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Abstract

The interaction of fibrinogen with monocytes was studied. After
stimulation with ADP(10 jiM) or thrombin (1 U/ml), platelet-
free suspensions of human monocytes bind 1251-fibrinogen with
two different affinities in a specific and Ca2+-dependent reaction
with saturation at 5.80-7.35 X 1o-7 Mof added protein. The
binding of fibrinogen to specific receptors on monocytes induces
the procoagulant activity of these cells. Thrombasthenic cells or
normal monocytes preincubated with a monoclonal antibody to
the platelet glycoprotein IUb/IlIa complex (1OE5) do not bind
fibrinogen and have no procoagulant activity. Metabolic studies
with I35Slmethionine revealed that cultured monocytes actually
synthesize a surface antigen precipitated by lOE5 antibody as a
major band with 92,000 relative molecular weight. Our data in-
dicate that monocytes express receptors for fibrinogen only in
part related to the platelet glycoprotein IIb/Illa complex. Fur-
thermore, the binding of fibrinogen to monocytes enhances the
cooperation of these cells in hemostasis.

Introduction

Humanmonocytes have many different functions in the immune
response. These cells mediate the scavenging of tissues and body
fluids (1, 2), humoral cooperation with peripheral lymphocytes
(3, 4) and antibody-dependent cellular cytotoxicity (5). More-
over, monocytes widely interact with the hemostatic system.
Procoagulant activity (PCA)' after stimulation with several agents
(6-1 1), membrane binding of plasma coagulation factors (12),
association of fibrin to the cell surface (13-15), ability to syn-
thesize and secrete fibronectin ( 16) or thrombospondin ( 17) are
indications of the important participation of monocytes in co-
agulation. There have also been reports indicating that the gly-
coprotein IIb/IIIa complex (GP IIb/IIIa complex), a receptor
for fibrinogen on platelets (18-23), is also present on normal
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monocytes (24-26) but not on either cell in Glanzmann's
thrombasthenia (25, 26), but these observations have recently
been challenged (27, 28). Wenow show that normal monocytes
synthesize receptors for fibrinogen, functionally similar to but
not identical with the platelet GP HIb/Illa complex and, fur-
thermore, that fibrinogen binding to monocytes is necessary
for PCA.

Methods

Materials
Plastic, sterile disposable syringes, pipettes, and petri dishes (60 mmc)
were from Falcon Labware Division (Becton Dickinson Co., Oxnard,
CA). Sterile pyrogen-free water was from Travenol Laboratories (Rome,
Italy). Micro-Eppendorf tubes were from Sarstedt (Numbrecht, Federal
Republic of Germany). EDTA, disodium salt, was from Carlo Erba,
Milan, Italy. Bovine serum albumin (fraction V) (BSA), 2-dithiothreitol
(DTT), a-naphthyl acetate esterase, sodium ADP, E-toxate (Limulus
amebocyte lysate) for detection and semiquantitation of endotoxin were
obtained from Sigma Chemical Co. (St. Louis, MO). Heparin was from
Roche (Liquemin, Basel, Switzerland). 25% glutaraldehyde solution for
electron microscopy and Triton X-100 were from BDHChemicals Ltd.
(Poole, UK). Lymphoprep (1.077 d) was from Nyegaard (Oslo, Norway).
Hepes, minimum essential medium (MEM)/Eagle methionine and glu-
tamine free and RPMI 1640 tissue culture medium were from Flow
Laboratories (Irvine, Ayrshire, UK); Versene (1:5,000) from Eurobio
(Paris, France). Antibiotic-antimycotic mixture containing penicillin
10,000 U/ml, fungizone 25 gg/ml and streptomycin 10,000 gg/ml, was
from GIBCO (Grand Island, NY). Acrylamide, N-N-methylene-bis-
acrylamide, sodium dodecyl sulfate (SDS), Tris, Coomassie Brilliant Blue
R 250, and molecular weight standards were from Bio-Rad Laboratories
(Richmond, CA). Nonidet P-40 was obtained from Particle Data Inc.
(Elmhurst, IL). a-Thrombin was a gift from Dr. J. Fenton (Albany, NY).
Hirudin was purchased from Pentapharma (Basel, Switzerland) and dis-
solved in sterile water. Potato apyrase was prepared as described by Mol-
nar and Lorand (29). Phenylmethylsulfonyl fluoride (PMSF) was from
Calbiochem-Behring Corp. (La Jolla, CA). 1,3,4,6-Tetrachloro-3a,6a di-
phenylglycoluril (lodogen) was from Pierce Chemical Co. (Rockford,
IL). [125I]Sodium iodide, carrier free, was from Amersham International
(Buckingamshire, UK). [35S]Methionine (1,100 Ci/mmol) was from New
England Nuclear (DuPont de Nemours, Dreieich, Federal Republic of
Germany). Protein A Sepharose CL 4B and Sepharose G25 coarse were
from Pharmacia Fine Chemicals (Uppsala, Sweden). Methyl-silicone oil
(DC 200) and hi-phenyl silicone oil (DC 550) were from Nye Inc. Specialty
Lubricants (New Bedford, MA). A working mixture of silicone oil was
prepared before use in ratio of 1 part DC200 to 8 parts DC550. Human
brain thromboplastin (a gift from Dr. L. Poller) was from Manchester
Comparative Reagents (Manchester, England). Factors XII-, IX- and V-
deficient plasmas were from congenitally deficient patients. Factors VII-
and X-deficient plasmas were from General Diagnostic (Warner Lambert,
Morris Plains, NJ).

