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As bstract. The binding of von Willebrand factor
(vWf) to stimulated platelets in the plasma milieu was
performed using a radiolabeled monoclonal antibody to
vWf. Plasma proteins specifically inhibited the thrombin-
and ADP/epinephrine-induced vWf binding to activated
platelets but did not inhibit the ristocetin-induced vWf
binding. When normal plasma was heat defibrinated,
monoclonal-labeled vWf was bound to platelets following
thrombin or ADP/epinephrine stimulation. Furthermore,
monoclonal-labeled vWf from afibrinogenemic plasma
bound normally to platelets. The binding of vWf to stim-
ulated platelets in either heat-defibrinated normal plasma
or afibrinogenemic plasma was specifically inhibited by
the addition of normal plasma fibrinogen in a concen-
tration-dependent manner. At levels of fibrinogen < 1
mg/ml, however, vWf binding could be demonstrated.
The inhibition by fibrinogen of vWf binding to platelets
was competitive and overcome by increased concentra-
tions of vWf. These studies show that thrombin-induced
and ADP/epinephrine-induced vWf binding to platelets
does not occur in the plasma milieu, although at reduced
levels of fibrinogen, vWf binding to stimulated platelets
can be demonstrated.

Introduction

The Factor VIII molecular complex is comprised of two pro-
teins-von Willebrand factor (vWf)' and antihemophilic Factor
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1. Abbreviations used in this paper: AP-l, monoclonal antibody to GPIb;
AP-2, monoclonal antibody to the complex of GPIIb/IIIa; AVW-I and
AVW-2, monoclonal antibodies to vWf; GP, glycoprotein; HDNP, heat-
defibrinated normal plasma; PAGE, polyacrylamide gel electrophoresis;
vWf, von Willebrand factor.

(VIII C) (1, 2). The vWf portion of the molecule is necessary
for the adhesion of normal platelets to damaged endothe-
lium, and it is defective or deficient in von Willebrand's dis-
ease (1-3).

The vWf activity is most commonly measured in vitro by
its ability to support ristocetin-induced agglutination of formalin-
fixed platelets; the in vivo stimulus for this reaction, however,
is unknown (1-5). Recent studies have demonstrated the binding
of 1251-vWf to washed platelets by thrombin or ADP, thereby
suggesting that these might be the physiologic stimuli for vWf
binding in vivo (6-9). Although there was general agreement
that ristocetin-induced vWf binding was to platelet membrane
glycoprotein lb (GPIb) (10-12), studies on the platelets from
patients with Glanzmann's thrombasthenia and Bernard-Soulier
syndrome suggested that thrombin- and ADP/epinephrine-in-
duced vWf binding were mediated through GPIIb/IIIa (8, 9).
Furthermore, monoclonal antibodies (AP- 1 and AP-2) to these
GP(13) blocked the respective vWf binding induced by ristocetin
(GPIb) or thrombin and ADP/epinephrine (GPIIb/IIIa) (9, 13).
These studies (6-9) utilized purified, radiolabeled vWf with
washed platelets and were not undertaken in the plasma milieu.
The preparations of vWf were shown to have all sizes of mul-
timers (9), but since they were obtained by column chroma-
tography from the void volume fractions, the preparations might
not have included all the normal plasma vWf multimers.

To study the binding of plasma vWf to platelets in the pres-
ence of normal plasma proteins, we developed a method that
enabled us to label the vWf in normal plasma using a radiolabeled
monoclonal antibody to the vWf protein. This monoclonal an-
tibody did not inhibit the binding of vWf to platelets by ristocetin,
thrombin, or ADP/epinephrine, and identified all multimers of
vWf. Wewere thereby able to measure the binding of vWf to
platelets in the presence of normal plasma without the necessity
of purifying the Factor VIII molecular complex. Since this
monoclonal antibody was specific for vWf, trace labeling of
fibrinogen or other plasma proteins that might contaminate
purified vWf could be avoided.

