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Introduction

It is well known that platelet aggregation is medizued
by the acuvanon»dependent binding of several a )

GP lb-illa [8] and is necessary lo mantain Na*/H*

h in epinephri imul latelets [9]. Fur-
thermore fibrinogen-receptor associates with cyto-
Xk

luding fibrii and von
W|l|ehrand factor, to the platelet membrane GP IIb-111a
lex. The i ion of adh with GP

Ilb-Illa appears to be mediated by an Arg-Gly-
Asp(RGD) recognition specificity [1.2]: RGD-contain-
ing peptides inhibit binding of fibrinogen, fibronectin
and von Willebrand facter to activated p

during platelet aggregation {10}
under t,ondmom where fibrinogen is secreted from
platelets and bound to their surface. Moreover several
observations indicate that GP Iib-IHa is implicated in
Ca?* movements: Brass et al. demonstrated that this

b p P a high-affinity bind-
ing site for Ca*' on platelet surface [11] and that it is
with a involved in ining Ca®* | is in i

concomitant inhibition of platelet functions, mainly ag-
gregation {3-5], moreover their binding determines
structural modification of the receptor [6]. There is
evidence that this membrane component activeiy par-
ticipates in the mechanisms of platelet activation: the
binding of RGD- ining ligands, i fibrino-

lated platelets [12). This result is confirmed by the
evidence that puritied GP [Ib-Il1a incorporated onto
the surface of liposomes displays Ca®* channel proper-
ties when its Ca’*-dependent integrity is mantained
[13]. Also ihe cytoplasmic Ca** in activated
latel e

gen, induces the expression of a neoantigenic site on
platelet surface [7)], the clustering of platelet associated

is i ly dified in the p of
specific ligands for GP 11b-1Ila complex. Powling and
Hardisty [14] hypothesize that the GP 11b-111a complex

is closely adjacent to a Ca®* channel responsibie for

Ca®" influx during plotelet activation, meanwhile
Abbreviations: PRP, platelet-rich plasma; IP. mumol phosph.n P, Yamaguchi et al. [15] der ed that this
inositol 1P, inositol i p is directly involved in this process. Both
cAMP, adenosine 3’5" BCA. inic acid. these authors observed a decrease of Ca* influx in

BSA, bovine serum albumin; PGE,. pmsmghndm E,: GRGDS.
Gly-Arg-Gly-Asp-Ser; PK-C, protein kinase C.
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activated platelets in the presence of anti-GP IIb-I1la
monoclonal antibody or RGD-containing peptides. Re-
cently we confirmed these observations, and morzover
we observed that fibrinogen, the main GP Ilb-Illa
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ligand, displays an inhibitory effect on Ca?* movement
and cytoskeleton reorganization caused by mild platelet
stimulation [16]. These findings led us to investigate the
effect of GP I1b-111a ligands on agonist-induced platelet
responses, with particuiar attention to intracellular regu-
latory processes. The nature of a platelet response ini-
tiated by receptor occupancy depends on the selective
coupling of a particular receptor to at least two major
messenger generating systems. One involves phospho-
hpase C- cat?lyzed hydrolysls of membrane inositol

GP 11b-111a ligands used

In all the reported experiments fibrinogen was used
at a concentration near the physiological level (0.4 or
1.2 g/l). The GRGDS concentration (400 pM) was
higher with respect to that reported to determine a 50%
inhibition of fibrinogen binding [18] and was chosen in
order to determine under our experimental conditions a
complete inhibition of platelet aggregation. All the ex-
periments were carried out without stirring after
thrombin addition to platelet suspension; when

holi “and p ion of inositol trip

(lP‘) and d- vrvlglyceml (DAG), whereas the olher is
related to the formation of cyclic adenosine 3',5’-mono-
phosphate (¢(AMP) which is known to inhibit the events
characteristic of platelet activation like shape change,
adhesion, aggregation and release reaction [17] although
the mechanism of this effect is still uncertain. In this
article we investigate the effect of GRGDS peptide and
fibrinogen on both these messenger-generating systems
and d that the y of the major ad-
hesive protein receptor on the platelet surface mod-
ulates the phosphatidyl-inositol cycle affecting the
amount of IP;, IP, and IP produced after mild platelet
activation as well as the pattern of protein phosphoryla-
tion. Moreover the presence of both the GP Ilb-1lla
ligands affects platelet cAMP content of activated
platelets, evaluated under the same experimental condi-
tions. Our data provide evidence for a role of fibrinogen
binding in regulating the degree of activation of cir-
culating platelets.