Procedures
Preparation of cells. Peripheral blood mononuclear cells (PBMC) were
isolated by the method of Boyum (30). 120 ml of blood, obtained after
informed consent from drug free healthy donors, were drawn in plastic
syringes, anticoagulated with heparin (10 U/60 ml) and centrifuged at
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120 g for 15 min at room temperature (20-250C). The platelet-rich
plasma was discarded and the pelleted erythrocytes and mononuclear
cells were resuspended and diluted with an equal volume of cold 0. 14
Mphosphate buffered-saline (PBS), pH 7.4. 35 ml were layered onto 15
ml of Lymphoprep in 50-ml polypropylene conical tubes and centrifuged
at 400 g for 40 min at room temperature. The cells at the interface were
carefully removed with sterile plastic pipettes; were washed two times
with excess 5 mMPBS-EDTA, centrifuged once at 400 g for 20 min at
4VC, then once at 120 g for 12 min at 4VC to remove further platelet
contaminants; a last wash with EDTA-free buffer was also centrifuged
at 120 g for 12 min at 4VC. To obtain platelet-free suspensions of mono-
cytes, in addition to adding EDTA to the washing buffer, we removed
platelets adhering to monocytes by the method of Pawlowski et al. (31).
Briefly, suspensions of PBMCwere incubated twice at 370C for 15 min
in autologous serum supplemented with 5 mMEDTA. Cells were then
recovered by centrifugation at 400 g for 15 min at room temperature
and resuspended in RPMI 1640 medium containing 50 U/ml penicillin,
0.125 ng/ml fungizone, and 50 ,g/ml streptomycin plus 10%autologous
serum to give 8 X 106 cells/ml. Autologous serum was prepared by al-
lowing the blood to clot in plastic tubes at 370C for at least 120 min and
centrifugation at 3,200 g for 15 min at room temperature. Human
monocytes were separated by PBMCas described by Fischer et al. (32).
Briefly, 5 ml of the purified mononuclear cell suspension (8 X 106/ml)
were layered on each precoated plate and incubated at 37°C for 60 min
in an incubator. At the end of the incubation, the medium, containing
mainly lymphocytes, was removed and used for lymphocyte preparations.
The plates were rinsed with four to five rapid changes of RPMI 1640
prewarmed to 37°C. 4 ml of Versene were added and after a 15-min
incubation at room temperature, 1 ml of autologous serum was added
and the loosely adherent monocytes were scraped off with a rubber po-
liceman. Monocytes from several plates were pooled, centrifuged at 400
g for 10 min at 4°C and resuspended in RPMI 1640 containing 10% of
autologous serum to give 1.5 X I07 cells/ml. Cells were kept at 4°C until
ready to use. The purity of the monocyte preparations obtained in this
way was >90%, as assessed by a-naphthyl acetate esterase staining and
the viability was >95% as judged by trypan blue exclusion. Strictly aseptic
conditions were used to preserve sterility during each step of the cell
isolation procedures. With these precautions, the Limulus amebocyte
lysate assay for detection of endotoxin contaminant in monocyte cultures
isolated as described above gave <0.1 ng/ml of endotoxin, with 0.1 ng/
ml as lower limit of the method.

Purified monocyte preparations were also obtained from two patients
with Glanzmann's thrombasthenia type 1. These patients have been de-
scribed in previous publications (33, 34) and fulfill all the accepted criteria
for diagnosis.

Platelet isolation and labeling. Washed human platelets were prepared
by the method of Mustard et al. (35) from freshly collected blood anti-
coagulated with acid citrate/dextrose. Platelets were counted by phase
contrast microscopy and diluted to 4 X 108/ml in Tyrode's albumin
buffer pH 7.35. In labeling experiments, washed platelets were suspended
in Hepes buffer containing 3.8 mMHepes, 3.8 mMNaH2PO4, 0.137 M
NaCl, 2.7 mMKC1, 1 mMMgCI2 and 0.01% dextrose, pH 7.35. 1 ml
of platelet suspension (4 X 108/ml) was iodinated by the Iodogen method,
as described by Tuszynski et al. (36).

Electron microscopy studies. Several monocyte preparations were
studied by electron microscopy to detect adherent platelets or fragments
of platelets surrounding the cell surface. Aliquots (0.3 ml) of monocyte
suspensions were adjusted to 0.7-1 X 107/ml in RPMI 1640 containing
10% of autologous serum. Cells were fixed in 2.5% glutaraldehyde in 0.1
Mphosphate buffer, pH 7.3, and centrifuged at 400 g for 15 min at 4°C.
The pellet obtained was stored at 4°C until use.

Protein purification and labeling. Fibrinogen, purified from human
plasma by the glycine precipitation method (37) and 90-95% clottable
was radiolabeled with 125I by the Iodogen method (38). Typically, 170
Ag of Iodogen in 170 Mtl of dichloromethane were dried in the bottom
of a glass tube; 200 Ml of fibrinogen (5 mg/ml) resuspended in 0.055 M
sodium citrate buffer, pH 7.4, were placed in the tube and 700 MCi (7
Ml) of carrier-free sodium ['25I]iodide added. After 20 min of incubation

on ice with occasional agitation, the solution was removed from the tube
and gel filtered on a Sepharose G-25 coarse column (100 X 2.5 cm)
equilibrated with 0.055 Msodium citrate buffer, pH 7.4. Specific activity
of 25I-fibrinogen ranged from 4.5 to 8 X l0 cpm/Mg.

Human von Willebrand factor (vWF) was purified as described by
De Marco and Shapiro (39) and was radiolabeled with '25I by the Iodogen
method. Specific activity of 125I-vWF was 3.2 X l0 cpm/Mg. Human
purified fibronectin was a gift from Dr. Cutolo (Rheumatological Center,
Genoa University, Genoa, Italy).

