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are often hampered, however, by the limited avail-
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To obtain mouse-specific monoclonal antibodies
mAbs) against platelet proteins, an Armenian ham-
ter was immunized with washed mouse platelets. Im-
une splenocytes were then fused with a nonsecret-

ng murine myeloma cell line, and the resulting
eterohybridomas were screened for antibody pro-
uction utilizing an ELISA in which the target antigen
as mouse platelets adsorbed onto microtiter plates in

he presence of thrombin. Secondary screening assays
ncluded ELISA tests using murine fibrinogen or plate-
ets from b3-integrin knockout mice, flow cytometry,
mmunoblotting, immunoprecipitation, and a func-
ional assay to identify antibodies that inhibit
latelet–fibrinogen interactions. Hybridoma cells pro-
ucing hamster mAbs against murine glycoprotein
GP) IIb/IIIa, fibrinogen, CD9, and other platelet inte-
rins were identified. Two hybridomas (1B5 and 9C2)
roducing antibodies that react with the GPIIb/IIIa
omplex in immunoprecipitation analysis were sub-
loned twice. Functional analyses by means of aggre-
ation and adhesion assays revealed that 1B5 com-
letely inhibits platelet–fibrinogen interactions, whereas
C2 does not affect platelet aggregation or platelet
dhesion. © 1999 Academic Press

Animal models based on wild-type mice and geneti-
ally manipulated mice have significantly furthered
ur understanding of the physiology and pathophysiol-
gy of the hemostatic system (for reviews, see 1, 2). A
umber of hemostasis-related proteins have been tar-
ets for transgenic engineering or gene disruption, and
any more are likely to be investigated by these tech-
iques in the future. Such experimental approaches

1 These authors contributed equally to this study.
2 To whom correspondence should be addressed at Department of
edicine, Mount Sinai School of Medicine, One Gustave L. Levy
lace, New York, NY 10029. Fax: 212 876 5844. E-mail: bcoller@
mtplink.mssm.edu.
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bility of appropriate monoclonal antibodies (mAbs)
hat react with mouse proteins. mAbs to mouse an-
igens have previously been generated by utilizing
ats or hamsters as host animals [3]. Syrian and
rmenian hamsters develop good immune responses

o a variety of mouse immunogens, and their spleno-
ytes are excellent fusion partners with mouse my-
loma cells [4, 5]. The resulting hybridomas grow
ell in tissue culture [6, 7] or as ascites tumors in
ude or immunosuppressed rodents [8, 9], and the
ntibodies can be isolated by standard purification
echniques.

Our laboratory has focused on the biochemistry
nd physiology of human blood platelets using mu-
ine mAb directed at platelet surface glycoprotein
eceptors to study platelet function. One of the anti-
odies we developed to the major platelet receptor
ediating platelet aggregation, the integrin GPIIb/

IIa (aIIbb3; CD41/CD61 [10, 11]), was redesigned as
chimeric Fab and is now used widely as an anti-

latelet agent to prevent ischemic complications of
nstable angina and percutaneous coronary inter-
entions [12]. This antibody does not, however, react
ith murine platelets and thus cannot be used to
ssess the impact of inhibition of murine GPIIb/IIIa
n murine models of disease. Our goal, therefore, was
o produce at least one antibody that inhibits murine
latelet GPIIb/IIIa function and another antibody to
urine GPIIb/IIIa that does not inhibit platelet

unction that could serve as a control.
Since the supply of antibodies to mouse glycoprotein

eceptors is quite limited, and to our knowledge, there
re no published reports of using mouse platelets to
mmunize hamsters for the purpose of making mono-
lonal antibodies, we investigated the ability of an Ar-
enian hamster to make antibodies to murine plate-