Materials and Methods

Reagents

Scphiarose 2B was from Pharmacia; BCA was ob-
tained from Pierce; Na'*I, myo-[2-*Hlinositol (13.8
Ci/mmol) and carrier-free [*Plorthophosphate came
from Amersham International. Bovine serum albumin
(BSA), human thrombin, apyrase and PGE, were
purchased from Sigma. GRGDS peptide was from
Novabiochen. Insta-Gel was from Packard Instru-
ments. AG 1-X8-formate form (200 mesh) came from
Bio-Rad Laboratories. Tosylglycylprolylarginine-4-
nitroanilide acetate (Chromozym TH) used for throm-
bin activity detection was from Boehringer M hei

fibrinogen was present, no evident formation of insolu-
ble fibrin occurred within 60 s from the addition of the
agonist at any concentration used.

Labelling of human thrombin

1251.1abelling of thrombin was performed by the
Chloramine-T method essentially as previously de-
scribed [19]. The electrophoretic pattern was not mod-
ified by this treatment as verified by SDS-PAGE under
reducing and nonreducing conditions and by auto-
radiography (data not shown). About 95% of the radio-
activity p d in 10% trichl acid. After
labelling, protein concentration was determined by BCA
assay [20]; the enzyme activity was evaluated using
tosylglycylprolylarginine-4-nitroanilide acetate as sub-
strate [21).

Thrombin binding to gel-filtered platelets

The binding of labelled enzyme to human platelets
was measured in the presence and in the absence of
0.4-1.2 g/I fibrinogen purified from human plasma [16]
or 400 pM ide in the medi ially as
previously described [19].

Measurement of [*H]inositol phosphates

PRP obtained from 60-80 ml of blood was centri-
fuged at 800X g for 15 min to yield a platelet-rich
pellet. The peliet was then resuspended in 2 ml of
modified Hepes-Tyrode buffer, pH 7.4 (10 mM Hepes,
137 mM NaCl, 2.9 mM KCl, 12 mM NaHCO,) (buffer
A) containing 0.5% BSA, 5 mM glucose, apyrase (40
mg/| final concentration) and 1 pM PGE,. For label-
ling, the platelet suspension was incubated with myo-[2-
3Hlinositol (0.125 mCi/ml) for 3 h at 37°C. Free
myo-[2-*HJinositol was removed gel filtering the platelet

All other chemicals, obtained from various sources,
were of analytical grade.

Preparation of platelet-rich plasma

Blood was obtained by clean of healthy
volunteers who denied having taken any drugs during
the previous two weeks. The blood samples were anti-
coagulated with ACD (acid citrate-dextrose). Platelet-
rich plasma was prepared by centrifugation at room
temperature for 15 min at 120 X g.

on Seph 2B and eluting with buffer A,
comammg 5 mM glucose. In some experiments myo-[2-
*Hjinositol-labelled platelets were diluted to 10 ml with
the same buffer and pelleted centrifuging at 800 X g for
15 min. The final platelet concentration was adjusted to
10° cells/ml with buffer A containing S mM glucose.
Platelet suspension was rendered 1 mM CaCl, and 10
mM LiCl and incubated for 15 min at 37°C. Aliquots
of 0.5 mi, eventually mixed with fibrinogen (1.2 g/1
final ion) or p peptide (400 uM final con-
centration) were prewarmed at 37°C for 3 min, then




activated with 0.1-0.5 U/ml of thrombin. After a time
ranging from 15 to 60 s the reaction was stopped by
addition of 1.88 ml of chloroform/methanol/HCl
(100:200:2, v/v). Phase partition was obtained by
adding chloroform (0.62 ml) and water (0.62 ml). For
determination of zero-time value, a sample wus
processed as above described without agonist addition.
Samples were vortexed and then centrifuged at 800 X g
for 10 min. 2 ml of the upper phase containing water-
soluble inositol phosphates were neutralized with 2 M
CH,COONH, and chromatographyed on 1 ml of AG
1-X8 anion exchange-resin as described by Watson et

[22). Briefly, [*Hjinosito! and [*Hjglycerophos-
phorylinositol were eluted with 16 ml of 60 mM am-
monium formate, 5 mM disodium tetraborate; 1P with
16 mi of 200 mM ammonium formate, 100 mM formic
acid; IP, with 16 ml of 400 mM ammonium formate.
100 mM formic acid; 1P, with 12 ml of 1 M ammonium
formate, 100 mM f{ormic acid. Radioactivity in portions
(8 ml) of each fraction was determined by scintillation
counting in the gel phase using Insta-Ge! as scintiilation
fluid. Results were corrected for all loss factors.