'I-Fibrinogen binding to human monocytes. The ability of normal
or thrombasthenic monocytes to bind fibrinogen was investigated as fol-
lows. In a typical experiment, aliquots (0.2 ml) of monocyte suspension
(1.5 X 107/ml) were incubated at room temperature with 1 U/ml throm-
bin or 10 MMADPin the presence of 1 mMCaCI2. After I min incu-
bation, 5 U/ml hirudin were added and the mixture incubated at room
temperature in the presence of '251I-fibrinogen (6 X 1o-8 M). No differences
were observed when the incubation of monocytes with ADPwas pro-
longed to 15 min at room temperature. In all experiments, the final
volume was adjusted to 0.35 ml with RPMI 1640.

Similar incubations were also performed at 4VC or at 370C. The
amount of I-fibrinogen bound to monocytes was measured at selected
time intervals between 1 and 60 min. At the end of each interval, after
gentle resuspension, 0.3-ml portions were layered onto 50 MA of silicone
oil in 0.5 ml micro-Eppendorf tubes and free and monocyte-bound fi-
brinogen were separated by centrifugation at 12,000 g for 2 min at room
temperature in an Eppendorf 5414 centrifuge. Specific binding was cal-
culated by subtracting from the total the amount of fibrinogen bound
in the presence of a 50-fold excess of unlabeled fibrinogen added to the
monocyte suspension at the start of the incubation (nonspecific binding).
Nonspecific binding varied from 20 to 30% of the total. When the com-
petitive inhibition by fibrinogen, vWFor fibronectin of labeled fibrinogen
binding to monocytes was evaluated, 7.3 X l0-7 Mof fibrinogen or 250
Mug/ml of vWFor fibronectin were incubated with monocytes before the
addition of concentrations of 2'21-fibrinogen ranging from 0.14 to 1.47
X 10-7 M.

To define the role of Ca2' ions in fibrinogen binding to monocytes,
aliquots (0.2 ml) of monocyte suspension were preincubated with 10
mMEDTAfor 1 min before the addition of the stimulants. For dose-
response studies, 0.2-ml aliquots of monocyte suspension were incubated
in a final volume of 0.35 ml with 1 U/ml thrombin or 10 MMADPin
the presence of 1 mMCaCI2. After the addition of 5 U/ml hirudin,
increasing concentrations (0.03-8.80 X 10-7 M) of 125I-fibrinogen were
added and fibrinogen binding to monocytes was determined 15 min later
as described above. Radioactivity in pellet and supernatant were measured
in a gammacounter (model 1260, LKB, Bromma, Sweden).

'25I-vWF binding to monocytes. Aliquots (0.2 ml) of monocyte sus-
pension were stimulated with thrombin (1 U/ml) for 1 min at room
temperature in the presence of 1 mMCaCI2. After the addition of 5
U/ml hirudin, the mixture was incubated with various concentrations
(2-75 Ag/ml) of 125I-vWF. 251I-vWF binding to monocytes was determined
after 15 min by the same procedures described for the fibrinogen binding
studies. Nonspecific binding was determined in the presence of a 50-
75-fold excess of unlabeled vWFpreincubated with the monocytes.

'25I-JOE5 Monoclonal antibody binding to monocytes. Aliquots of
the murine monoclonal antibody lOE5 that precipitates the platelet GP
lIb/Illa complex, previously characterized (40) and kindly supplied by
Dr. B. S. Coller (SUNY, Stony Brook, NY) were radiolabeled with 1251I
by the chloramine T method (41). The specific activity of 1251-OE5 an-
tibody was 1.3 X 107 cpm/Ag. Aliquots (0.2 ml) of normal or throm-
basthenic monocyte suspensions were incubated with or without stimulus
for 5 min at room temperature with 1251-1OE5 antibody (concentrations
0.2-4.5 Mg/ml) and the extent of '251-1OE5 antibody binding determined.
Nonspecific binding was measured in the presence of a 50-fold excess of
unlabeled antibody preincubated with the monocytes, and accounted
for 2% of the maximal total binding.

Immunoprecipitation of monocyte membrane protein. Isolated
monocytes (7 X 107/ml) or washed platelets (4 X 108/ml) were iodinated
by the Iodogen method (36). After three washes in Hepes buffer pH 7.35,
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the pellet was resuspended for 30 min at 4VC in 1 ml of lysis buffer
containing 1%Nonidet P-40, 0.5% Triton X-100, 0.05 MTris-HCl, 0.15
MNaCl, 0.1I %BSA, 0.001 MPMSF, pH 8.3. At the end of the incubation
the lysate was centrifuged at 12,000 g for 10 min and the supernatant
was collected. Immunoprecipitation studies were carried out as described
previously (42) with the following modifications. Aliquots of the platelet
or monocyte lysate were incubated with 70 ,g/ml of lOE5 antibody for
18 h at 4VC. 25 Ml of protein A Sepharose CL 4B (0.2 g/ml) were then
added and the incubation continued for additional 6 h at 4VC. After
extensive washing with 0.14 MPBS, pH 7.4, the immunoprecipitate was
solubilized in 3% SDS, reduced with 0.2 MDTT, and boiled for 5 min
at 100IC to release the bound antigen and antibody. The supernatant
obtained after centrifugation at 12,000 g for 5 min was electrophoresed
on a 7.5% SDSpolyacrylamide gel, as described by Laemmli (43). Com-
parative molecular weight standards run with each sample were myosin,
200,000 relative mol wt; f3-galactosidase, 116,000 relative mol wt; phos-
phorylase B, 92,500 relative mol wt; BSA, 66,200 relative mol wt; and
ovalbumin, 45,000 relative mol wt. The gels were fixed, stained with
Coomassie Brilliant Blue, destained, dried and exposed for autoradiog-
raphy between a x-ray film (3M Corp., St. Paul, MN) and an intensifying
screen (Cronex, E. I. DuPont de Nemours, Wilmington, DE) for 7 d
at -70°C.