Methods

Materials. Ristocetin sulfate (H. Lundbeck and Co., Copenhagen, Den-
mark); apyrase, hirudin, and bovine fraction V albumin (Sigma Chemical
Co., St. Louis, MO); Iyophilized fixed platelets (Bio/Data Corp., Horsham,
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PA); Sephadex G50, protein A-Sepharose 4B (Pharmacia Fine Chemicals,
Piscataway, NJ); Na'251 (New England Nuclear, Boston, MA); all ac-
rylamide gel electrophoresis reagents and BioGel A15 (Bio-Rad Labo-
ratories, Richmond, CA). Factor VIII concentrate was obtained from
Hyland Laboratories, Glendale, CA. Monospecific immunopurified rabbit
antibody to mouse IgG was obtained from Zymed Laboratories, Bur-
lingame, CA, and purified human a-thrombin was obtained from Dr.
David Aronson, Bureau of Biologics, Bethesda, MD. All other reagents
were purchased from Sigma Chemical Co. and were analytical grade or
the best grade available.

Production of monoclonal antibody to v Wf Commercial Factor VIII
concentrate was subjected to molecular exclusion chromatography
through 4% agarose. The void volume fractions containing the vWf
protein (200-400 ,g/ml) were pooled and used to immunize BALB/c
mice by primary intraperitoneal immunization with 0.5 ml of Freund's
complete adjuvant. Three subsequent intraperitoneal immunizations
were given at 2-wk intervals followed by an intravenous immunization
4 d before hybridization. Fusion of the immune spleen cells with
P3X63Ag8653 myeloma cells was carried out as previously described
(13). Positive hybrids were selected using a method of rocket inhibition
of vWf antigen. This technique was modified from a method previously
developed to detect the elution of polyspecific antibodies from a vWf
immunoaffinity column (14). Since monoclonal antibodies are usually
nonprecipitating, the samples consisted of normal plasma and hybridoma
spent media that were incubated for 30 min at room temperature and
then incubated with 10 jg of rabbit anti-mouse IgG, which caused the
precipitating reaction. Quantitative electrophoresis was carried out against
'25W-labeled polyspecific antibody to vWf. Positive hybrids were dem-
onstrated by inhibition of the vWf rockets (Fig. 1). This method was
utilized because we were concerned about the potential alteration of
antigenic specificity of purified vWf. Alternatively, an enzyme-linked
immunosorbant assay was performed as previously described, except
that vWf was the immobilized antigen (13). Positive hybrids were cloned
and recloned by limiting cell dilution and ascites tumors established
(13). Two monoclonal antibodies were characterized and termed AVW-
1 and AVW-2.

Purjfication and radiolabeling of monoclonal antibody. Monoclonal
antibody was purified from ascites fluid by affinity chromatography with
protein A-Sepharose 4B, as previously described (13). These preparations
were >95% homogeneous IgG by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE).

Radiolabeling of the monoclonal antibody with 25I was done with
the chloramine-T method (15). The labeled IgG was separated from the
unbound 1251 using a Sephadex G50 column. The purified, labeled IgG
was then kept at 4°C in 10 mg/ml bovine serum albumin. The specific
activity of this labeled IgG was 1-5 X 109 cpm/mg of IgG.

Preparation of albumin density gradient washed platelets. Platelet-
rich plasma was obtained from normal donors, a patient with severe
von Willebrand's disease (<0.001 IU/dl vWf antigen), and a patient with
severe afibrinogenemia. Platelets were washed free of plasma constituents
by sequential albumin density gradient centrifugations (16). The platelets
were resuspended in divalent cation-free Tyrode's buffer containing 10
mMHepes, pH 7.35, and 20 mg/ml albumin. Platelets were counted
in a Coulter ZBI counter (Coulter Electronics, Inc., Hialeah, FL) and
adjusted to 2 X 101 platelets/ml. All experiments were performed in the
above buffer alone, or the washed platelets diluted 1:2 with plasma or
heat-defibrinated plasma.