Evaluation of agonist induced protein pha:phor}lanan

Protein phosph: _ylauuu in resp to
of platelets by was d as P incor-
poration into proteins after labelling of the platelet
metabolic phosphate pool with carrier-free [**Plortho-
phosphate.

ACD-anti lated PRP ot d from 40-50 mi
of blood was applied to a Sepharose 2B column and gel
filtered using buffer A containing 0.5% BSA and 5 mM
glucose. For labelling, gel-filtered platel 2-10°
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as described above, using buffer A, 0.5% BSA as eluent.
Platelet count was acjusted to 10*/ml and rendered 1
mM CaCl,. Samples containing 0.5 - 10 cells were equi-
librated at 37°C, eventually in the presence of fibrino-
gen (0.4 g/1) or 400 pM pentapeptide and activated
with 0.1 U/ml thrombin for 30 s. The reaction was
stopped adding theophilline (10 mM final concentra-
tion) and cooling sdmples in an ice-bath. Cells were
disrupted by soni T ins were precip d
adding 2 vol. of ice-cold ethanol, then pcllclcd centri-
fuging for 10 min in a microfuge. The cAMP containing
surnatants were dried under vacuum. then dissolved in
1.5 ml of water and cAMP concentration was de-
termined with a radioimmunoassay using cyclic adeno-
sine 3’.5’-mono p ic acid 2"-O- 13- 1)-
iodotyrosine methyl ester as tracer.

Results

Effect of GP 11b-111a ligands on '**I-thrombin birding to
human platelets

In order to verify that platelzt-thrombin interaction
was not quantitatively modifie ! in the presence of GP
I1b-111a ligands, we measured ths amount of '* I-labelled
thrombin bound to gel filtered olatelets in the presence
of 400 pM GRGDS peptide cr fibrinogen (0.4 g/1).
Experiments were performed adding the ligands to 150
pl of platelet suspension 1 min before 0.005 U of
labelled enzyme. In these experimental conditions, no
significant platelet activation occurs. Binding was mea-
sured at 30 s from the start of the experiments. The
binding of iodinated-thrombin to gel filtered human

cells/ml) were incubated with PO, (0.1 mCi/mi) for
90 min at 37°C, then platelets were again gel filtered
using buffer A without BSA. Samples containing 2 - 10°
cells/ml were p d at 37°C, lly in the
presence of GP Itb-IlIa ligands (1... g/1 fibrinogen or
400 pM GRGDS, final concentrations). Experiments
were started adding 0.1--0.5 U/ml thrombin. At times
ranging from 15 s to 60 s aliquots were drawn from the
reaction mixture, transferred to vials containing D 2 vol
of 12% SDS, and boiled for 10 min. For d

latelets was not d d by the of GRGDS
pentapeptide or fibrinogen (data not shown).

Effect of GRGDS peptide and fibrinogen on thrombin
induced inositol phosphate production

Thrombin induced phosphodiesteratic-cleavage of
platelet membrane phosphoinositides was monitored
measuring the formation of radioactive inositol phos-
phates in [*HJinositol-labelled platelets. The increase in
IP; was much smaller than the increment in [P and 1P;,

of zero-time protein phosphorylallon' a sample was
p d before the addition of tk The p

were separated by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) using the Laem-
mli buffer system [23] and a 5-20% acrylamide gradient
under reducing conditions. Gels were stained with
Coomassie brilliant blue, dried and autoradiographed.
The specific areas corresponding to the 40-kDa and
20-kDa proteins were excised and counted in a liquid
scintillation counter.