Metabolic labeling of monocytes. The following experiments were
carried out to determine whether the monocyte surface component in-
volved in fibrinogen binding was synthesized during active cell metab-
olism. Human monocytes were isolated as described above under strict
sterility and resuspended at the concentration of 6 X 106/ml in methi-
onine-free minimal essential medium supplemented with 1%L-glutamine,
100 ,ug/ml streptomycin, 100 U/ml penicillin, and 10%o autologous serum
(prepared after extensive dialysis against methionine-free minimal es-
sential medium). 400 MCi/ml of [35S]methionine was then added and
the cells were cultured at 37°C in a 5% CO2 humidified incubator for
12 h. At the end of the incubation, the cells were harvested, washed three
times with 0.14 MPBSpH 7.4 and resuspended in 0.5 ml of lysis buffer
for 30 min at 4°C, as described above. Immunoprecipitation studies of
monocytes pulse-labeled with [35S]methionine were performed with lOE5
antibody as described in the preceding paragraph.

PCA induced by monocytes. Monocyte PCAhas been evaluated as
described by Kornberg et al. (44). Suspensions of normal or thrombas-
thenic monocytes, stimulated to induce fibrinogen binding, were tested
for their ability to shorten the clotting time of normal human plasma in
a one-stage plasma recalcification time test. Aliquots (0.2 ml) of normal
or thrombasthenic monocytes (1.5 X 107/ml) resuspended in RPMI 1640
without serum were incubated with 10 MMADP in the presence of 1
mMCaCl2. At the end of the incubation, 0. 1-ml aliquots of the mixture
were transferred into glass tubes and incubated at 37°C for 1 min with
0.1 ml of plasma obtained from 10 normal donors. 0.1 ml of 0.025 M
CaCl2 was then added and the clotting time read.

In some experiments, the ability of ADP-stimulated normal mono-
cytes to shorten the recalcification time of plasmas deficient in various
coagulation factors was evaluated. Factor V-, VII-, IX-, X-, and XII-
deficient plasmas were tested with various monocyte preparations. To
explore whether soluble factors released by monocytes were involved in
the expression of PCA, suspensions of ADP-stimulated normal monocytes
were centrifuged at 12,000 g for 15 min at room temperature. 0.1 ml of
the supernatant was tested for its ability to shorten the normal human
plasma recalcification time. Control experiments were performed with
unstimulated monocytes (1.5 X 107/ml), with unstimulated or ADP-
stimulated lymphocytes (1.5 X 107/ml), human platelets (4 X 108/ml)
or RPMI 1640. Units of PCA were determined by comparison of the
plasma clotting time induced by serial dilutions of a standard human
brain thromboplastin. A clotting time of 22 s (dilution 1:64) was arbitrarily
designated as equivalent to 100 U of PCA.

Inhibition of 25I-fibrinogen binding and PCA of monocytes. 20
,ug/ml of lOE5 antibody were incubated with thrombin (1 U/ml)- or
ADP(10 MM)-stimulated monocyte suspensions at room temperature.
After 5 min '25I-fibrinogen (0.03-8.80 X 10-7 M) was added and the
extent of fibrinogen binding assayed as described above. Inhibition of
monocyte PCAby IOES antibody was studied by incubating 0.3 ml of

monocyte suspensions at room temperature for 5 min with 20 Mg/ml of
lOE5 antibody. ADP(10 ,M) was then added, in the presence of CaCl2
(1 mM), and the mixture incubated at room temperature for an additional
10 min. PCAgeneration of these monocytes treated with lOES antibody
was assessed as described above.

Protein concentration. Protein concentration was calculated from the
absorbance at 280 nm, using extinction coefficients of 1.51 for fibrinogen,
1.97 for fibronectin, 1.4 for lOE5 antibody, and 1.23 for vWF.

Analysis of data. To calculate the number of fibrinogen and lOE5
antibody binding sites on monocytes and the relative dissociation con-
stants (Kd), the value of specific binding was plotted by the method of
Scatchard (45) and analyzed by the method of Feldman (46). Competitive
inhibition by fibrinogen, fibronectin or vWFof '25I-fibrinogen binding
to monocytes was calculated from the Lineweaver-Burk double reciprocal
plot (47).

Results

Purity of the monocyte suspension. Several experiments were
carried out to evaluate whether or not the monocyte preparations
were free of platelet contamination. First, aliquots of washed
normal autologous platelets (4 X 108/ml) labeled with 1251 were
added to the freshly collected blood. At the end of the cell iso-
lation procedures, <0. 1%of the platelet-associated radioactivity
was found in the final monocyte suspension. Second, to inves-
tigate the effects of low levels of platelet contaminant on the
monocyte response to fibrinogen, we added aliquots of washed
platelets in the monocyte preparation in a ratio of 5:100 platelets/
monocytes. Under these conditions, the interaction of monocytes
with fibrinogen did not differ from that of controls without
platelets (not shown). Furthermore, aliquots of normal platelets
were added to the whole blood of a patient with Glanzmann's
thrombasthenia. The lack of '251-fibrinogen interaction with
suspensions of thrombasthenic monocytes further confirmed that
all normal platelets exogenously added had been removed during
the cell washing procedures. Monocytes were also characterized
morphologically. In phase-contrast microscopy there were no
free platelets in the monocyte suspensions prepared as described
above. Finally, electron microscopy provided evidence that there
were neither intact nor disrupted platelets nor fragments of
membranes adhering to the monocyte surface (Fig. 1).

