
Platelet membrane glycoprotein (GP) IIb�IIIa

complex (αIIbβ3�integrin) serves as a receptor for fib�

rinogen, von Willebrand factor, and several other RGD�

containing adhesive proteins. GP IIb�IIIa is present in

inactive form on the surface of resting platelets and gains

the ability to bind protein ligands only after platelet

activation by such agonists as ADP, thromboxane A2,

thrombin, etc. Agonists bind with their receptors on

platelet membrane and initiate transduction and spread�

ing of the activating signal within the platelet via second

messenger system (intracellular calcium, cyclic

nucleotides, different kinases, etc.). This signal stimu�

lates changes of the cytoskeleton, synthesis of arachi�

donic acid metabolites, secretion from different types of

granules, and other reactions. Platelet activation also

induces changes in the cytoplasmic tails of GP IIb�IIIa,

which cause conformational changes in the extracellular

part of the protein and exposure of the ligand binding

site of this receptor (inside�out signaling). (The molec�

ular nature of the signal that affects cytoplasmic

domains and stimulates GP IIb�IIIa receptor activity

remains unclear.) Subsequent binding of polyvalent pro�

tein ligands, fibrinogen in particular, with GP IIb�IIIa

leads to the formation of molecular bridges between

activated platelets and to their aggregation. The interac�

tion of ligands with GP IIb�IIIa also induces formation

of signals that are transduced into the platelet and pro�

motes further platelet activation (outside�in signaling).

Representatives of several tyrosine kinase families are

involved in the spreading of this signal and activation of

these systems requires not only occupation but also clus�

terization of GP IIb�IIIa, which occurs upon its inter�

action with polyvalent proteins. It is supposed that sig�

nal initiated due to the GP IIb�IIIa occupation and

clusterization plays essential roles in such reactions as

platelet spreading, irreversible aggregation, and clot
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Abstract—The involvement of glycoprotein (GP) IIb�IIIa (αIIbβ3�integrin) in the stimulation of secretion from platelet

dense and α�granules was investigated. Fibrinogen binding with GP IIb�IIIa and platelet aggregation were inhibited by frag�

ments of anti�GP IIb�IIIa monoclonal antibodies (monAB)—Fab fragment of antibody c7E3 (preparation ReoPro) and

F(ab′)2 fragment of antibody FraMon (preparation FRAMON). Suppression of GP IIb�IIIa receptor activity by both prepa�

rations led to 100% inhibition of [14C]serotonin secretion from dense granules upon platelet activation with ADP, to partial

inhibition upon activation with thromboxane A2 analog U46619 (by 60�70%) and thrombin at 0.1 U/ml (by 40�50%), but did

not decrease serotonin secretion induced by thrombin at 1 U/ml. ReoPro and FRAMON completely inhibited ADP�induced

release of soluble P�selectin from platelet α�granules, but did not influence P�selectin secretion stimulated by U46619 and by

both thrombin concentrations. MonAB CRC54 against GP IIb�IIIa, which induced its interaction with fibrinogen and

platelet aggregation, also stimulated serotonin and P�selectin secretion. Both types of release reactions were completely sup�

pressed by ReoPro and FRAMON. Aspirin, the cyclooxygenase inhibitor, also prevented CRC54�induced secretion, proving

the dependence of this process on thromboxane A2 synthesis. Upon platelet activation by concanavalin A (Con A), caused by

clusterization of membrane glycoproteins, GP IIb�IIIa blockade only slightly (by 15�20%) decreased serotonin secretion.