Radiolabeling of v Wf in intact plasma or heat-defibrinated normal
plasma. To avoid the potential selective removal of specific multimers
of vWf by the purification of vWf, we developed a method in which

we radiolabeled the vWf using radiolabeled AVW-I monoclonal antibody
to vWf. Plasma vWf was labeled by adding 0.001-0.01 jg of radiolabeled
AVW-I (specific activity 1-5 X 106 cpm/;ig) to 1.0 ml of pooled normal
plasma and incubated at room temperature for 60 min. This monoclonal
antibody was specific for vWf and has been shown not to inhibit the
binding of purified vWf to platelets by thrombin, ADP/epinephrine, or
ristocetin. By adding this radiolabeled monoclonal antibody in subsat-
urating amounts, the plasma vWf was specifically labeled and its binding
to platelets could be studied in the presence of plasma. Once plasma
vWf was labeled in this manner, 1,000-fold excess of unlabeled mono-
clonal AVW-I could not displace the radioactivity from the vWf. Thus,
the radioactive antibody could not come off the plasma vWf when
exposed to platelets, which could release their own endogenous vWf
and bind the AVW-1, if the AVW-I was not bound to plasma vWf.

Studies on vWf binding in the absence of fibrinogen were carried
out either with the plasma from a patient with severe afibrinogenemia
(arrangement for plasma and platelet pheresis of this patient in Milwaukee
was assisted by Dr. Harold R. Roberts, Chapel Hill, NC) or by heat-
defibrinating normal plasma. Plasma was placed at 56°C for 10 min
and then centrifuged at 11,000 g for 10 min to remove the precipitated
fibrinogen. This plasma contained <0.3 mg/ml of residual fibrinogen
and will be referred to as heat-defibrinated normal plasma (HDNP).
The vWf activity of the HDNPwas >98% of normal when measured
in a ristocetin cofactor assay, and equivalent quantities of '251-AVW-I-
vWf were bound to platelets by ristocetin when either normal plasma
or HDNPwas radiolabeled by monoclonal antibody as described above.

Binding assay of '25I-A VW-1-vWf to platelets. Platelet-binding ex-
periments were performed by mixing 200 ;&l of AVW-1-labeled normal
plasma or HDNPand 200 ,l of albumin density gradient washed platelets
(2 X 108/ml). The samples were incubated at room temperature for 40
min without agitation following the addition of agonist. For maximal
binding of labeled vWf, the following concentrations of agonists were
used: ristocetin sulfate, 1.5 mg/ml; ADP/epinephrine, 20 gM/20 M;
and human a-thrombin, 0.5 U/ml. The platelet-bound vWf was separated
from the unbound supernatant vWf by centrifugation at 11,000 g for,
3 min in a fixed angle microcentrifuge (Eppendorf model 5412, Brink-
mann Instruments, Inc., Westbury, NY). Since this was a fixed angle
centrifuge, the small platelet pellet was on the side of the bottom of the
microcentrifuge tube. This permitted complete aspiration of the fluid
by placing the tip of the pipette down at the bottom of the tube. The
supernate was carefully aspirated, and the remaining tip of the micro-
centrifuge tube containing the platelets was cut off. Both the supernate
and the pellet were counted for 125I radioactivity in a gammacounter
(Packard Instrument Co., Inc., Downers Grove, IL). All individual ex-
periments were performed in duplicate and the results averaged. Controls
included the same reactants, omitting the addition of the agonist. Typ-
ically the background '25I-vWf binding to platelets was 0.8-2.0% of the
total radioactivity added.

In experiments where binding of vWf to thrombin-stimulated platelets
was performed in the presence of fibrinogen, hirudin (I U/ml) was added
5 min following the thrombin activation of platelets and before the
addition of plasma or fibrinogen. This inactivated the residual thrombin
and prevented clotting.