J2SI-Fibrinogen binding to human monocytes. Unstimulated
monocytes, like unstimulated or thrombin- or ADP-stimulated
lymphocytes did not specifically bind '251-fibrinogen. In contrast,
after stimulation with thrombin or ADP, suspensions of normal
human monocytes at room temperature bound '251I-fibrinogen
in a time-dependent reaction which reached equilibrium within
15-20 min (Fig. 2). Preincubation of stimulated monocytes with
a 50-fold excess of unlabeled fibrinogen resulted in 70 to 80%
inhibition of 1251-fibrinogen binding to monocytes, while excess
ovalbumin or intact IgG had no effect. Inhibition of fibrinogen
binding by 70 to 80% was also achieved by preincubation of
the cell suspension with 10 mMEDTA. The addition of a 50-
fold excess of unlabeled fibrinogen at equilibrium induced dis-
placement of >60% of the radioligand bound (Fig. 2).

The rate of fibrinogen binding in the incubation mixture
was found to be directly related to the concentration of mono-
cytes (0.5-2 X 107/ml) and it was optimal when 1.5 X 107 cells/
ml are used. Little difference was observed between experiments
performed at room temperature or at 370C, but '251I-fibrinogen
binding to monocytes was considerably reduced at 40C (not
shown).

Binding of labeled fibrinogen to stimulated monocytes was
studied quantitatively by incubating monocyte suspensions with
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increasing concentrations of "'I5-fibrinogen (Fig. 3). A dose re-

sponse curve was obtained with saturation at 5.80-7.35

Mof added fibrinogen, with binding of 0.3±0.18 gg of the ra-

dioligand bound/l107 cells. Analysis of the binding data by the

Figure 1. Ultrastructural morphology of mono-
cytes. Cell suspensions (0.7-1 X 107/ml) were fixed
in 2.5% glutaraldehyde in 0.1 Mphosphate buffer,
pH 7.3, and kept pelleted at 4°C until electron mi-
croscopy studies. Neither whole platelets nor frag-
ments nor parts of membrane are observed sur-
rounding the cell surface.

method of Scatchard (45) and Feldman (46) revealed two classes
of receptors: 965-1,9 10 high affinity fibrinogen binding sites (Kd
= 4-8 X 10-9 M) and 120,500-151,600 low affinity fibrinogen
binding sites (4 = 1.35-1.84 X 10-6 M) (Fig. 3).
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Figure 2. Time course of '251-fibrinogen binding to thrombin-or ADP-
stimulated monocytes. For time course experiments (o), suspensions
of 1.5 X 107 monocytes/ml were incubated with I U/ml thrombin or
10 uMADPfor 1 min at room temperature in the presence of 1 mM
CaC12. After addition of 5 U/el hirudin, '251-fibrinogen (6 X 10-8 M)
was added. At intervals, aliquots (0.3 ml) of the mixture were centri-
fuged through silicone oil at 12,000 g for 2 min at room temperature
to separate free and monocyte-bound fibrinogen. Nonspecific binding
(o) was measured in the presence of 3 X 10' Mof unlabeled fibrino-
gen and amounted to 30% of the maximum fibrinogen bound. Similar
results were obtained after preincubation of the monocyte suspensions
with 10 mMEDTA. Experiments with unstimulated monocytes or
thrombin- or ADP-stimulated lymphocytes were performed under the
same experimental conditions (*). For displacement experiments (o),
unlabeled fibrinogen (3 X 10' M) was added at equilibrium (arrow)
to ADP- or thrombin-stimulated monocytes and the incubations were
terminated at different times, as described for the time course experi-
ments.

Studies of the receptor involved in "2I-fibrinogen binding to
monocytes. "25I-fibrinogen binding to stimulated monocytes was
demonstrated to occur through a limited number of exposed
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specific receptors on the cell surface. To characterize these re-
ceptors better, we reinvestigated the problem of the existence of
the GPI1b/lila complex on monocytes. Unstimulated or stim-
ulated normal monocytes, exposed to increasing concentrations
(0.2-4.5 ,ug/ml) of 1251-1OE5 antiplatelet GP I1b/1lla complex
monoclonal antibody, had a dose-dependent reaction, saturated
when 2.24-3 Atg/ml of antibody has been added. The Scatchard
plot for these binding data was a straight line, suggesting a single
class of receptors (n = 158,000; Kd = 2.4 X 10-8 M) (Fig. 4). In
contrast, '251-IOE5 antibody binding to thrombasthenic mono-
cytes was insignificant (Fig. 4). Thrombasthenic monocytes were
subsequently tested for their ability to bind fibrinogen. After
stimulation with ADPor thrombin there was no labeled fibrin-
ogen binding to thrombasthenic cells (Fig. 5). In addition, prein-
cubation of normal stimulated monocytes with 20 pg/ml of IOE5
antibody completely suppressed 1231-fibrinogen specific binding
(Fig. 5). The fibrinogen receptor on the surface of normal mono-
cytes was characterized by immunoprecipitation studies with
lOE5 antibody. The antigen precipitated in the complex after
interaction between lOE5 antibody and normal iodinated platelet
or monocyte lysate was identified by SDS polyacrylamide gel
electrophoresis followed by autoradiography. Normal reduced
platelets treated with lOE5 antibody revealed two major radio-
active bands, with 116,000 relative mol wt and 110,000 relative
mol wt, in agreement with previous observations (40). In con-
trast, under the same experimental conditions, the monocyte
surface component precipitated by lOE5 antibody migrated at
a slightly different molecular weight, showing a major radioactive
band with 92,000 relative mol wt and two other bands of 116,000
relative mol wt and 78,000 (Fig. 6). To confirm that the antigen
precipitated by lOE5 antibody was of monocyte origin and ac-
tually synthesized during active cell metabolism, suspensions of
monocytes were cultured in the presence of [35S]methionine.
Immunoprecipitation studies with lOE5 antibody conducted on
metabolically labeled monocytes showed a pattern of radioactive
bands migrating with the same mobility as the iodinated antigen
(Fig. 6).