High level of Con A�induced secretion was also detected in a patient with hereditary deficiency of GP IIb�IIIa. Thus, neither

clusterization nor occupation of GP IIb�IIIa are essential for the stimulation of Con A�induced release reaction. The data

indicate that GP IIb�IIIa binding with fibrinogen leads to the stimulation of secretion from platelet granules. When the level

of secretion does not depend on GP IIb�IIIa interaction with the ligands or its presence on platelets full�scale release reac�

tion is presumably stimulated by activating signals formed without GP IIb�IIIa involvement.
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retraction (see reviews [1�3]). However the role of the

signal transduced into the platelet by GP IIb�IIIa in the

stimulation of secretion from intracellular granules

remains uncertain. It is still unclear whether this signal

is required for the induction of full�scale release reac�

tion upon platelet activation by different agonists and

whether it in itself is able to initiate secretion from dif�

ferent types of platelet granules.

In the present study the participation of GP IIb�IIIa

in the formation of the signal stimulating platelet release

reactions has been investigated. The effects of agents,

which inhibit or stimulate GP IIb�IIIa, on the secretion

from dense granules and α�granules have been studied.

Dense granules contain low molecular weight compounds

(serotonin, ADP, calcium, etc.) and α�granules contain

protein components (fibrinogen, von Willebrand factor,

platelet derived growth factor, and others) [4].

MATERIALS AND METHODS

Reagents and antibodies. ADP, human thrombin,

concanavalin A (Con A), and aspirin were from Sigma

(USA), thromboxane A2 analog, U46619, from ICN

(USA), bovine serum albumin from Serva (Germany),

[14C]serotonin (5�hydroxy�2�[14C]tryptamine creatinine

sulfate) from Amersham (USA), and streptavidin�perox�

idase from IMTEK (Russia). Other reagents were from

Sigma, ICN, Merck (Germany), or Reakhim (Russia).

Anti�GP IIb�IIIa monoclonal antibody (monAB)

FraMon (earlier used name CRC64) inhibits interaction

of GP IIb�IIIa with fibrinogen and other ligands and GP

IIb�IIIa dependent platelet aggregation [5�7].

Preparation FRAMON is the F(ab′)2 fragment of monAB

which could effectively inhibit platelet aggregation in a

same way as antibody FraMon [5, 7�9]. Preparation

ReoPro (Centocor/Eli Lilly, USA) is the Fab fragment of

recombinant chimeric antibody c7E3 (chimeric 7E3),

consisting of variable parts of anti GP IIb�IIIa murine

monAB 7E3 and constant parts of human IgG. ReoPro in

a same way as FRAMON inhibits GP IIb�IIIa receptor

activity and platelet aggregation [10, 11]. MonAb CRC54

is directed against LIBS (Ligand�Induced Binding Site)

epitope in GP IIIa [6, 12]. Upon interaction with GP

IIb�IIIa this antibody changes the conformation of GP

IIb�IIIa, stimulating binding of high molecular weight

ligands with this receptor and subsequent platelet aggre�

gation [6].

Platelets. Platelet rich plasma (PRP) was obtained

from the blood of healthy donors using 3.8% sodium cit�

rate as anticoagulant at the ratio blood/anticoagulant 9 :

1. The blood was centrifuged at 150g for 10 min at room

temperature, PRP was collected, and the remaining

blood was centrifuged at 1000g for 15 min at room tem�

perature. Plasma was used for dilution of PRP to neces�

sary platelet concentration (2.5·108 per ml). When sero�

tonin concentration was studied [14C]serotonin was

added to PRP at the concentration of 2 µM and incubat�

ed with PRP for 20 min at 37°C. Washed platelets from

the blood of healthy volunteers were obtained and

labeled with [14C]serotonin as described earlier [13].

Washed platelets were also obtained from the blood of a

previously characterized patient with Glanzmann’s

thrombasthenia (hereditary deficiency of GP IIb�IIIa)

[14].

Platelet aggregation. Platelet aggregation and secre�

tion from granules were studied in PRP or washed

platelet suspension at platelet concentration of 2.5·108

and 3·108 per ml, respectively. [14C]Serotonin�labeled

platelets were used when serotonin secretion was investi�

gated. Platelet suspension (300 µl) was added into the

cuvette of the aggregometer (BIOLA Ltd, Russia) and

incubated at 37°C and stirring at 800 rpm. Platelets were

activated by different agonists at 30 sec after starting the

incubation. In PRP platelets were activated by ADP

(20 µM), U46619 (2 µM), and monAB CRC54

(450 µg/ml) and washed platelets were activated by

thrombin (0.1 and 1.0 U/ml) and Con A (100 µg/ml).