Measurement of platelet cAMP concentration
PRP obtained from 20-30 ml of blood was gel-filtered

as previously reported by Watson et al. [22]. The forma-
tion of IP, IP, and IP; was time related: moreover,
whereas no significant difference in the production of
IP and IP, was observed treating platelets with 0.1 or
0.5 U/ml thrombin, the IP, production appeared to be
related to the dose of agonist used (Fig. 1). Platelets
activated with thrombin (0.1 U/ml) in the presence of
400 1M GRGDS peptide or fibrinogen (1.2 g/1) showed
a lowered production of inositol phosphates, mostly
afler 15 s of incubation (Fig. 2). Fibrinogen was a more

ibitor of inositol-phosphate production than
pentapeptide, the effect of which appeared to be coun-
teracted within 30 s from platelet activation. When
higher doses of thrombin (0.5 11/ml) were used. the
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Fig. 1. Time course of inositol phosphate formation induced by

different doses of thrombin. [*H}Inositol-labelled platelets were in-

cubated with 0.1 U/ml (@; or 0.5 U/mi (@) thrombin for various

times. Each point represents the mean +S.D. of duplicate determina-
tions obtained in four different experiments.

inositol p } was not modified by the

presence or both thc hgands (data rot shown).

Effect of GRGDS peptide and fibrinogen on thrombin-in-
duced protein phosphorylation

Preliminary time-course experiments revealed that in
our experimental conditions 20-kDa and 40-kDa pro-
tein were phosphorylated within 15 s from the the
addition of the agonist. The amouni of *2P incorporated
in both these proteins increased up to 60 s, moreover a
dependence from the agonist concentration was ob-
served treating platelets with thrombin ranging from 0.1
U/ml to 0.5 U/ml. The effect of GRGDS pentapeptide
on 20-kDa and 40-kDa protein phosphorylation was
evaluated under the same experimental conditions. Both
the GP 1Ib-1Ila ligands used affected protein phospho-
rylation induced by the agonist (Fig. 3). Fibrinogen
inhibiicd &t ihe same extent thc phosphorylation of
20-kDa and 40-kDa proteins, and it displayed » similar
effect at any thrombin concentration used to activate

platel GRGDS p id d to be a less

pep PP

effective inhibitor of the phosphorylation of 20-kDa
and 40-kDa proteins induced by thrombin; anyway, its
effect on protein phosphorylation was statistically sig-
nificant for all the doses of the enzyme used to active
platelets.

Effect of GP 11b-I11a ligands on platelet cAMP levels
Fibrinogen and GRGDS peptide added to resting,
gel-filtered platelets, did not show any effect on the
cytoplasmic cAMP level. Under our experimental con-
ditions the ivation of platelets with t bin (0.1
U/ml) resulted in a more than 50% decrease of cCAMP
content. Addmon of fllmnogen or GRGDS to platelets
before acti p d a marked i in cAMP

% control

3

e

3

[H]-nosital phosphates,,
]

3

£ &%
time fsec)

Fig. 2. Effects of GP I1b-11la ligands on inositol phosphates produc-
tion induced by thrombin. [*H]Inositol-labelled platelets wers
activated with 0.1 U/ml thrombin in the presence of 1.2 g/1 fibrino-
gen (W) or 400 uM GRGDS (a). Results are expressed as % with
respect to the control. Dotted areas are representative of the range of
inositol phosphates produced in the absence of GP I1b-11)a ligands.
Each point represents the mean:£S.D. of duplicate determinations
obtained in four different i The

by the t-test) of the differences between the results obtained in the
presence of fibrinogen or GRGDS and these obtained in their
absence is also reported. (*). P <0.05; (**), P<00l; ns. not

significant.
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Fig. 3. Time ccurse of 40 kDa and 20 kDa protein phosphorylation
induced by different thrombin concentrations. *P-labelled platetets
were activated with 0.1, 0.3 or 0.5 U/ml thrombin for various times in
the presence of 1.2 g/1 fibrinogen () or 400 pM GRGDS (a) and in
their absence (O). Result are expressed as % phosphorylation increase
with respect to the basal levels. Each point represents the mean +8.D.
of duplicate determinations obtained in four different experiments.
The significance (determined by the r-test) of the differences between
the results obtained in the absence and in the picsence of G ftb-illa
ligands is also reported. (*). P <0.05; (**). P <0005 ns. not
significant.

levels of activated platelets (Tabie 1). Similar results
were obtained when 10 pM ADP was used as platelet
activator {data not shown).

TABLE |

cAMP concentrations after thrombin activation of plutelets in the pres-
ence and in the absence of GP I1b-111a ligands

Concentrations used: thrombin, 0.1 U/mi: fibrinogen. 04 2%
GRGDS, 400 uM. The significance (determined by r-test) of the
differences hetween the results obtained in activated platelets in the
presence and in the absence of GP 1ib-Illa ligands is also reported.