ets. We report on the screening strategy we developed
nd the specificities of the antibodies produced.
0006-291X/99 $30.00
Copyright © 1999 by Academic Press
All rights of reproduction in any form reserved.
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Isolation of platelets. Mice from different wild-type lineages
C57Bl/6, BALB/c; Jackson Laboratory, Bar Harbor, ME) as well as
omozygous integrin b3-knockout strains with a mixed 129 and
57Bl/6 background [13] were anesthetized by placing them in a
overed glass beaker containing evaporated methoxyflurane (Meto-
ane; Pitman-Moore, Mundelein, IL) and bled (;0.5 ml) by puncture
f the retrobulbar venous plexus with a glass capillary [14]. For
mmunizations, the blood was collected into EDTA-containing micro-
ubes (10 mM final concentration) and centrifuged at 100g for 7 min
t 22°C. The resulting platelet-rich plasma (PRP) was harvested,
hile the erythrocyte pellet was resuspended in an equal volume of
0 mM Tris/HCl, 150 mM NaCl, 10 mM EDTA, pH 7.4 (TBS/EDTA),
nd centrifuged at 100g for 3 min. The platelet-rich buffer (PRB)
hus obtained was pooled together with the PRP, and the red cell
raction subjected to a third extraction with the above buffer in order
o yield an additional volume of PRB. Thus, PRP/PRB pools of ;0.6
l (;2 3 108 platelets/ml) were routinely obtained per animal.
latelet counts were obtained using a particle counter (Coulter
ounter Z1, Beckman-Coulter Inc., Miami, Florida; settings 1.43–
.83 mm).
For other studies, mouse blood was anticoagulated with 0.1 vol of

.8% sodium citrate and the PRP/PRB prepared by using modified
yrode’s buffer [138 mM NaCl, 2.7 mM KCl, 0.4 mM NaH2PO4, 12
M NaHCO3, 10 mM 4-(2-hydroxyethyl)-1-piperazine-2-ethanesul-

onic acid (Hepes), 0.2% bovine serum albumin (BSA; Sigma Chem-
cal Co., St. Louis, MO), 0.1% glucose, pH 7.4] instead of TBS/EDTA.
RP from human blood was prepared as previously described [15].

Production of monoclonal antibodies. Mouse PRP/PRB was
ashed three times in TBS/EDTA by repetitive centrifugations at
000g for 8 min at 22°C. After the final centrifugation the pelleted
latelets were resuspended in 10 mM sodium phosphate, 150 mM
aCl, pH 7.4 (PBS) to a count of ;4 3 109/ml and mixed with an

qual volume of Freund’s adjuvant (Sigma Chemical Co.) [15]. A
olume of 0.3 ml of this suspension was then injected intraperitone-
lly into a 4 month old male Armenian hamster (Cytogen Inc.,
ambridge, MA) under methoxyflurane anesthesia. Another 3 simi-

arly prepared platelet preparations were given at one week inter-
als, followed by 2 injections at 20 day intervals. The serum of the
nimal was subsequently screened for antibodies to platelet antigens
y the screening assays described below. Six months after the last
ntraperitoneal injection and three days before the fusion, a final
oost of 2.4 3 108 platelets without adjuvant was given intrave-
ously into the jugular vein of the anesthetized hamster [5].
The hamster–mouse hybridomas were prepared as we previously

repared murine hybridomas, with some modifications [5, 15–17].
amster splenocytes were fused to murine SP2/0-Ag14 myeloma

ells (American Type Culture Collection, Rockville, MD) at a 1:4
yeloma to spleen cell ratio by drop-wise addition of 50% polyeth-

lene glycol (PEG; EM Science, Germany) to the cell pellet. The PEG
as washed away with serum-free DMEM, and the fused cells were
irectly resuspended in selective Iscove’s modified Dulbecco’s me-
ium (GIBCO-BRL Life Technologies, Gaithersburg, MD) containing
0% fetal calf serum (FCS) and supplements (penicillin, streptomy-
in, L-glutamine, sodium pyruvate, and hypoxanthine/aminopterin/
hymidine) according to standard protocols, and distributed into 10
6-well plates. The supernatants from hybridoma-containing wells
ere collected, assayed, and selected for subcloning twice by limiting
ilution.