Thrombin and Con A were added to washed platelets

because after addition to PRP thrombin caused forma�

tion of a fibrin clot and Con A interacted not only with

platelet surface proteins but also with many blood plasma

glycoproteins. In preliminary experiments it was shown

that concentrations of CRC54 and Con A used in this

study (450 and 100 µg/ml, respectively) were saturating

and caused maximal platelet aggregation. After addition

of ADP, U46619, and thrombin, platelets were incubated

in the aggregometer cuvette for 4.5 min, and after addi�

tion of CRC54 and Con A, which induce slower aggrega�

tion, for 9 min. In respective control samples platelets

were incubated without inducers also for 4.5 and 9 min.

Aggregation was followed by changes of light transmis�

sion (% T) in the platelet suspension. When the effects of

the inhibitors of platelet aggregation (ReoPro, FRA�

MON, aspirin) were studied platelets were preincubated

with these preparations for ≥2 min at 37°C. The same

incubation regimens were used for secretion measure�

ments.

Serotonin secretion. After incubation of platelets

(300 µl of PRP or washed platelets) with the agonists

and registration of aggregation (see above) 60 µl of ice

cold 100 mM EDTA solution (pH 7.4) was added into

the aggregometer cuvette. Platelet suspension was

taken from the cuvette, platelets were spun down at

10,000g for 5 min and the supernatant was collected for

subsequent [14C]serotonin determination. Total

amount of [14C]serotonin in platelet suspension (incor�

porated into platelets + free) was determined after

platelet lysis (300 µl of PRP or washed platelets + 60 µl

of 100 mM EDTA solution) with 1% SDS (final con�

centration) for 5 min at room temperature. For deter�

mination of free, not incorporated into platelets,
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[14C]serotonin its amount was measured in the super�

natant obtained after addition of 60 µl of 100 mM

EDTA to 300 µl of platelet suspension and sedimenta�

tion of platelets at 10,000g for 5 min. Before the meas�

urement of radioactivity all samples containing platelet

supernatant were supplemented with 1% SDS. The

amount of [14C]serotonin incorporated into platelets

was calculated as total minus free [14C]serotonin and

this value was considered as 100%. The amount of

released serotonin was estimated as [14C]serotonin in

the supernatant of activated platelets minus free

[14C]serotonin and was expressed in percent of platelet

incorporated [14C]serotonin. The amount of free

[14C]serotonin in PRP was not higher than 10% and in

washed platelet suspension not higher than 3% of total

[14C]serotonin. When [14C]serotonin secretion was

measured in PRP in all samples protein was precipitat�

ed with trichloroacetic acid (TCA). TCA was added to

the samples at final concentration of 5%, samples were

incubated for 10 min at 4°C, non�dissolved material

was precipitated (5 min at 10,000g) and [14C]serotonin

was measured in the supernatants. Measurements of

the radioactivity were performed in an LKB counter

(USA) using ZhS�8 scintillation cocktail (Reakhim,

Russia).

Secretion of soluble P�selectin. After incubation with

agonists and measurement of platelet aggregation (see

above) platelets were spun down at 10,000g for 5 min.

Supernatant was collected and centrifuged at 100,000g for

60 min at 4°C for the precipitation of possible contami�

nation of membrane P�selectin containing membrane

microparticles. Determination of soluble P�selectin in

the 100,000g supernatants was performed using previous�

ly developed sandwich ELISA [15].