Piatelet treatment cAMP (pmol /10" cells)
None 3.76+0.22

Thrombin 1.55£0.05

Thrombin + fibrinogen 2254028 P <0.001

Thrombin + GRGDS 1.95+0.22 P < 0.001

Discussion

The GP Ilb-Illa complex beyond any doubt is the
platelet membrane component that has been more de-
eply investigated both in its structural characteristics
and functional roles. Its fundamental involvement in
platelet aggregation as fibrinogen binding site has been
investigated and characterized, as well as its ability to
bind other adhesive glycoproteins like von Willebrand
factor, fibronectin and vitronectin [24]. Moreover a
number of evidences st i ihat 1b-111a giycoproteins
play a role in the h of signal transGuction:
they are implicated in Ca®" flux across the membrane
[12] which is modified. together with the complex struc-
ture and distribution on the platelet surface, by the
binding of specific agonists [14.15}.

We have recently demonstrated that different GP
111b-H1a ligands. mostly fibrinogen. determine a lowered
cytoplasmic Ca®* movement and decrease the amount
of proteins organized in the cytoskeleton of human
platelets activated by ADF or low doses of thrombin
6}

In this paper we have investigated the effect of GP
[Ib-1tia iigands on other parameter of platelet activa-
tion like protein phosphorylation, production of inositot
phosphates, and cAMP concentrations. Using low doses
of thrombin as agenist. in the presence of physiological
fibrinogen concentrations or GRGDS. an inhibition of
the events characteristic of platelet activation occurs.
‘The doubt that could be raised is that the presence of
fibrinogen in the incubation di might sub
thrombin from its binding equilibrium with platelets,
with a concomitant reduction of the stimulation. How-
ever. this does not szem to be the case: in fact similar
results were obtained using the pentapeptide GRGDS
as GP 1Ib-111a ligand and moreover we had previonsly
demonstrated that both thrombin and ADP stimulation
were modulated by fibrinogen wiih respect to cyto-
plasmic Ca®* and kel izati
and we have also evidence that the cAMP concentration
is influenced quite similarly, both after low thrombin
and ADP activaticn in the presence of fibrinogen or
pentapeptide. Furthermore, it must be remarked that
thrombin binding 0 platelet surface is not decreased in
the presence of fibrinogen, using experimental condi-
tions in which no significant platelet activation occurs,
and therefore the increase of fibrinogen binding to the
surface is negligible. Moreover under our experimental
conditions no evident formation of insoluble fibrin oc-
curred so that it can be excluded that thrombin is
trapped by the insoluble fibrin network. It is therefore
unlikely that fibrinogen action is an expression of a
reduced availability of agonisi. The interpretation of
our results can be till now only speculative and it is
difficult to hypothesize which are the mechanisms re-

ible for the evid s reported here. The decreased
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production of the inositol phosphates and the lower
phosphorylation of 40-kDa protein after low thrombin
activation in the presence of fibrinogen and GRGDS
could be ascribed to an ihibition of ﬂhosphohpase C
that is resp for the hydrolysis of

dylinositides to yield DAG and phosphomosmdes. It
has been reported that 40-kDa protein is the main
substrate of DAG dependent PK-C in platelets [25,26]
and it is also weli documented that IPy acts on the
mobilization of Ca’* intracellular stores {27). The de-

creased cytoplasmi Ca** ation, that we have

d d. could be responsible for the

lower phosphorylnuon of the 20 kDa prolem that is
idered to be Ca>*-cal P {28].

Concemmg (he lower decrease of cAMP concentra-
11 in the of GP Ilb-I1la
ligands, this cuuld be the consequence of a decreased
activity of the cAMP-phosphodiesterase, but it cannot
be excluded that a direct effect on adenylyl cyclase
occurs. Anyway, CAMP is known 1o inhibit PK-C and
also the production of inositol phosphates [22,29,30],
and could be therefore the target of the primary effect
of fibrinogen and GRGDS binding, or could cooperate
in increasing this effect.

Whatever the sequence of the events which follow the
occupancy of GP llb-1lla binding sites, our results are
indicative of a new role for adhesive proteins and in
particular for fibrinogen in platelet function. It is well
known that these components are responsible for the
adhesion and aggregation of activated platelets; besides
this predominant function which is fully operative when
a strong activation occurs, it can be supposed that
adhesive proteins are able to protect platelets from low
intensity and undesired activations. The biochemical
events responsible for these mechanisms are till now
obscurc, but represent evidence that the GP IIb-1lla
complex is involved in the signal transduction in human
platelets.

tion
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