Data of several previous studies (48-51) indicate that the
GPHIb/IIla complex present on platelets is the receptor for fi-

B

Figure 3. Specific binding of 251I-fibrinogen to
stimulated monocytes. (A) Increasing concen-
trations (0.03-8.80 X 10-7 M) of '25I-fibrino-

_* 2A gen were incubated for 15 min at room tem-
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1.4 3 4.4 6 7.3 8.8 0.4 0.8 12 16 ing components; , theoretical binding

125l-FIBRINOGEN ADDED(X16 M) BOUND(X1O9M) curves. Two classes of receptors are calcu-
lated: 965 high affinity (Kd = 4 X 10-9 M)

and 151,600 low affinity receptors (Kd = 1.84 X 10' M) on thrombin-stimulated monocytes (-) and 1,910 high affinity (Kd = 8 X 10-9 M) and
120,500 low affinity receptors (Kd = 1.35 X 10- M) on ADP-stimulated monocytes (o).
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Figure 4. Specific binding of '25I-IOE5 antibody to normal or throm-
basthenic monocytes. Suspensions of unstimulated or stimulated nor-
mal or thrombasthenic monocytes were incubated with increasing
concentrations (0.2-4.5 Ag/ml) of '251I-10E5 antibody for 5 min at
room temperature and in the presence of 1 mMCaCl2. Nonspecific
1251-1OE5 antibody binding was determined in the presence of a 50-
fold excess of unlabeled 10E5 antibody and amounted for 2%of the
maximum binding. The binding assay was performed as described in
Fig. 2. (.) normal monocytes. (A) thrombasthenic monocytes. The in-
set shows the Scatchard plot for the data of '251-10E5 antibody binding
to normal monocytes. The data are the means of four experiments.
1251-1OE5 antibody concentrations are final.

brinogen, fibronectin or vWFon the platelet surface. Therefore,
further functional analysis of the receptor for fibrinogen on
monocytes was carried out. To evaluate the possible interaction
of other adhesive proteins such as fibronectin or vWF with
monocytes, we studied the competitive inhibition by fibrinogen,
fibronectin or vWF of 1251-fibrinogen binding to stimulated

0.3-

m

0 P

z 0

yN Z

Oz-*.

1.4 4A4 &8
1251-FIBRINOGEN ADDED(XlO1M)

Figure 5. 1251-Fibrinogen binding to thrombasthenic monocytes or
normal monocytes treated with lOE5 antibody. Suspensions of normal
monocytes (.) or thrombasthenic monocytes (-) or normal monocytes
preincubated with 20 Mg/ml of 1OE5 antibody (m) were stimulated with
1 U/ml thrombin in the presence of 1 mMCaCl2. Increasing concen-
trations (0.03-8.80 X 10-7 M) of 'I-fibrinogen were added and 15
min later fibrinogen binding was determined. The effect of lOE5 anti-
body was calculated on the 121-fibrinogen specific binding to normal
monocytes. Experimental conditions are the same as in Fig. 2. The
data are the means of three experiments. Concentrations of '251I-fibrin-
ogen are final.
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Figure 6. Autoradiography of SDSpolyacrylamide gels of immunopre-
cipitates of surface labeled platelets and monocytes. Monocytes (7
X 107/ml) or washed platelets (4 X 108/ml) were radiolabeled with 1251I
by the Iodogen method and solubilized after incubation for 30 min at
4VC in lysis buffer containing 1% Nonidet P-40, 0.5% Triton X-100,
0.05 MTris-HCI, 0.15 MNaCl, 0.1% BSA, and 0.001 MPMSF, pH
8.3. Aliquots of platelet or monocyte lysate were incubated with lOE5
antibody (70 Mg/ml) for 18 h at 4VC. Protein A Sepharose CL 4B (25
Ml 0.2 g/ml) was then added and the incubation was continued for 6 h
at 4VC. After exhaustive washing with 0.14 MPBS, pH 7.4, the pellet
was resuspended in 0.06 MTris-HCl buffer containing 0.2 MDTT
and 3% SDS, pH 6.8. The samples were boiled, centrifuged at 12,000
g for 5 min and run on 7.5% SDSpolyacrylamide gel. Gels were fixed,
stained, destained, dried, and exposed for autoradiography at -70'C
for 7 d using intensifying screens. Lanes 1 and 3 show the surface pat-
terns of radiolabeled platelets and monocytes. Lane 2 was the immu-
noprecipitate of platelets, showing two major bands of 1 16,000 and
110,000 relative mol wt; lane 4 the immunoprecipitate of monocytes,
consisting of one major band with a 92,000 relative mol wt and two
other minor bands of 116,000 and 78,000 relative mol wt. Lane 5
contains the immunoprecipitate of metabolically labeled monocytes
cultured in the presence of [35S]methionine, showing the same antigen
revealed by lOE5 antibody on '251-labeled monocytes. Lane 6, control
immunoprecipitate of surface-labeled monocytes by normal IgG (70
Mg/ml). Molecular weight standards are indicated on the left.

monocytes. Lineweaver-Burk double reciprocal plots of these
data revealed that cold fibrinogen competitively inhibited labeled
fibrinogen binding, while fibronectin or vWFdid not interfere
(Fig. 7). Furthermore, the direct interaction of '25I-vWF with
thrombin-stimulated monocytes showed a non-specific and un-
saturable association of the labeled protein (not shown).