RESULTS

Inhibitors of GP IIb�IIIa receptor activity, FRA�

MON and ReoPro, at the concentration of 10 µg/ml

completely blocked platelet aggregation induced by

physiological platelet activators—ADP, thromboxane A2

(substituted by its stable analog U46619), or thrombin

(Fig. 1). Inhibition of platelet aggregation induced by

ADP was also accompanied with the full inhibition of

secretion from dense granules which was registered by

[14C]serotonin release. Upon platelet activation with

U46619 release of serotonin was inhibited by FRAMON

and ReoPro by 60�70% and upon activation with 0.1 U/

ml of thrombin—by 40�50%. When platelets were acti�

vated with thrombin at 1.0 U/ml serotonin secretion was

not decreased in the presence of GP IIb�IIIa blockers

(Table 1). Secretion from α�granules was followed by the

release from platelets of the soluble form of cell adhesion

molecule P�selectin. When platelets were activated with

ADP, GP IIb�IIIa antagonists completely suppressed P�

selectin secretion. The amount of soluble P�selectin in

the plasma obtained after sedimentation of platelets acti�

vated with ADP in the presence of FRAMON and

ReoPro was significantly lower than in the absence of

GP IIb�IIIa antagonists and approximately the same as

in plasma collected after sedimentation of control non�

activated platelets (Table 2). However, upon platelet

activation with other inducers, U46619 and thrombin at

both concentrations, the level of P�selectin secretion

was not decreased in the presence of GP IIb�IIIa block�

ers (Table 2).

MonAB CRC54 interacting with GP IIb�IIIa

changes its conformation and stimulates fibrinogen

binding to GP IIb�IIIa and subsequent aggregation [6].

CRC54�induced aggregation, like aggregation induced

by physiological inducers, was completely blocked by GP

IIb�IIIa antagonists (Fig. 2). Studies of secretion have

shown that CRC54 stimulated not only platelet aggrega�

tion but also release reactions—secretion of serotonin

from dense granules and soluble P�selectin from α�gran�

ules (Tables 1 and 2, respectively). Both types of CRC54�

induced secretion were less expressed than those induced

Fig. 1. Inhibition of platelet aggregation by GP IIb�IIIa antag�

onists—FRAMON and ReoPro. Platelets in PRP (a, b) and

washed platelets (c, d) were preincubated without additions

(curves 1) or in the presence of 10 µg/ml of FRAMON (curves

2) or 10 µg/ml of ReoPro (curves 3) and then platelet aggrega�

tion was induced by 20 µM ADP (a), 2 µM U46619 (b), and 0.1 U/

ml (c) or 1.0 U/ml thrombin (d).
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by activation of platelets with physiological agonists

(ADP, U46619, and thrombin) and were blocked by

FRAMON and ReoPro (Tables 1 and 2). CRC54�

induced secretion from both types of granules was also

completely suppressed in the presence of aspirin (Fig. 3),

which inhibited synthesis of thromboxane A2 in platelets

[16]. Inhibition of so�called second wave of platelet

aggregation was also observed after addition of aspirin

(Fig. 2). This wave is developed as a result of the

autocrine action of platelet�synthesized thromboxane A2

and secreted from dense granules endogenous inducers

of aggregation like ADP and serotonin [4]. Thus, these

data indicated that effects of CRC54 on secretion

processes depend on the formation of thromboxane A2 in

platelets.

It is known that platelet activation after addition of

Con A is caused by the clusterization of membrane pro�

tein receptors, which interact with this lectin [17�19],

including GP IIb�IIIa [19, 20]. Con A�stimulated aggre�

gation of washed platelets was only partially inhibited by

FRAMON and ReoPro (Fig. 4) and so was only partially

dependent on the interaction of GP IIb�IIIa with fibrino�

gen, which corresponded to our previous results [13].

