor-
mal level of antigen and a reduced procoagulant level
and found that the patient's cryoprecipitate had an al-
tered precipitin peak in electroimmunoassay and a more
anodal migration in crossed antigen-antibody electro-
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phoresis. Another unique feature in this patient was
the low yield of F. VIII-related antigen in a 3% ethanol
precipitate. Family studies were not performed in these
two cases (9, 10). Thompson et al. (11) described three
patients in one vWD family who had normal F. VIII-
related antigen and procoagulant activity and postulated
a qualitative defect in the F.VIII/vWF molecule. Peake
et al. (12) reported six vWD patients in whom the
F. VIII and antigen level varied but in general were
normal or only slightly reduced. Four of these patients'
plasma were tested in two-dimensional crossed immuno-
electrophoresis at pH 9.2. The plasma precipitin arcs
were found to be more anodal than those of normal
plasma. Mixtures of patient and normal plasma revealed
a double peak with no evidence of spur formation (non-
identity).
Our two patients seem to be different from that re-

ported by Kernoff et al. in that the majority of the
F.VIII/vWF antigen and procoagulant activity is pres-
ent in their cryoprecipitates. They differ from the pa-
tients described by Holmberg and Nilsson since vW I
seemed to transmit the disease as a dominant trait and
vW II responded to a cryoprecipitate infusion like a
patient with classic vWD. The crossed antigen-antibody
electrophoresis patterns of vW I2 and vW I13 plasma
differ from those described by Peake et al., although we
perform our electrophoresis at pH 8.6 rather than 9.2.
Differentiation of our patients from those described by
Firkin et al. and Thompson et al. is impossible without
more information.
The investigation of the F.VIII/vWF protein in vWD

reveals a spectrum of molecular defects. In some pa-
tients there is a complete absence of the protein by im-
munologic and biochemical parameters and its biologic
activities, while in most vWD patients the level of
F.VIII/vWF antigen, procoagulant activity, and vWF
activity are all reduced in parallel (7, 16). In a small
population of vWD patients there is a marked deficiency
of vWF activity but normal levels of the F.VIII/vWF
antigen and procoagulant activity. The variability in the
level of and biologic function(s) of the F.VIII/vWF
protein in vWD are similar to the abnormalities found
in other congenital disorders of proteins such as fibrino-
gen (31, 32).

In the fibrinogenopathies, synthetic defects result in
afibrinogenemia, hypofibrinogenemia, and dysfibrinoge-
nemia. To date catabolism of fibrinogen has been nor-
mal in these conditions, except for one instance of dys-
fibrinogenemia where the abnormal fibrinogen had a
short half-life (33). The catabolic rate of the vW
F.VIII/vWF protein in vWD is unknown; however,
Bennett et al. have reported a shortened half-life of the
normal F.VJII/vWF antigen in vWD patients com-

pared to hemophiliacs (28). Whether this increased

metabolism or utilization of the normal F.VIII/vWF
antigen in vWD is indicative of a hypercatabolic state
of the F.VIII/vWF protein and/or is in any way re-
sponsible for the vWF and procoagulant deficiency is
unknown at the present time.
The recent studies of the F.VIII/vWF protein sug-

gest that a variety of molecular defects may be re-
sponsible for the disorder known as vWD. Our previ-
ous study of patients with severe vWD showed a paral-
lel absence of protein, antigen, vWF, and biologic ac-
tivities. The lack of correlation between the protein (or
antigen) and sites for procoagulant activity, vWF, and
antigenic reactivity indicate that these sites are not
identical, so that a defect in the vWF site may not af-
fect either the antigenic or the procoagulant activity.
Thus the F.VIII/vWF protein and the antigenic ma-
terial present in some vWD patient, although quantita-
tively normal, is qualitatively abnormal.

ACKNOWLEDGMENTS
Ms. Georgia Jackson, Mary Cregger, Jacqueline Simeon,
Joyce Bagley, and Dawn Mullarkey provided excellent
technical assistance. Mrs. Wanda Chappell and Elsie Yan-
chulis were generous with their time and efforts in the
procurement of plasma and cryoprecipitate. Mrs. Lynda
Ray and Marty Auman provided valuable secretarial as-
sistance.
Hyland Laboratories kindly provided Hyland Method

IV and Abbott Laboratories kindly provided ristocetin.