PCAexpressed by human monocytes. The binding of fibrin-
ogen to normal monocytes was related to the capacity of these
cells to generate procoagulant material. Suspensions of normal
monocytes stimulated with ADPto induce fibrinogen binding
consistently shortened the normal human plasma recalcification
time from that with unstimulated cells (Table I). Supernatants
of stimulated monocytes, lymphocytes or platelets under the
same experimental conditions did not have PCA. That fibrinogen
binding to specific receptors on stimulated monocytes is directly
associated with the PCAgeneration was further confirmed. In
fact, suspensions of stimulated thrombasthenic monocytes or
normal monocytes preincubated with lOES antibody at a con-
centration which totally blocks fibrinogen binding (20 tg/ml)
had no PCA (Table I). ADP-stimulated normal monocytes
equally shortened the recalcification times of Factor VII-, IX-,
and XII-deficient plasmas. In contrast, cell PCAwas abolished
when plasma deficient in Factors V or X were tested. This sug-
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Table II. Effects of Various Deficient Plasmas
on PCA Generation by ADP-stimulated Monocytes

PCA

U

Normal plasma (3)* 32.5±1.5
Factor VII-deficient plasma (3) 27.5±9.5
Factor XII-deficient plasma (3) 21.5±4.5
Factor IX-deficient plasma (3) 40.5±4.5
Factor X-deficient plasma (3) 4.0±2.5
Factor V-deficient plasma (3) 5.0±1.0

4

1/Fg (xlO7M)

Figure 7. Competitive inhibition of "'I-fibrinogen bi
cytes by cold fibrinogen. Aliquots (0.2 ml) of monoc3
with thrombin (1 U/ml) were incubated with '25I-fibr
trations from 0.15 to 1.47 X 10-' M) in the presence

of cold fibrinogen or 250 ug/ml of vWFor fibronecti
assay was performed as described in Fig. 2. The figure
weaver-Burk double reciprocal plot for the data obtai
rate similar experiments. Fg, concentrations of '251-fil
B, monocyte bound 2'21-fibrinogen. The -intercepts
ogen (-), unlabeled fibrinogen (o) or vWF(i) are 0.3
X 10'° M, respectively. When fibronectin was used a

tein, the data did not give a straight line (r = 0.56) ar

the relative yintercept can not be calculated.

gests that only the commonpathway of coagula
in the monocyte PCA induced by fibrinogen bii

Discussion

Conflicting data have recently been published a
not platelets and monocytes share the same rec

Table . PCA Generation by Human
Monocytes Stimulated with 10 uMADP

Unstimulated monocytes (6)*
Normal stimulated monocytes (6)
lOE5-treated stimulated monocytes (3)
Thrombasthenic stimulated monocytes (3)
Lymphocytes, platelets (3)
RPMI 1640 medium

Normal or thrombasthenic monocytes (1.5 X 107/ml)
with ADP(10 MM) for 10 min at room temperature i

mMCaC2. 0.1 ml of the mixture was then incubat
0.1 ml of normal plasma. At the end of 1 min incubi
0.025 MCaCl2 was added and the recalcification timi
antiplatelet GPIIb/IIIa complex monoclonal antibod
for 3 min at room temperature with monocytes befo
tion. Lymphocytes (1.5 X 107/ml) or platelets (4 X 10
for their ability to generate PCAunder the experimer
described above. The data are means±SEM.
* No. of experiments.

Normal monocytes were incubated with 10 uMADPin the presence
6 8 of 0.1 ml of normal various coagulation factor-deficient plasmas

under the experimental conditions described in Table I. PCAgenera-

nding to mono- tion by unstimulated monocytes was 1.12±0.8. The data are

ytes stimulated masSM
i otesnstimulated * No. of experiments.
inogen (concen-

of 7.3 X 10-7 M
n. The binding
e shows the Line- ogen, the GP IIb/IIIa complex (24-28). Therefore, we decided
ned in four sepa- to study whether or not human monocytes bind fibrinogen, and
brinogen added; the problem of the existence of the GP IIb/IIIa complex on

for labeled fibrin- monocytes was addressed functionally.

3, 0.32, and 0.6 Since platelet contaminants are the most insidious source of

s competing pro- artifacts in studies (52), efforts applied to

preparing platelet-free suspensions of monocytes. To do this,
monocytes were processed by the method recommended by
Pawlowski et al. (31) for removing platelets adhering to mono-

Ltion is involved cytes. Several means were used to determine the purity of the
nding (Table II). monocyte preparations. Aliquots of washed iodinated platelets

were added to the whole blood before starting the cell isolation
procedures. Since <0.1% of the platelet radioactivity was found

in the last monocyte suspension, we calculated an average of
bout whether or <4 platelets per 100 monocytes to be present in our cell prep-
Septor for fibrin- arations. Even in the presence of similar levels of added platelet

contamination (5%), we observed that the interaction of fibrin-
ogen with monocytes was unchanged. Furthermore, we added
aliquots of normal platelets to the whole blood of a patient with
thrombasthenia. There was complete removal of these platelets

PCA by the washing techniques, because "25I-fibrinogen binding

was observed in these suspensions of thrombasthenic monocytes.
U Finally, careful examination of several monocyte preparations

0.98±0.32 by electron microscopy confirmed that they contained free

40±6 platelets or platelet fragments on the monocyte surfaces.