ELISA screening. Primary screening was performed with an
LISA adapted from published protocols [18, 19]. PRP/PRB, col-

ected from C57Bl/6 mice as described above, or human PRP, was
entrifuged once in the presence of 0.16 volume of acid-citrate dex-
rose at 2000g for 10 min at 22°C. The pelleted platelets were
esuspended to a count of 4 3 107/ml in modified Tyrode’s buffer
ontaining 2 mM MgCl2 and 50-ml aliquots were added to flat-
168
nc., Naperville, IL) containing 10 ml of 12 U/ml human thrombin
Sigma Chemical Co.). Platelets were deposited onto the bottom
urface of the wells by centrifugation at 900g for 10 min at 22°C and
he plates were stored overnight or until use within 10 days at 4°C.
fter blocking the wells with 100 ml of TBS (150 mM NaCl, 10 mM
ris/HCl, pH 7.4) containing 0.05% Tween and 3% BSA for 1 h at
2°C and three successive washings with 100 ml TBS/0.05% Tween,
0 ml of supernatant culture medium, serum, or control mAb (see
elow) were added and incubated for at least 1 h. Wells were incu-
ated with a mixture of two biotin-labeled mouse anti-hamster sec-
ndary mAbs (PharMingen, San Diego, CA; anti-hamster IgG cock-
ail clones G70-240 and G94-56; 50 ml at 2.5 mg/ml in TBS) followed
y an alkaline phosphatase-conjugated goat anti-biotin tertiary an-
ibody (Vector, Burlingame, CA; 1:500). Immunoreactivity was de-
ected with a chromogenic substrate (BCIP/NBT; Sigma Chemical
o.) according to the manufacturer’s instructions with absorbance
easured at 405 nm after a 30-min incubation. A sample was con-

idered positive if the absorbance was $0.8 optical density units.
econdary screening employed essentially the same ELISA protocol,
ut b3-null platelets, human platelets, mouse fibrinogen (Sigma
hemical Co.), or human fibrinogen (Enzyme Research Laboratories,
outh Bend, IN) were used instead of wild-type mouse platelets.
ibrinogen was coated at a concentration of 10 mg/ml in 50 mM Tris,
00 mM NaCl, pH 7.4, and the plates were developed 1 h later as
utlined above.
Serum from the immunized hamster (serially diluted from 1:5,000

o 1:80,000 in culture medium) as well as a commercially available
amster anti-mouse integrin-b3 mAb (PharMingen clone 2C9.G2; 20
g/ml in culture medium) were used as positive controls, whereas
erum from a nonimmune hamster (1:5,000 in culture medium), and
hamster anti-trinitrophenol IgG isotype control mAb (PharMingen

lone A19-3; 20 mg/ml in culture medium) served as negative con-
rols.

Flow cytometry. Murine PRP/PRB or human PRP was diluted to
.5–1 3 108/ml with modified Tyrode’s buffer containing 2 mM
gCl2. Aliquots of 50 ml were incubated with 25 ml of culture super-

atant or hamster mAbs (at a final concentration of 2 mg/ml) for 1 h
t 22°C. An FITC-conjugated mouse anti-hamster secondary mAb
PharMingen) was then added (5 mg/ml final concentration) and the
ixture incubated for another hour at 22°C. Finally, the samples
ere diluted by addition of 1 ml of modified Tyrode’s buffer before
nalyzing in a Coulter flow cytometer.

Immunoblot analysis. Native or reduced murine fibrinogen solu-
ilized in electrophoresis sample buffer [60 mM Tris/HCl, pH 6.8,
ontaining 10% glycerol, 2% sodium dodecyl sulfate (SDS), 0.05%
romophenol blue] at 0.3 mg/ml, or SDS-solubilized mouse platelet
ysates prepared as previously described [20], were separated by
DS–polyacrylamide gel electrophoresis (PAGE), electroblotted onto
olyvinylidene difluoride membranes (PVDF; Millipore, Burlington,
A), and subjected to immunoblot analysis using serum from the

mmunized hamster, a nonimmune control hamster (1:1,000 in TBS/
.1% BSA), or supernatant culture medium (1:5 in TBS/0.1% BSA).