(Residual aggregation that did not depend on GP IIb�IIIa

receptor activity represented passive agglutination of

platelets caused by interaction of the polyvalent lectin

with glycoproteins localized on the surface of adjacent

platelets [13].) Con A�induced platelet activation and

aggregation were accompanied by secretion of serotonin

from dense granules. This secretion was decreased upon

inhibition of GP IIb�IIIa receptor activity by FRAMON

by only 15�20% (Table 1). To evaluate the contribution of

not only ligand binding but also of the clusterization of

GP IIb�IIIa in the stimulation of Con A�induced release

reactions, we measured serotonin secretion from platelets

of the patient with Glanzmann’s thrombasthenia—the

hereditary deficiency of GP IIb�IIIa. Despite the absence

of GP IIb�IIIa addition of Con A caused agglutination of

the patient’s platelets. The level of this agglutination was

about the same as the level of agglutination of platelets

Inducers of
platelet activity

ADP

U46619

CRC54

Thrombin 
(0.1 U/ml)

Thrombin 
(1.0 U/ml)

Con A 
(100 µg/ml)

without 
GP IIb�IIIa
antagonists

57.2 ± 10.9

44.5 ± 4.1

15.3 ± 5.1

52.0 ± 7.1

80.4 ± 2.7

44.8 ± 9.4

ReoPro

0 ± 0
р = 0.021

6.3 ± 3.2
р = 0.004

1.0

25.7

73.5

n.d.

FRAMON

0.6 ± 0.6
р = 0.022

13.9 ± 2.6
р = 0.010

0 ± 0
р = 0.040

23.2 ± 12.6
р = 0.019

75.2 ± 3.2 
р = 0.080

37.6 ± 10.4
р = 0.010

Table 1. Effects of GP IIb�IIIa antagonists on serotonin

secretion

Secretion of [14C]serotonin, 
% of platelet incorporated

Mean ± SEM for n ≥ 4 (4�7) and mean values for n < 4 (2�3) are

presented. p, significance of differences between the level of

[14C]serotonin secretion in the absence of GP IIb�IIIa antago�

nists and in the presence of FRAMON and ReoPro estimated

for n ≥ 4 (paired t�test); n.d., not determined. Secretion of

[14C]serotonin in control samples (incubation without inducers

of platelet activity) did not exceed 2�3% of platelet incorporated

[14C]serotonin.

Inducers of
platelet activity

ADP

U46619

CRC54

Without 
inducers

Thrombin 
(1.0 U/ml)

Thrombin 
(0.1 U/ml)

Without 
inducers

without 
GP IIb�IIIa
antagonists

293 ± 28

376 ± 33

242 ± 29

180 ± 24

159 ± 15

149 ± 22

19 ± 7

ReoPro

145 ± 42
р = 0.010

344 ± 59
р = 0.172

150

n.d.

148 ± 19
р = 0.232

144 ± 41
р = 0.412

n.d.

FRAMON

168 ± 23
р = 0.009

318 ± 43
р = 0.152

151 ± 21
р = 0.007

n.d.

159 ± 25
р = 0.987

125 ± 27
р = 0.305

n.d.

Table 2. Effects of GP IIb�IIIa antagonists on soluble P�

selectin secretion

Soluble P�selectin, ng/ml

Soluble P�selectin was determined in plasma (PRP) or in the

incubation medium (washed platelets). Mean ± SEM for n ≥ 4

(4�7) and mean values for n < 4 (3) are presented. The amount

of soluble P�selectin in plasma or incubation medium in the

presence of inducers of platelet activity (without GP IIb�IIIa

antagonists) in all cases was higher than without inducers (p <

0.05, paired t�test). p, significance of differences between con�

centrations of soluble P�selectin in the absence of GP IIb�IIIa

antagonists and in the presence of FRAMON and ReoPro esti�

mated for n ≥ 4 (paired t�test); n.d., not determined.

PRP

Washed platelets

Note:

Note:
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from healthy donor registered upon blockade of GP IIb�

IIIa receptor activity (Fig. 4). Con A�induced serotonin

secretion from the patient’s platelets was relatively high,

47% of incorporated, and so did not significantly differed

from the mean level of secretion from platelets of healthy

donors (Table 1). Thus neither occupation nor clusteriza�

tion of GP IIb�IIIa is essential for the stimulation of the

secretory response upon Con A�induced platelet activa�

tion.