Inhibition of vWfbinding by monoclonal antibodies to platelet mem-
brane GPIb or GPIIb/IIIa. In some experiments, either AP-I or AP-
2 (9, 13, 18) (10-50 jug/108 platelets) was added to specifically block
GPIb or GPIIb/IIIa, respectively. These monoclonal antibodies were
preincubated with the platelets at room temperature for 60 min before
the addition of agonist. Neither of these monoclonal antibodies inhibited
the thrombin-induced release of platelet vWf or platelet factor 4, although
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AP-2 blocked the rebinding of the endogenous platelet vWf to these
platelets, resulting in greater recovery of vWf in the supernate. Thus,
they inhibited receptor interaction with vWf rather than inhibition of
thrombin binding itself.

Effect of A VW-I on the binding of labeled purified vWf to platelets.
To substantiate the observation that excess AVW-1 did not inhibit
thrombin-induced binding of vWf to platelets, vWf was purified from
cryoprecipitate as previously described (17) and concentrated to 750
,tg/ml in dialysis tubing using Sephadex G50. This vWf was radiolabeled
with 125I (sp act 25 X 103 cpm/,ug), as previously described (9). Thrombin-
induced binding of this radiolabeled vWf (20 1ig/ml) was performed in
the presence of 0-200 ug/ml of AVW-I and the percent inhibition of
vWf binding was determined.

Quantitation of vWf The amount of vWf was measured by quan-
titative immunoelectrophoresis as previously described (14). By staining,
3 U/dl of vWf could be detected, but by autoradiography as little as
0.001 U/dl could be measured.

Inhibition of thrombin-induced vWf binding to platelets byfibrinogen.
Purified human fibrinogen was the generous gift of Dr. M. W. Mosesson
and Dr. D. L. Amrani, Mt. Sinai Medical Center, Milwaukee, WI. It
was homogeneous by SDS-PAGEand contained <0.00 1 U/ml of vWf.
Fibrinogen was added back to heat-defibrinated normal plasma or to
afibrinogenemic plasma at various dilutions to determine the effect on
thrombin-induced and ristocetin-induced vWf binding. In the thrombin
experiments, hirudin was added as described above.

Competition between vWfandfibrinogenfor thrombin-induced platelet
binding. To determine whether there was competition between vWf and
fibrinogen, purified vWf (750 g/ml) was labeled with radiolabeled AVW-
1. Purified vWf had to be used so that high concentrations of vWf could
be added. Since 800 gg/ml of fibrinogen was found to inhibit -50%
of normal vWf binding, increasing concentrations of vWf (50-650 ,g/
ml) were added to determine whether this inhibition could be overcome.

Results

Monoclonal antibody to vWf Two monoclonal antibodies to
vWf were developed. Positive hybrids were detected with the
method of rocket inhibition, as demonstrated in Fig. 1. With
this method the screening antigen is normal plasma rather than
a purified protein. This avoids possible antigenic restriction im-
posed by the purification by gel filtration of an antigen like vWf
that has a marked variation in molecular size.

One of the monoclonal antibodies, termed AVW-1, rec-
ognized antigenic determinants on normal vWf, while the second
monoclonal antibody, termed AVW-2, recognized antigenic de-
terminants on both normal vWf and a fragment of vWf pre-
viously identified in commercial Factor VIII concentrate and
in the plasma of patients with disseminated intravascular co-
agulation (14). Although when normal plasma was utilized, both
antibodies gave similar results, AVW-1 has been utilized in the
subsequent studies.