Immunoprecipitation. Platelets were labeled with biotin in order
o detect surface-exposed proteins containing primary amines [21,
2] by incubation (2 3 109 platelet/ml) with sulfo-N-hydroxysuc-
inimide biotin (sulfo-NHS–biotin; Pierce Chemical Co. (Rockford,
L); 5 mM final concentration) for 30 min at 22°C. After three washes
ith TBS/EDTA containing 5 mM glycine (Fisher Scientific, Pitts-
urgh, PA), the platelets were lysed at a count of 1 3 108/ml in 4°C
BS/EDTA containing 1% Triton X-100, 0.1 mM phenylmethylsulfo-
yl fluoride, 1% aprotinin, 6 mM N-ethylmaleimide (NEM) and 100
g/ml leupeptin (all compounds from Sigma Chemical Co.) for 30
in. Biotinylated platelet lysates were precleared with a mixture of

rotein A and G-Sepharose beads (Pharmacia, Piscataway, NJ). The
esulting supernatant was added in equal volumes (50 ml) to hybrid-
ma culture supernatants, hamster anti-mouse b3 integrin mAb, rat
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g/ml in culture medium) and then incubated for at least 2 hours at
°C. The immune complexes were isolated with protein A/G-coated
epharose beads and dissociated by boiling in SDS; the proteins were
hen separated by SDS–PAGE, electroblotted onto PVDF mem-
ranes, and visualized by means of enzyme-conjugated streptavidin.

Antibody purification. Purification of the antibodies was per-
ormed on a Poros Protein G perfusion chromatography column in a
ioCAD Sprint 250 liquid chromatograph (PerSeptive Biosystems,
ramingham, MA) according to the manufacturer’s procedure. In
rief, the column was first equilibrated with 150 mM NaCl, 50 mM
odium phosphate, pH 8.0, and then directly loaded with tissue
ulture supernatant. After extensive washing with equilibration
uffer, the antibodies were eluted with 150 mM NaCl, 0.1% HCl.
lternatively, antibodies were purified by subjecting culture super-
atant to 50% (NH4)2SO4 precipitation, followed by chromatography
f the dialyzed precipitates on a nProtein A AvidGel F column (Uni-
yn; Tustin, CA). The bound proteins were eluted by lowering the pH
n a stepwise fashion [15].

Determination of mAb isotype. Purified mAbs were characterized
y an ELISA [17] involving capture with mAbs specific for anti-
amster light chain k or l and detection with mAbs specific for
rmenian hamster IgG1 (clone G94-56), IgG1 and IgG2 (clone G94-
0.5), IgG2, IgG3, and IgG4 (clone G192-1), or IgG1, IgG2, and IgG3

hamster IgG cocktail) from PharMingen.

Platelet aggregation. Mouse PRP/PRB (adjusted to ;1.4 3 108

latelets/ml with modified Tyrode’s buffer containing 1 mM MgCl2)
as incubated with varying quantities of purified antibody (0–20
g/ml final concentration) for 15 min, after which aggregation was

nitiated by the addition of 10 mM ADP (Chronolog, Havertown, PA).