REFERENCES
1. Kass, L., 0. D. Ratnoff, and M. A. Leon. 1969. Studies

on the purification of anti-hemophilic factor (factor
VIII). I. Precipitation of antihemophilic factor by con-
canavalin A. J. Clin. Invest. 48: 351-358.

2. Bennett, B., W. B. Forman, and 0. D. Ratnoff. 1973.
Studies on the nature of antihemophilic factor (factor
VIII). Further evidence relating the AHF-like anti-
gens in normal and hemophilic plasmas. J. Clin. Invest.
52: 2191-2197.

3. Shapiro, G. A., J. C. Andersen, S. V. Pizzo, and P. A.
McKee. 1973. The subunit structure of normal and
hemophilic factor VIII. J. Clin. Invest. 52: 2198-2210.

4. Legaz, M. E., G. Schmer, R. B. Counts, and E. Davie.
1973. Isolation and characterization of human factor
VIII (antihemophilic factor) J. Biol. Chem. 248: 3946-
3955.

5. Marchesi, S. L., N. R. Shulman, and H. R. Gralnick.
1972. Studies on the purification and characterization
of human factor VIII. J. Clin. Invest. 51: 2151-2161.

6. Gralnick, H. R., B. S. Coller, and S. L. Marchesi. 1975.
Studies of the human factor VIII/von Willebrand's
factor protein. I. Comparison of the protein found in
normal, von Willebrand's disease and hemophilia A.
Thromb. Res. 6: 93-108.

7. Weiss, H. J., L. W. Hoyer, F. R. Rickles, A. Varma,
and J. Rogers. 1973. Quantitative assay of a plasma
factor deficient in von Willebrand's disease that is
necessary for platelet aggregation. Relationship to fac-
tor VIII procoagulant activity and antigen content. J.
Clin. Invest. 52: 2708-2716.

826 H. R. Gralnick, B. S. Coller, and Y. Sultan



8. Gralnick, H. R., and B. S. Coller. 1975. Studies of the
human factor VtII/von Willebranld's factor protein. II.
Identification ald characterization of the von \Villc-
Ibrand protein. Blood. In press.

9. Firkin, B. G., F. Firkin, and L. Stott. 1973. Von Wille-
brand's disease Type B: a newly defined bleeding di-
athesis. Aust. N. Z. J. Med. 3: 225-229.

10. Kernoff, P. B. A., R. Gruson, and C. R. Rizza. 1974.
A variant of factor VIII-related antigen. Br. J. Haema-
tol. 26: 435-440.

11. Thomson, C., C. D. Forbes, and C. R. M. Prentice.
1974. Evidence for a qualitative defect in factor-VIII-
related antigen in von Willebrand's disease. Lancet. 1:
594-597.

12. Peake, I. R., A. L. Bloom, and J. C. Giddings. 1974.
Inherited variants of factor-VIII-related protein in
von Willebrand's disease. N. Engl. J. Med. 291: 113-
116.

13. Simone, J. V., J. Vanderheiden, and C. F. Abildgaard.
1967. A semiautomatic one-stage factor VIII assay
with a commercially prepared standard. J. Lab. Clin.
Med. 69: 706-712.

14. Lowry, 0. H., N. J. Rosebrough, A. L. Farr, and R. J.
Randall. 1951. Protein measurement with the folin
phenol reagent. J. Biol. Chem. 193: 265-275.

15. Laurell, C.-B. 1966. Quantitative estimation of proteins
by electrophoresis in agarose gel containing antibodies.
Anal. Biochem. 15: 45-52.

16. Zimmerman, T. S., 0. D. Ratnoff, and A. E. Powell.
1971. Immunologic differentiation of classic hemophilia
(factor VIII deficiency) and von Willebrand's disease.
With observations on combined deficiencies of anti-
hemophilic factor and proaccelerin (factor V) and on
an acquired circulating anticoagulant against antihemno-
philic factor. J. Clin. Invest. 50: 244-254.