Binding of vWf to platelets by ristocetin. Normal plasma
vWf was labeled with radiolabeled AVW-1 and then added to
formalin-fixed platelets or to albumin density gradient washed
platelets. With formalin-fixed platelets, maximal binding was
achieved with concentrations of ristocetin > 1.5 mg/ml at which
65-70% of the plasma vWf was bound to the platelets. When
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Figure 1. Monoclonal antibodies to vWf were detected by the inhibi-
tion of plasma vWf when studied by quantitative immunoelectropho-
resis against radiolabeled polyspecific antibody to vWf; the first four
wells contain undiluted and serial twofold dilutions of normal
plasma. Normal plasma samples were mixed with samples (a-u) of
hybridoma fluid for 30 min, followed by the addition of immunopu-
rified rabbit anti-mouse IgG. Wells c, d, k, n, s, and u show almost
complete inhibition (i.e., positive for hybridoma antibody), wells e
and o show partial inhibition, and wells a, b, g, h, p, and q show no
inhibition. Note that the screening antigen is unpurified vWf in nor-
mal plasma.

von Willebrand's disease plasma was used, the percent binding
was essentially background (<2% binding). Whenthis technique
was used to study AVW-l-labeled von Willebrand's disease
plasma and normal washed platelets, there was no vWf to bind
the AVW-1, thereby permitting binding of the monoclonal an-
tibody to any endogenous platelet vWf. If 100-fold excess of
cold AVW-l was added, however, after the incubation of labeled
AVW-I with the normal plasma, this cold AVW-I did not com-
pete off the label of the plasma vWf but did prevent the binding
of any unbound labeled AVW-1 to the platelet vWf. Heat de-
fibrination did not alter this binding pattern.

Binding ofplasma v Wfto platelets by thrombin. If thrombin-
induced binding of vWf was carried out with normal plasma,
no binding of vWf could be demonstrated (Fig. 2). However,
if the same plasma was initially heat defibrinated, a dose-de-
pendent vWf binding was found. Maximal vWf binding from
heat-defibrinated normal plasma was obtained with thrombin
doses > 0.1 U/ml. Although ristocetin induced >65%vWf bind-
ing, only 25-35% of plasma vWf was bound to platelets by
thrombin. The time course of thrombin binding of vWf is shown
in Fig. 3. Maximal binding was reached at 30-40 min. This is
similar to that reported for purified labeled vWf (6, 9).

Binding of vWf to von Willebrand platelets. The binding of
vWf in heat-defibrinated normal plasma to von Willebrand
platelets and normal platelets was identical. Furthermore, no
binding of radioactivity was demonstrated when radiolabeled
monoclonal antibody AVW-1 was added to heat-defibrinated
von Willebrand plasma and tested against von Willebrand
platelets using thrombin.
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Figure 2. Specific binding of vWf to thrombin-stimulated
platelets in the presence of normal plasma (NP) or HDNP.
Increasing thrombin concentration induced the binding of
vWf to platelets when HDNPwas used, but no binding
could be demonstrated when normal plasma was used. vWf
in plasma was tagged with radiolabeled monoclonal anti-
body.

HDNP

TIME (mintes)

Figure 3. Time course of vWf binding to platelets by 0.5 U/
ml of thrombin. vWf was tagged with radiolabeled AVW-l
and added to washed normal platelets. Following thrombin

50 60 stimulation, aliquots were tested at various time intervals for
amount of monoclonal-labeled vWf bound to the platelets.
Maximal binding was achieved within 30-40 min.
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Fig. 4 shows the specific binding of AVW-l labeled vWf to
von Willebrand's disease platelets, when the platelet pellet was
solubilized with Triton X-100 and analyzed by crossed im-
munoelectrophoresis against nonlabeled anti-vWf antisera.
When heat-defibrinated von Willebrand's disease plasma was
substituted for HDNP, no radioactive precipitin arc was seen.

Binding ofvWfto platelets byADP/epinephrine. WhenADP/
epinephrine-induced vWf binding was studied, no binding of
vWf to platelets could be demonstrated when normal plasma
was used. Following heat defibrination, however, 30-40% of
plasma vWf was bound to the platelets-levels similar to those
seen with thrombin (Fig. 5). There was more variability in in-
dividual platelet responsiveness to ADP/epinephrine than with
thrombin, although experiments performed on the same batch
of platelets were highly reproducible (<10% variability).