Platelet adhesion. Isolated mouse platelets (3 3 108/ml) were
ncubated with Na2

51Cr O4 (ICN, Costa Mesa, CA) in normal saline
or 30 min at 37°C (50 ml 51Cr per 1 ml platelet suspension). Follow-
ng the addition of 0.5 mM prostaglandin E1 (Sigma Chemical Co.),
he platelets were centrifuged at 2000g for 12 min and resuspended
o a count of 1–3 3 108/ml in modified Tyrode’s buffer containing
.35% BSA and 1 mM MgCl2. Microtiter plate wells (Polysorp, Nunc)
ere coated with 10 mg/ml of mouse fibrinogen for 1 h at 22°C, and
locked with modified Tyrode’s buffer containing 0.35% BSA. Fibrin-
gen was .95% pure as judged by SDS–PAGE analysis, and $95%
lottable. To measure adhesion, 50-ml aliquots of platelet suspension
ere added to the wells and incubated for 2 h at 22°C. In some

nstances, platelets were pretreated with increasing quantities of
Ab 1B5 (0–10 mg/ml final concentration) for 30 min at 22°C. Un-

ound platelets were removed by inverting the plates and washing
hree times with 100 ml of modified Tyrode’s buffer containing 0.35%
SA and 1 mM MgCl2. Platelet adhesion was quantitated by mea-
uring 51Cr bound per well in a gamma spectrometer (Packard In-
trument Co, Meriden, CO). Results are expressed as mean 6 SD of
riplicate samples.

ESULTS

Identification of antigen specificities. Serum from
he immunized Armenian hamster immunoblotted
ild-type nonreduced platelet proteins with molecular
asses of $300, 210, 115, 90, and 70 kDa (data not

hown). The nonimmune control serum did not react
ith any of these proteins. When using platelet lysate

rom integrin-b3 knockout mice instead of wild-type
ice, only bands at 210 and 115 kDa could be detected.
ince platelets from b3-null mice lack surface-
xpressed GPIIb and GPIIIa, and contain only small
mounts of fibrinogen [13], we suspected that GPIIIa
169
;90 kDa) and fibrinogen (340 kDa) were the predom-
nant immunogens. The identity of the 70-kDa protein
s not known.

Fusion of the immune hamster splenocytes to mu-
ine myeloma cells resulted in the growth of hybridoma
ells in all 960 wells. Ten days after the fusion ;85% of
he culture supernatants were positive in the ELISA
gainst wild-type platelets. After additional testing
ith ELISAs employing murine fibrinogen and

ntegrin-b3 null mouse platelets, the cells in 210 (22%)
ells were expanded and frozen for storage.
Immunoblot and immunoprecipitation analyses
ere used to further elucidate the antibody specifici-

ies. Based on the results of these assays, 43 clones
ppeared to produce antibodies that reacted with fi-
rinogen, 2 with a 250-kDa protein, 5 with a 210-kDa
rotein, 8 with GPIIb/IIIa, 4 with a 150-kDa protein, 3
ith proteins of 70–85 kDa, and 16 with a doublet of
roteins ,40 kDa. Results of a representative immu-
oprecipitations of surface-biotinylated mouse platelet
roteins using different clones is illustrated in Fig. 1.
he clones whose supernatants gave particularly high
ignals in the screening assays are summarized Table 1.

Hamster mAb to mouse GPIIb/IIIa. The culture su-
ernatants from wells 1B5 and 9C2 reacted strongly
ith mouse wild-type platelets in the ELISA, but did
ot react with b3-deficient platelets or fibrinogen. Im-

FIG. 1. Immunoprecipitation of surface-biotinylated platelet
roteins by selected hybridoma culture supernatants. Murine wild-
ype platelets labeled with sulfo-NHS-biotin were solubilized and
ncubated with hamster isotype control (lane 1) or supernatant from
ells 1B5 (lane 2), 7E9 (lane 3), 9C2 (lane 4), 7F3 (lane 5), or 4H8

lane 6). The immunoprecipitated proteins were separated by SDS–
AGE and the bands identified by streptavidin–HPR. The protein of

r 210,000 appear to be contaminating mouse IgG that most likely
as present on the surface of the platelets during the biotinylation

eaction.
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unoprecipitation analysis demonstrated that the su-
ernatants reacted with two major bands of Mr 135,000
nd 92,000 when separated under non-reducing condi-
ions (Fig. 1) and Mr of 120,000 and 108,000 when
eparated under reducing conditions (data not shown).
he migration of these bands is characteristic of hu-
an and mouse GPIIb/IIIa [2, 24]. Further support for

he identification of GPIIb/IIIa as the immunoprecipi-
ated material came from the similarity to bands im-
unoprecipitated by the commercially available ham-

ter anti-mouse integrin-b3 mAb. Neither 1B5 nor 9C2
xhibited binding to human platelets in the ELISA or
n flow cytometry, nor did they react with mouse plate-
ets in immunoblots. The latter observation suggests
hat the epitopes are complex-specific and/or are al-
ered by SDS-induced conformational changes.