17. Laurell, C. 1965. Antigen-antibody crossed electrophore-
sis. Anal. Biochemn. 10: 358-361.

18. Shapiro, A. L., E. Vinuela, and J. V. Maizel, Jr. 1967.
Molecular weight estimation of polypeptide chains by
electrophoresis in SDS polyacrylamide gels. Biochemn.
Biophys. Res. Commun. 28: 815-820.

19. Bowie, E. J. W., C. A. Owen, Jr., J. H. Thompson,
Jr., and P. Didisheim. 1969. Platelet adhesiveness in
von Willebrand's disease. Am. J. Clin. Pathol. 52: 69-
77.

20. Salzman, E. W. 1963. Measurement of platelet ad-
hesiveness. A simple in vitro technique demonstrating
an abnormality in von Willebrand's disease. J. Lab. Clin.
Med. 62: 724-735.

21. Born, G. V. R., and M. J. Cross. 1963. The aggregation
of blood )latclets. J. Pliivsiol. (Lowd.). 168: 178-195.

22. 01 ,,(ii, .1. 1)., 1). N. ss, E. X.1 .N'Vi. anld 1K. G.
Mlann. 1973. Rlistocetin-induced aggregation of gel fil-
tered platelets: a study of von Willebrand's disease and
the effect of aspirin. Thromb. Res. 3: 501-514.

23. Tangen, O., and H. J. Berman. 1972. Gel filtration of
blood platelets: a methodological report. In Platelet
Function and Thrombosis. P. M. Mannucci and S.
Gorini, eclitors. Plenum Publishing Corporation, New
York. 235.

24. Stites, D. P., J. D. Hershgold, J. D. Perlman, and H.
H. Fudenberg. 1971. Factor VIII detection by hemag-
glutination inhibition: hemophilia A and von Wille-
brand's disease. Science (Wlash. D. C.). 171: 196-197.

25. Howard, 'M. D., and B. G. Firkin. 1971. Ristocetin-
a new tool in the investigation of platelet aggregation.
Thromib. Diath. Ilaemorrh. 26: 362-369.

26. Serjeant, G. R., M. T. Ashcroft, and B. E. Serjeant.
1973. The clinical features of haemoglobin SC disease
in Jamaica. Br. J. Haemtat. 24: 491-501.

27. Weatherall, D. J., and J. B. Clegg. 1972. /3 thalassemia
and its variants in association with inherited haemo-
globinopathies. In The Thalassemia Syndromes. D. J.
Weatherall and J. B. Clegg, editors, Blackwell Scien-
tific Publications Ltd., Oxford, Great Britain. 2nd edi-
tion. 146-150.

28. Bennett, B., 0. D. Ratnoff, and J. Levin. 1972. Im-
munologic studies in von Willebrand's disease. Evidence
that the antihemophilic factor (AHF) produced after
transfusions lacks an antigen associated with normal
AHF and the inactive material produced by patients
with classic hemophilia. J. C/in. Inzvest. 51: 2597-2601.

29. Thomson, C., C. D. Forbes, and C. R. WI. Prentice.
1973. Relationship of factor VIII to ristocetin-induced
platelet aggregation: effect of heterologous and acquired
factor VIII antibodies. Thronib. Res. 3: 363-372.

30. Holmberg, L., and I. M. Nilsson. 1973. Two genetic
variants of von Willebrand's disease. N. Engl. J. Med.
288: 595-598.

31. Jackson, D. P. 1972. Congenital disorders of fibrinogen.
In Hematology. W. J. Williams, E. Beutler, A. Erslev,
and R. W. Rundles, editors. McGraw-Hill Book Com-
pany, New York. pp. 1209-1214.

32. Menache, D. 1973. Abnormal fibrinogens. A review.
Thromb. Diath. Haemorrh. 29: 525-535.

33. Martinez, J., R. R. Holburn, S. Shapiro, and A. J.
Erslev. 1974. Fibrinogen Philadelphia. A hereditary hy-
podysfibrinogenemia characterized by fibrinogen hyper-
catabolism. J. Cint. Invest. 53: 600-611.

Factor VIII, Von Willebrand's Disease 827