Inhibition of vWfbinding by monoclonal antibodies to GPIb
and GPIIb/IIIa. Previous studies on purified vWf binding to
platelets demonstrated inhibition of ristocetin-induced vWf
binding by AP-1, a monoclonal antibody to GPIb, and inhibition
of thrombin-induced vWf by AP-2, a monoclonal antibody to
GPIIb/IIIa (9, 18). AP-2 blocks the monoclonal-labeled vWf
binding to platelets induced by thrombin (>92%) and ADP-
epinephrine (>96%) but does not block the ristocetin-induced
binding of vWf (Table I). AP-1, however, has little effect on
thrombin- or ADP/epinephrine-induced binding but blocks
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Figure 4. Crossed immunoelectrophoresis of Triton X- 100-solubilized
sedimented von Willebrand platelets that had been activated by
thrombin in the presence of labeled HDNPor von Willebrand
plasma. The AVW-l could be used to evaluate the vWf bound by
thrombin to these platelets.

ADP / Epinephrine (uM)
Figure 5. Monoclonal-labeled vWf bound to platelets by ADPand
epinephrine in the presence of normal plasma, afibrinogenemic
plasma, or HDNP. No binding of vWf was demonstrated in the pres-
ence of normal plasma, but 30-40% of the vWf was bound after ini-
tially heat defibrinating the same normal plasma or when afibrinoge-
nemic plasma was substituted as the plasma source of vWf. Maximal
binding was achieved at concentrations of 2.0 AMADPand epineph-
rine.

>94% of the ristocetin-induced vWf binding to platelets. These
results obtained with monoclonal-labeled vWf are therefore
similar to the results obtained when vWf is labeled (9, 18).

Effect of AVW-I on the thrombin-induced binding of radio-
labeled purified vWf to platelets. Although the above studies
were done on monoclonally labeled plasma vWf, we also tested

Table L Percent Inhibition of vWFBinding to Washed Platelets
by Monoclonal Antibodies to GPIb (AP-1) and GPIIb/IIIa (AP-2)

Inhibition of vWf
binding

Agonist Concentration AP-1 AP-2

Thrombin 0.5 U/ml 0 93
ADP/epinephrine 20 &M 6 97
Ristocetin 1.5 mg/ml 96 4
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the effect of excess AVW-l on thrombin-induced binding of
radiolabeled purified vWf. The results given in Table II dem-
onstrate the inhibition of thrombin-induced vWf binding to
platelets by AVW-1. Even a 20,000-fold excess of the AVW-I
used to monoclonally label plasma vWf only reduced the vWf
binding by 11%. Thus, the concentration of AVW-I used to
monoclonally label plasma vWf in our experiments did not
adversely affect the binding of the vWf. In fact, radiolabeling
vWf usually resulted in a 10-20% decrease in vWf binding
compared with monoclonally labeling the same purified vWf
(data not shown).

Binding of vWf to platelets in afibrinogenemic plasma. Since
heating of plasma may alter proteins and/or proteases other
than fibrinogen, the binding of vWf needed to be studied in
hereditary afibrinogenemic plasma. The thrombin-induced vWf
binding to afibrinogenemic platelets was similar for heat-defi-
brinated normal plasma or nonheated afibrinogenemic plasma
(Fig. 6). Likewise, ADP/epinephrine-induced vWf binding was
similar in these two preparations (Fig. 5). When monoclonal-
labeled platelet-rich afibrinogenemic plasma and washed afi-
brinogenemic platelets plus monoclonal-labeled afibrinogenemic
plasma were compared, no differences could be demonstrated
(data not shown).

Inhibition of thrombin-induced vWf binding by fibrinogen.
To study the direct inhibition of thrombin-induced vWf binding
to platelets, purified fibrinogen was added back to the afi-
brinogenemic plasma or heat-defibrinated plasma. In these ex-
periments hirudin was added after the thrombin activation of
platelets to prevent clotting of the fibrinogen. At physiologic
fibrinogen concentrations, >90% of the thrombin-induced
binding of vWf is inhibited (Fig. 7). This inhibition is dose-
dependent and is similar in heat-defibrinated normal plasma
and afibrinogenemic plasma (data not shown). During intra-
vascular consumption of fibrinogen, levels of fibrinogen com-
monly drop to <75 mg/dl. At these concentrations of fibrinogen,
thrombin will induce significant vWf binding.