Since one of our major goals was to develop antibod-
es to murine GPIIb/IIIa, 1B5 and 9C2 were subcloned
wice by limiting dilution, and the secreted antibodies
solated by affinity chromatography. ELISA-based sub-
ype analysis revealed that mAb 1B5 is of the IgG3 k
lass and mAb 9C2 is of the IgG1 l class. Flow cyto-
etric analysis confirmed that purified mAb 1B5 re-

cts with surface proteins present on wild-type but not
3-integrin-deficient mouse platelets (Fig. 2). Purified
Ab 1B5 inhibits ADP-induced platelet aggregation in
dose dependent fashion, with complete inhibition

chieved at ;10 mg/ml (Fig. 3). The platelets, however,
re still able to undergo their characteristic shape
hange, as revealed by the transient increase in optical
ensity after ADP is added. This pattern is identical to
hat observed when b3-integrin-deficient mouse plate-
ets are stimulated with ADP, when antibodies to hu-

an GPIIb/IIIa are added to normal human platelets,
r when platelets from patients with Glanzmann
hrombasthenia, which lack GPIIb/IIIa on an inherited

Relative Reactivities and Inferred Antigen Speci

Clone

ELISA Flow cytom

Platelets Fibrinogen Platelet

WT b3-Null Human Murine Human WT b3-Null

B5 111 2 2 2 2 111 2

C2 111 2 2 2 2 111 2

E9 111 111 1 111 1 nd nd
E7 111 1 2 111 2 nd nd
A1 111 1 2 111 2 nd nd
0C6 111 111 2 2 2 111 111
D11 111 111 2 2 2 111 111
F3 11 11 1 2 2 11 11

H8 111 1 1 2 2 nd nd

Note. WT, wild type; nd, not done.
170
asis, are tested [13, 24]. 1B5 (10 mg/ml) inhibited
51Cr-labeled murine platelet adhesion to immobilized

urine fibrinogen by 85% (1045 6 10 3 103 adherent
latelets/well in the absence versus 158 6 16 3 103

dherent platelets/well in the presence of 1B5; n 5 3),
hich was essentially identical to inhibition by 5 mM
DTA (86%). In contrast, 9C2 did not interfere with
ither platelet aggregation or platelet adhesion (data
ot shown).

Hamster mAb to mouse fibrinogen. The culture su-
ernatants from wells 7E9, 2E7, and 7A1 all reacted
trongly with mouse platelets and mouse fibrinogen in
he ELISAs. 7E9 also bound to human fibrinogen in

ties of Generated Hamster–Mouse Hybridomas

y Immunoblotting Immunoprecipitation

Specificity

Mr Mr

uman Nonreduced Reduced Nonreduced Reduced

2 2 2 135,000 124,000 GPIIb/IIIa
90,000 103,000

nd 2 2 135,000 124,000 GPIIb/IIIa
90,000 103,000

nd 340,000 48,000 340,000 nd Fibrinogen
nd 340,000 2 nd nd Fibrinogen
nd 340,000 60,000 nd nd Fibrinogen
2 25,500 25,500 25,500 25,500 CD9
2 nd nd 25,500 25,500 CD9
2 2 2 160,000 nd b1 integrin