DISCUSSION

The involvement of GP IIb�IIIa in the stimulation of

secretion from dense and α�granules has been studied in

the present investigation. Secretion from dense granules

was registered by measuring [14C]serotonin release from

preliminarily labeled platelets and secretion from α�gran�

ules – by measuring the amount of the soluble from of

cell adhesion molecule P�selectin in the incubation

medium. Earlier it has been shown by us [15] and subse�

quently by other authors [21] that soluble form of P�

selectin, platelet α�granule specific protein [22], is

secreted upon platelet activation by different agonists and

therefore this protein could be used as a marker of secre�Fig. 2. Effects of FRAMON, ReoPro, and aspirin on platelet

aggregation induced by monAB CRC54. Platelets (PRP) were

preincubated without additions (curve 1) or in the presence of

10 µg/ml FRAMON (curve 2), 10 µg/ml ReoPro (curve 3) or

1 mM aspirin (curve 4) and then aggregation was stimulated

with 450 µg/ml CRC54.
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tion from this type of granules. Soluble P�selectin is nor�

mally present in blood plasma [23, 24], but this does not

interfere with the determination of its secretion in PRP

since the amount of the protein secreted from platelets is

comparable with its plasma concentration [15].

Binding of GP IIb�IIIa with fibrinogen and other

ligands and platelet aggregation mediated by these inter�

actions was inhibited by anti�GP IIb�IIIa monAB frag�

ments—F(ab′)2 fragment of murine antibody FraMon [5�

7] and Fab fragment of recombinant chimeric antibody

c7E3 consisting of variable domains of murine monAB

7E3 and constant domains of human IgG [11, 12]. Both

fragments are used as drugs in clinical practice for pre�

vention of thrombosis—preparation FRAMON [7�9] and

ReoPro [11, 12], respectively. FRAMON and ReoPro in

saturating concentrations used in this study effectively

and identically inhibited platelet aggregation. However,

since these antibodies are directed against different epi�

topes in GP IIb�IIIa [9], in most experiments where their

action on release reactions was studied we used both

agents.

In the first part of the study we investigated the

action of FRAMON and ReoPro on the secretion from

granules stimulated by physiological agonists—ADP,

thromboxane A2 (using its stable analog U46619), and

thrombin. All these inducers activate platelets interacting

with specific receptors on platelet membrane. Signal

transduction through these receptors within the cell stim�

ulates conformational changes of GP IIb�IIIa. Due to

these changes this receptor acquires the ability to bind

RGD�containing ligands, the most important of which

are fibrinogen and von Willebrand factor. Binding of

polyvalent proteins with GP IIb�IIIa leads to the forma�

tion of molecular bridges between activated platelets and

to their aggregation [1�3]. When platelets are activated in

PRP, adhesive proteins in surrounding plasma are

involved in the formation of platelet aggregates and when

washed platelets are activated in the absence of plasma

these proteins are preliminarily released from activated

platelets along with other granule components [4].

Results obtained in this study demonstrated that suppres�

sion of aggregation in the presence of GP IIb�IIIa block�

ers might be accompanied by a decrease of secretion from

platelet granules. When platelets were activated by ADP,

FRAMON and ReoPro completely suppressed not only

platelet aggregation but also secretion from dense and α�

granules. These data indicated that upon ADP action on

platelets generation of the signal that stimulates granule

secretion is caused not by ADP binding to its receptor but

by subsequent interaction of fibrinogen and probably

other ligands with GP IIb�IIIa. When platelets were acti�

vated by thromboxane A2 analog and by thrombin in low

concentration (0.1 U/ml) GP IIb�IIIa blockers only par�

tially inhibited secretion from dense granules. Obviously

in this case for the realization of maximal secretion beside

the signal transduced through the thromboxane A2 and

thrombin receptor, additional signal generated by the GP

IIb�IIIa–ligand interaction is required. Secretion from

α�granules induced by U46619 and by low concentration

of thrombin as well as secretion from both types of gran�

ules induced by high concentration of thrombin concen�

tration was not reduced in the presence of GP IIb�IIIa

antagonists. Thus, in these cases the realization of full�

scale secretion was achieved just by the action of agonists

and did not required the involvement of GP IIb�IIIa.