Competition between vWf and fibrinogen for thrombin-in-
duced binding. At a concentration of fibrinogen (800 ug/ml)
that inhibits 60% of the maximal vWf binding induced by
thrombin at normal plasma concentrations of vWf, increased
levels of vWf overcame this inhibition as shown in Table III.

Table II. Effect of Excess AVW-J on Thrombin-induced vWf
Binding to Platelets

AVW-I added Inhibition of vWf binding

sg/ml %

o 0
0.2 1
0.3 2
1.4 5

28 10
200 1 1

0

0
0

0co

0-

3

2

HDNP_

AOP

0 0.001 0.005 0.025 0.1
Thrombin (U/mi)

Figure 6. Monoclonal-labeled vWf binding to platelets in response to
thrombin. Binding of vWf to platelets occurred when fibrinogen was
removed either by heat defibrination of normal plasma or by using
afibrinogenemic plasma as the source of vWf.

At concentrations of vWf of 640 jig/ml, maximal vWf binding
occurred. This resulted in 5.5 ,ug of vWf bound/108 platelets.

Discussion

The adhesion of platelets to damaged endothelium has been
recognized as a function of plasma vWf for several years (1-
4). This function has been studied in vitro with the induction
of platelet agglutination by the antibiotic ristocetin (1, 2, 4).
Studies suggested that ristocetin mediated this response through
the binding of vWf to platelet glycoprotein lb (10-12). This was
recently confirmed by the blocking of ristocetin-induced vWf
binding with monoclonal antibodies to GPIb (9, 13, 18, 19).
The physiologic mechanism for this adhesion process in vivo
has not been elucidated. When thrombin-induced and ADP/
epinephrine-induced vWf binding were demonstrated, a possible
physiologic mechanism was suggested (5, 7). However, mono-
clonal antibody studies demonstrated that the binding site for
vWf was different for these agonists and showed that thrombin-
and ADP/epinephrine-induced vWf binding was to GPIIb/IIIa
and not to GPIb (9).

The recent reports demonstrating this thrombin-induced
binding of vWf to platelets have used purified vWf and washed
platelets (5, 7-9). Although one report claimed a lack of inhi-
bition of vWf binding by fibrinogen (5), none of the reports

426 J. Schullek, J. Jordan, and R. R. Montgomery

I



Go-

40

o 30 Thrombin

20

10,

5
4

3

2

0 0.1 0.2 0.5 1.0 8.4

Fibrinogen concentration (mg/ml)

studied this binding in the presence of normal plasma proteins.
Furthermore, the binding studies were performed with purified
vWf. Since most methods for purifying vWf use molecular size
as a major step in purification, this may result in the restriction
of the size of the multimers separated because of the marked
heterogeneity in molecular weight of the plasma vWf multimers.
Therefore, a method was needed that would permit the labeling
of all the plasma vWf multimers and would permit the binding
to be performed in the presence of other plasma proteins. In
the process of developing monoclonal antibodies to plasma vWf,

Table III. Competition between vWf and Fibrinogen for
Thrombin-induced Binding to Platelets

Fibrinogen vWf Inhibition of vWf binding*

,sg/ml sg/ml %

800 50 64
800 100 54
800 200 58
800 320 54
800 400 29
800 640 0

* % inhibition =
vWf binding (no fibnnogen) - vWf binding (fibrinogen)

vWf binding (no fibrinogen)