140,000
nd nd 70,000 nd 70 kDa

FIG. 2. Flow cytometric analysis of purified mAb 1B5. PRP/PRB
1 3 108/ml) from wild-type (WT; small dashed line), b3-heterozygous
HET; medium dashed line), and b3-null (NULL; thick solid line)

ice was incubated with 5 mg/ml 1B5 or an isotype control mAb
control IgG; thin solid line), followed by an FITC-mouse anti-
amster secondary mAb.
fici

etr

s
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LISAs, whereas 2E7 and 7A1 did not. Each superna-
ant immunoblotted non-reduced murine fibrinogen
Mr 340,000) and the results with 2E7 are shown in
ig. 4A. When tested with reduced fibrinogen, 7E9
electively reacted with the g chain (Mr 48,000), 2E7
id not show any reactivity, and 7A1 selectively recog-
ized the a chain (Mr 60,000) (Fig. 4B). Of the other
0 clones that recognized fibrinogen, 16 were tested
or reactivity against reduced murine fibrinogen by

FIG. 3. Inhibition of ADP-induced platelet aggregation by mAb
B5. Aliquots of fresh mouse PRP/PRB (;1.4 3 108/ml) were incu-
ated with increasing quantities of purified mAb 1B5 (0-10 mg/ml
nal concentration) for 15 min at 37°C. ADP (10 mM final concen-
ration) was added, and the changes in light transmission recorded
y an optical aggregometer.

FIG. 4. Immunoblot analysis with culture supernatants from
brinogen were separated by SDS–PAGE, and then electroblotted
upernatants or immunized hamster serum (1:1000) as indicated and
onjugated goat anti-hamster antibody.
171
brinogen.

Hamster mAb to mouse CD9. The culture superna-
ants from wells 10C6 and 1D11 were positive in
LISAs and flow cytometric analysis utilizing both
ild-type and b3-deficient murine platelets, but nega-

ive with human platelets. Immunoprecipitation anal-
sis with 10C6 and 1D11 yielded a band at Mr 25,500
reduced and nonreduced; Fig. 5A). A band at the same

r was immunoprecipitated by a commercially avail-
ble rat anti-mouse CD9. Moreover, 10C6 immunoblot-
ed a Mr 25,500 protein in platelet lysates and in the
mmunoprecipitate formed by incubating the lysate
ith a known anti-CD9 mAb (Fig. 5B). We therefore

onclude that 10C6 and 1D11 produce antibodies
gainst murine CD9. Fourteen other antibodies re-
cted by immunoprecipitation or immunoblot analysis
ith protein(s) of Mr , 40,000 (see Fig. 1; 4H4) and

ome of these may also be anti-CD9 antibodies.

Hamster mAb to murine platelet b1 integrins. The
ulture medium obtained from well 7F3 reacted with
ild-type and b3-integrin-null platelets but not human
latelets in both ELISAs and by flow cytometry. Im-
unoprecipitation gave a major band at Mr ;155,000

nd a minor band at Mr ;135,000 (Fig. 1). In previous
tudies designed to prepare monoclonal antibodies to
uman platelet surface receptors, we obtained a simi-

ar pattern for a GPIa/IIa-specific antibody [25]. These
bservations suggest that the 7F3 hybridoma produces

ls 7E9, 2E7, and 7A1. Non-reduced (A) and reduced (B) murine
nto PVDF membranes. The lanes were reacted with the diluted
en developed by sequential reactions with an alkaline phosphatase-
wel
o

th
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n antibody that recognizes murine GPIa/IIa (a2b1;
D49b/CD29) or another murine platelet integrin.