Unlike physiological agonists used above monAB

CRC54 affects GP IIb�IIIa directly and by changing its

conformation stimulates fibrinogen binding and subse�

quent aggregation [6]. In the present study it was shown

that CRC54 induced not only aggregation but also secre�

tion from both types of platelet granules. These results

pointed out that binding of fibrinogen with GP IIb�IIIa

itself could be sufficient for the initiation of secretory

response. Both GP IIb�IIIa antagonists inhibited by

100% secretion of serotonin and soluble P�selectin

demonstrating the essential role of GP IIb�IIIa occupa�

tion in the stimulation of CRC54�induced release reac�

tions. The ability to induce release reaction from dense

granules was previously demonstrated for other anti�GP

IIb�IIIa activating antibody, LIBS1 [25], whose binding

site differed from CRC54 epitope [6]. Interestingly,

monAB D3GP3, which is also able to stimulate fibrino�

gen binding with GP IIb�IIIa [26] and which interacts

with an epitope different from that of CRC54 [12, 27],

failed to activate platelets and stimulate secretion from

platelet granules [26, 28]. The reason for such differences

in the action of these antibodies remains unclear. In the

present study using monAB CRC54 it was shown for the

first time that antibodies that can stimulate GP IIb�IIIa

activity are also able to induce secretion not only from

dense but also from α�granules. CRC54�induced sero�

tonin and soluble P�selectin secretion was suppressed in

the presence of aspirin—a cyclooxygenase inhibitor that

blocks synthesis of thromboxane A2 in platelets [16].

These data are in line with the results obtained upon

investigation of the effects of another activating antibody,

LIBS1; inhibition of thromboxane A2 synthesis prevented

secretion from dense granules induced by this antibody

[25]. These data prove that signals generated as a result of

GP IIb�IIIa–fibrinogen interaction affects the process of

intracellular granule exocytosis not directly but by induc�

tion of the synthesis of thromboxane A2 that activates

platelets via autocrine mechanism and consequently

stimulates secretory reactions.

Our results obtained upon investigation of the effects

of anti�GP�IIb�IIIa antibody fragments on the secretion

from dense granules are mainly in line with the results

obtained previously with the preparation ReoPro [29, 30]

that was also employed in the present study as well as with

other blockers of GP IIb�IIIa receptor activity—monAB

10E5 [31] and RGD�like peptidomimetic Ro 44�9883

[32]. These agents also suppressed secretion from dense
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granules when platelets were activated by ADP [29�32] or

low doses of more powerful inducers like thrombin, col�

lagen, and some others [30�32]. Our investigations have

shown that preparation FRAMON could also inhibit

secretion from dense granules. The involvement of GP

IIb�IIIa in the generation of the signal stimulating this

type of secretion from dense granules was also confirmed

by the data obtained in the studies of secretion in patients

with Glanzmann’s thrombasthenia (hereditary deficiency

of GP IIb�IIIa). Platelets derived from these patients are

characterized by the decreased secretion from dense

granules upon their activation by ADP and some other

agonists [32, 33].