40.6±64 Under these experimental conditions, we have shown that

1±0.4 normal human monocytes stimulated with thrombin or ADP

0.12±0.025 specifically bind 125I-fibrinogen. This reaction is optimal at both0.12±0-025
room temperature and at 370C,

0.1 from the binding data plotted by the method of Scatchard (45)
and analyzed by the method of Feldman (46) revealed two dif-

were stimulated ferent classes of receptors on the cell surface. Weattempted to
in the presence of characterize these receptors, looking for similarities with the
ted at 370C with platelet GPIIb/IIIa complex, first, because 1251-fibrinogen binding
ation, 0.1 ml of to stimulated platelets is well known to through the avail-

te recorded. lOES ability of the GPIIb/IIIa complex (18-23) and, second, because

ry was incubated
the presence of the GP Ub/Ia complex on monocytes, although

18/ml) were tested postulated (24-26), is controversial (27, 28). Weestablished that
ntal conditions thrombasthenic monocytes do not react with labeled lOE5 an-

tibody antiplatelet GPIIb/IIIa complex. This suggests that the
antigen recognized by this antibody is not available on the surface
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of these cells. In contrast, normal monocytes bound labeled 1OE5
antibody in a saturated reaction. The number of binding sites
revealed on normal monocytes by 1OE5 antibody (n = 158,000)
was very similar to the number of sites exposed on these cells
when fibrinogen binding was induced (965-1,9 10 high affinity
sites and 120,500-151,600 low affinity sites). In addition there
was no '25I-fibrinogen binding to thrombasthenic monocytes and
normal monocytes treated with lOE5 antibody became unable
to bind fibrinogen.

The fibrinogen receptor on normal monocytes was identified
with lOE5 antibody. Metabolic studies conducted on cultured
monocytes in the presence of ["S]methionine demonstrated that
the surface antigen recognized by lOE5 antibody is synthesized
as a genuine product of cell metabolism. The pattern of the
monocyte surface component precipitated by lOE5 antibody on
normal monocytes furthermore, showed it to have a lower mo-
lecular weight than that of the GPIIb/IIIa complex recognized
by the same antibody on normal platelets. Wefurther investi-
gated the functional aspects of the receptor for fibrinogen on
monocytes. It was found that the interactions of this receptor
with other adhesive proteins such as fibronectin or vWF, were
completely different from that with the platelet GP HIb/fIla
complex (48-5 1). In fact, neither vWFnor fibronectin compet-
itively inhibited fibrinogen binding to monocytes and, further-
more, no specific binding of 125I-vWF to stimulated monocytes
was observed.

Taken together, these observations, plus the fact that the
number of fibrinogen binding sites on monocytes is different
from the number of sites on platelets (18, 19, 21-23) suggest
that there are important differences between the receptor for
fibrinogen on monocytes and the platelet GPHIb/IIIa complex.
It appears even more unlikely that undetectable platelet con-
tamination thus was responsible for our findings. Moreover, we
suggest that these important differences might explain the dis-
crepancies in the literature about the existence of the GP Ilb/
HIla complex on monocytes (24-28). In fact, all previous studies
were based only on the different reactivity of antiplatelet anti-
bodies with monocytes. The differences between the fibrinogen
receptor on monocytes and the platelet GP Ilb/IIIa complex
make it possible that only a few epitopes of these two antigens
are identical. Consequently, not all antiplatelet antibodies need
necessarily react with monocytes. For this reason, polyclonal
antibodies such as those used by Clemetson et al. (27) and by
Levene and Rabellino (28), because their specificity is lower than
that of monoclonal antibodies used by others (24, 25, 53), are
less able to identify a monocyte surface component that is similar
to but not identical with the platelet GP IIb/IIIa complex. We
affirm that some surface antigen, at least in part functionally
related to the platelet GPIIb/IIIa complex, therefore, is required
for fibrinogen binding to monocytes.

The concept of a direct interaction of fibrinogen with mono-
cytes appears to be further inforced by the recent observation
that mouse peritoneal macrophages specifically bind fibrinogen
degradation products (54). Receptors for the D-domain of fi-
brinogen, only in part functionally related to the platelet GP
HIb/IlIa complex have been described on the surface of these
cells (54). The binding of fibrinogen to stimulated platelets is
required for aggregation (18-23) and we have shown that the
binding of fibrinogen to monocytes greatly enhances the PCA
of these cells. In fact, neither normal monocytes preincubated
with lOE5 antibody nor thrombasthenic cells bound fibrinogen
and had no PCA. Monocyte PCA can be distinguished by its

expression after a very short incubation with a particular stimulus
(ADP) and by its requirements for Factors X and V. Moreover,
monocyte PCA could not be detected in the supernatants of
ADP-stimulated cells. Taken together, these observations suggest
that under our experimental conditions, rather than being a
thromboplastin-like material (6-10), monocyte PCA is mem-
brane-bound and completely independent of the extrinsic or
intrinsic coagulation pathway. Therefore the binding of fibrin-
ogen to specific receptors on monocytes appears to be a mem-
brane signal triggering an enzyme-like activity that induces rapid
deposition of fibrin on the cell surface.

In conclusion, our data suggest that several stimuli and mul-
tiple interactions regulate the PCA expressed by monocytes.
Moreover, Glanzmann's thrombasthenia appears to be a con-
genital disorder with several defects of the hemostatic process.
The findings described here, while they demonstrate a specific
interaction between monocytes and fibrinogen, also emphasize
the concept that coagulation and inflammation are interdepen-
dent and closely related processes.
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