Figure 7. Inhibition of vWf binding to thrombin-stimulated plate-
lets by fibrinogen. Normal plasma was heat defibrinated at 560C
and mixed with the radiolabeled monoclonal antibody to vWf. Var-
ious concentrations of purified fibrinogen were added. For the ADP
binding experiments, these plasma mixtures were added to washed
normal platelets and activated with ADP/epinephrine. For the
thrombin experiments, washed normal platelets were activated with
thrombin and then the free thrombin inactivated with hirudin 1 U/
ml. The activated platelets were added to the monoclonal-labeled
HDNPand fibrinogen mixtures for 30 min and the platelet-bound
vWf determined. Although at concentrations of fibrinogen < 1 mg/
ml, vWf binding did occur, normal plasma concentration of fibrin-
ogen inhibited this binding.

two monoclonal antibodies were identified that bound to all
multimers of plasma vWf, yet did not inhibit the binding of
vWf to platelets by ristocetin, thrombin, or ADP/epinephrine.
Preliminary studies with ristocetin-induced binding of vWf sug-
gested that AVW-1 could be radiolabeled and used to tag the
plasma vWf. This specifically radiolabeled all of the vWf mul-
timers without the need to purify vWf, during which trace
amounts of other plasma proteins such as fibrinogen might be
copurified and subsequently radiolabeled. Even a 20,000-fold
excess of this monoclonal antibody did not significantly reduce
the vWf binding induced by thrombin. Most investigators seek
monoclonal antibodies with a specificity for inhibition of an
activity or mechanism. Our studies, however, demonstrate a
specific use for noninhibitory monoclonal antibodies that may
be used as tags for following specific proteins in complex phys-
iologic reactions. This method may be used when purification
of a protein is difficult or undesirable, as well as when radio-
labeling alters a protein's function.

In our studies we demonstrate the inhibition by fibrinogen
of the thrombin-induced and ADP-epinephrine-induced binding
of vWf to platelets. Using the method of labeling the specific
plasma protein (vWf) with a radiolabeled monoclonal antibody
to vWf permits the study of vWf binding in the presence of
other normal plasma proteins. Our studies fail to show ADP-
epinephrine- or thrombin-induced vWf binding in the presence
of normal plasma proteins. Modification of the plasma by heating
to reduce the amount of fibrinogen resulted in the identification
of agonist-induced vWf binding similar to that seen with purified
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vWf and washed platelets. Since heating at 560C might result
in the modification of other proteins, we studied vWf binding
in plasma from a patient with severe afibrinogenemia. The vWf
binding in HDNPwas identical to that seen in afibrinogenemic
plasma. In both plasmas, this vWf binding was inhibited by the
addition of normal purified human fibrinogen in a concentration-
dependent manner.

At physiologic concentrations of fibrinogen, vWf binding to
platelets by either thrombin or ADP/epinephrine does not appear
to occur. Thus, these agonists are most likely not stimuli for
platelet adhesion in vivo, and vWf binding may not play a role
in platelet aggregation. In patients with afibrinogenemia or with
a pathologic decrease in plasma fibrinogen, however, this mech-
anism may be operational and be an alternative pathway for
platelet aggregation and/or adhesion. The inhibition of vWf
binding by moderate levels of fibrinogen may be overcome with
excess vWf, thereby suggesting competitive binding.

A method for screening monoclonal antibody without pu-
rifying an antigen was also developed. This method permits the
detection of hybridoma antibodies to vWf by "rocket inhibition"
of normal plasma vWf when quantitative immunoelectropho-
resis is carried out against polyspecific rabbit anti-vWf. This
method has been applied to the detection of monoclonal an-
tibodies to platelet membrane GP (Kunicki, T. J., and R. R.
Montgomery, unpublished observations). This method is par-
ticularly helpful when a complex polyspecific antibody is avail-
able (i.e., anti-whole platelet antisera) and a crude immunogen
is used. Multiple monoclonal antibodies may be detected without
purifying each individual protein for individual monoclonal
screening. If a precipitating polyspecific antibody is available
for a given antigen, even normal plasma may be used as the
source for screening antigen.
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