The literature data on the effects of GP IIb�IIIa

antagonists on the secretion from α�granules are more

contradictory. According to some authors ReoPro [29,

30] and RGD�like peptidomimetics Ro 44�9883 [32] and

SR121566A [30] are able to inhibit secretion from α�

granules. However, according to other results GP IIb�IIIa

antagonists including ReoPro either do not influence

exocytosis of that type of granules [34] or even stimulate

this process [35, 36]. Such inconsistency might be

explained by different experimental conditions such as

incubation in whole blood or PRP, the nature and the

concentrations of platelet agonists used in different stud�

ies and also by application of different methods for the

measurement of granule exocytosis. For example, in

papers where increased exocytosis of α�granules was reg�

istered in the presence of ReoPro [35, 36] platelets were

activated in whole blood and the process of exocytosis was

evaluated using flow cytometry by expression on the

platelet surface of the membrane form of P�selectin—the

marker of α�granule membranes [22]. Under such condi�

tions the suppression of platelet–platelet interaction in

the presence of ReoPro might lead to the binding of the

most activated platelets containing the highest amount of

P�selectin on their surface to white blood cells and that is

why these platelets would not be taken into account in

analysis. According to our data ADP�induced secretion

of soluble P�selectin was inhibited by 100% by FRAMON

and ReoPro. Moreover, we have shown for the first time

that activating antibody CRC54, which directly stimu�

lates fibrinogen binding with GP IIb�IIIa, could also

stimulate secretion from α�granules. Thus our results as

well as results obtained by other authors suggest that the

signal initiated by the interaction of fibrinogen with GP

IIb�IIIa could be also involved in the stimulation of the

secretion from platelet α�granules.

We also studied dense granule secretion upon platelet

activation with Con A. This lectin activates platelets via

clusterization of different platelet surface proteins includ�

ing GP IIb�IIIa [17�20]. Release of P�selectin was not

studied in this case since Con A itself could bind to this

protein [13], and that is why it could influence the

processes of its release from platelets as well as the results

of ELISA. Con A added to washed platelets stimulated

serotonin secretion. This result is consistent with previous

data obtained in our laboratory [13] and by other authors

[17]. However, clusterization of GP IIb�IIIa and its occu�

pation by the ligands upon addition of Con A are appar�

ently not essential for the stimulation of the secretory

response. The level of Con A�induced serotonin secretion

was only slightly decreased by GP IIb�IIIa blockade (by

15�20%) and was still high in a patient with hereditary GP

IIb�IIIa deficiency. The data suggested that Con A could

support a high level of secretion even without GP IIb�IIIa

involvement—by clusterization and transduction of acti�

vating signal through other receptors. It is well known

that Con A is not highly specific and could interact not

only with GP IIb�IIIa, but with many other proteins on

platelet surface [13]. This is also confirmed by the ability

of Con A to stimulate agglutination of platelets from a

patient with GP IIb�IIIa deficiency observed in this study.

It is also known that, despite the absence of GP IIb�IIIa,

Con A is able to stimulate formation of phosphoinositides

[37] and phosphorylation of several activation proteins

[19] in platelets of patients with Glanzmann’s thrombas�

thenia. Taken together these data indicated the involve�

ment of other, distinct from GP IIb�IIIa, membrane pro�

teins in the formation and transduction of Con A�

induced signals, which presumably support platelet acti�

vation and secretion from granules in the absence of GP

IIb�IIIa or upon blockade of its receptor activity.

Thus the results obtained in this study demonstrated

that binding of GP IIb�IIIa with fibrinogen and probably

with other ligands leads to the stimulation of secretion

from both dense and α�granules. When the level of secre�

tion does not depend on GP IIb�IIIa interaction with its

ligands or its presence in platelets full�scale secretion

could be presumably supported by other signals trans�

duced within the cell without GP IIb�IIIa participation.

In conclusion, it should be noted that GP IIb�IIIa

antagonists used in this study, FRAMON and ReoPro,

are antithrombotic drugs applied for the prevention and

therapy of thrombotic complications in coronary angio�

plasty [8�11]. The fact that these agents are able to inhib�

it not only platelet aggregation but granule secretion as

well might be clinically significant. It is known that

platelets release compounds that might affect cells in the

vessel wall and in particular stimulate proliferation of

smooth muscle cells, a process that is significant for ves�

sel restenosis—the main remote complication of angio�

plasty [29, 38].
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