ISCUSSION

Our studies demonstrate that antibodies to murine
latelets, including antibodies that inhibit murine
latelet GPIIb/IIIa function, can be generated by im-
unizing an Armenian hamster with murine platelets

nd fusing the splenocytes to a nonsecretory mouse
yeloma cell line. Compared to our previous experi-

nce with murine monoclonal antibodies using the
3X63-Ag8.653 myeloma cell line for fusion, the high

usion frequency and high frequency of antiplatelet
roduction were remarkable. The immunization sched-
le employed and/or the choice of the SP2/0-Ag14 my-
loma cell line may be responsible for these results.
right et al. made similar observations when using
P2/0 cells as fusion partner for hamster splenocytes

16]. However, in our study a fairly high number

FIG. 5. Immunoprecipitation analysis with purified mAb 10C6 an
nd incubated with purified mAb 10C6 (lane 1), 1D11 (lane 2), hams
lane 4). The immunoprecipitated proteins were separated by SDS
treptavidin. Immunoblot analysis with purified mAb 10C6 (B). Pla
latelet lysate with mAb 10C6 (lane 2), mAb 1D11 (lane 3), a known
eparated by SDS–PAGE, transferred to PVDF membranes, and im
ncubating with an alkaline phosphatase conjugated goat anti-hams
172
;60%) of initially positive hybridomas proved to be
nstable, or required repeated cycles of cloning and
xpansion to be maintained.
The hybridomas generated were subsequently

creened with an ELISA utilizing platelets attached to
icrotiter plates in the presence of thrombin. Throm-

in stimulation ensured maximum expression of
PIIb/IIIa on the surface of the adsorbed platelets and
lso resulted in the surface expression of glycoproteins
hat are ordinarily selectively contained in granule
embranes, such as P-selectin. The availability of

latelets from mice deficient in b3 helped us to rapidly
ake a preliminary antibody-specificity assignment,

ince these platelets have no GPIIIa, virtually no
PIIb, and little fibrinogen.
Based on the binding patterns yielded by the differ-

nt ELISAs, the cultures could be classified into three
ategories as follows: (1) anti-GPIIb/IIIa antibodies,
hich gave high signals in the ELISA using wild-type
latelets but no binding with either b3-integrin-

D11. (A). Sulfo-NHS-biotin labeled-murine platelets were solubilized
IgG control (lane 3), or a known rat anti-mouse CD9 mAb (KMC8)

AGE and the bands identified by alkaline phophatase-conjugated
et lysate (lane 1) or the immunoprecipitates formed by incubating
t anti-mouse CD9 mAb (KMC8) (lane 4), or mAb 1B5 (lane 5) were

noblotted with mAb 10C6 (5 mg/ml). The reaction was visualized by
antibody (1:5000) and BCIP/NBT.
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deficient platelets or fibrinogen; (2) anti-fibrinogen an-
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ibodies, which were positive in the ELISA using wild-
ype platelets and fibrinogen, but only weakly positive
ith b3-integrin-null platelets; and (3) antibodies to
ther platelet surface components, which were positive
n ELISAs using both wild-type and b3-deficient plate-
ets and negative with fibrinogen.

Immunoblot and immunoprecipitation analyses dem-
nstrated antibodies of at least four specificities (GPIIb/
IIa, fibrinogen, CD9, and most likely a b1 integrin) as
ell as antibodies to less well characterized antigens. Of
ajor importance, were the antibodies that recognized
PIIb/IIIa. mAb 1B5 is able to inhibit ADP-induced ag-
regation of mouse platelets with a potency comparable
o that of the earlier reported human-specific mouse mAb
0E5 [24], indicating that murine GPIIb/IIIa, like human
PIIb/IIIa, plays a dominant role in platelet function. In
ddition, we were able to produce a GPIIb/IIIa-specific
Ab (9C2) that is devoid of any inhibitory activity, thus

roviding a useful control for studies to assess the effects
f 1B5. The large number of hybridomas producing anti-
odies to murine fibrinogen suggest that there are signif-
cant differences between the murine and hamster pro-
eins. These antibodies should be of value in assessing
he correlation between murine fibrinogen structure and
unction, as well as providing insights into the evolution
f the protein.
In conclusion, this paper demonstrates the utility of
rmenian hamsters to produce monoclonal antibodies

o murine platelet proteins. These antibodies may be
aluable reagents to study murine platelet function
nd to assess the role of murine GPIIb/IIIa in murine
isease models.
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