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Platelet membrane glycoprotein (GP lib-Ilia),  besides its activity, as adl~esive protein receptor, displays a number of 
properties supporting its involvement in the mechanism~ of transduction of the activation signal. Recently we have 
observed that G P  l ib-I l ia  ligands, mostly fibrinogen, inhibit Ca z÷ movement and cytoskeleton reorganization cattsed by 
mild platelet activation. These findings led us to investigate the effect of G P  IIb-l.qa lit~ancts on agonist-induced platelet 
responses, with particular attention to the two major messenger generating systems, involving the activation of 
phospholipase C and the inhibition of cAMP production. In this paper we demonstrate that the occupancy of the major 
adhesive protein receptor on the plate!et surface modulates the phosphatidylinositol cycle decreasing the amount of IP.,, 
IP  2 and IP produced af ter  mild platelet activation as well as the pattern of protein phosphorylation. The platelet c A M P  
content of activated platelets was also affected and kept higher when evaluated under the same experimental conditions. 
O u r  data provide evidence for  a role of fibrinogen binding in regulating ~he degree of activation of circulating platelets. 

Introduction 

It is well known that platelet aggregation is mediated 
by the activation-dependent binding of several adhesive 
glycoproteins, including fibrinogen, fibronectin and von 
Willebrand fac¢or, to the platelet membrane G P  l ib - I l i a  
complex. The interaction of adhesive proteins with G P  
l l b - l l l a  appears  to be mediated by an Arg-GIy- 
Asp(RGD)  recognition specificity [1,21; RGD-conta in-  
ing peptides inhibit binding of fibrinogen, fibronectin 
and  yon Willebrand factor to activated platelets with a 
concomitant  inhibition of  platele~ functions, mainly ag- 
gregation 13-5], 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-conta in ing  ligands, including fibrino- 
gen, induces the expression of a neoantigenic site on 
platelet surface [7], the clustering of platelet associated 
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inositol bipbosphate; IP~ inositol tripbonphate; GP, glycoprotein; 
eAI~,IP, adenosine 3',S'-monophosphate; BCA. bicinchoninic acid, 
BSA. bovine serum albumin: PGE I, prostaglandin E~; GRGDS, 
Gly-Arg-Gly-Asp-Ser; PK-C, protein kinase C. 
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G P  llb-.llla [8] and is necessary to mantain N a + / H  + 
exchange in epinephrine-stimulated platelets [91. Fur- 
thermore fibrinogen-receptor associates with cyto- 
skeleton components  during platelet aggregation [10] 
under  conditions where fibrinogen is secreted from 
platelcts and bound to their surface. Moreover several 
observations indicate that G P  l ib - I l i a  is implicated in 
Ca 2+ movements: Brass et al. demonstrated that this 
membrane component  represents a high-affinity bind- 
ing site for Ca 2~ on platelet surface [11] and that it is 
involved in mantaining Ca 2~ homeostasis in unstimu- 
lated platelets [12]. This result is confirmed by the 
evidence that purified G P  llb.-llla incorporated onto  
the surface of liposomes displays Ca-" + channel proper-  
ties when its Ca-'+-dependent integrity is mantained 
[13]. Also ;.he cytoplasmic Ca -'+ movement in activated 
platelets is significantly modified in the presence of 
specific ligands for G P  l lb - l l l a  complex. Powling and 
Hardist ' ,  [14] hypothesize that the G P  l lb - l l l a  complex 
is closely adjacent to a Ca -'+ channel responsible for 
Ca-"  influx during pl~telet activation, meanwhile 
Yamaguchi  et al. [15] demonstrated that this membrane 
component  is directly involved in this process. Both 
these authors observed a decrease of Ca 2+ influx in 
activated platelets in the presence of ant i -GP l ib - I l i a  
monoclonal ant ibody or RGD-conta in ing  peptides. Re- 
cently we confirmed these observations, and moreover 
we observed that fibrinogen, the main G P  l lb - l l l a  
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ligand, displays an inhibitory effect on Ca 2+ movement 
and cytoskeleton reorganization caused by mild platelet 
stimulation [16]. These findings led us to investigate the 
effect of GP l ib - i l i a  ligands on agonist-induced platelet 
responses, with particular 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- 
lipase C-catelyzed hydrolysis of membrane inositol 
phospholipids 'and production of inositol triphosphate 
(i1~) and diaeylglycerol (DAG), whereas the other is 
related to the formation of cyclic adenosine 3',5'-mono- 
phosphate (cAMP) 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 demonstrate that the occupancy of the major ad- 
hesive protein receptor on the platelet surface mod- 
ulates the phosphatidyl-inositol cycle affecting the 
amount of IP 3, IP 2 and IP produced after mild platelet 
activation as well as the pattern of protein phosphoryla- 
tlon. Moreover the presence of both the GP l ib - I l i a  
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 
Scpharose 2B was from Pharmacia; BCA was ob- 

tained from Pierce; Na12Sl, myo-[2-3H]inositol (13.8 
Ci /mmol )  and carrier-free [32p]orthophosphate came 
from Amersham International. Bovine serum albumin 
(BSA), human thrombin, apyrase and PGE~ were 
purchased from Sigma. GRGDS peptide was from 
Novabiochem. 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 Mannheim. 
All other chemicals, obtained from various sources, 
were of analytical grade. 

Preparation of platelet-rich plasma 
Blood was obtained by clean venipuncture of healthy 

volunteers who denied having taken any drugs during 
the previous two weeks. The blood samples were anti- 
coagulated with ACE, (acid citrate-dextrose). Platelet- 
rich plasma was prepared by centrifugation at room 
temperature fc, r 15 min at 120 x g. 

GP IIb-lIla ligands used 
in all the reported experiments fibrinogen was used 

at a concentration near the physiological level (0.4 or 
1.2 g/I) .  The GRGDS concentration (400 p,M) 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 
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-labelling 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 precipitated in 10% trichloroacetic 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 p.M pentapeptide in the medium, essentially as 
previously described [19]. 

Measurement of [ SH] inositol phosphates 
PRP obtained from 60-80 ml of blood was centri- 

fuged at 800 × g for 15 rain to yield a platelet-rich 
pellet. The pellet was then resuspended in 2 ml of 
modified Hepes-Tyrode buffer, pH 7.4 (10 mM Hepes, 
137 mM NaCI, 2.9 mM KCI, 12 mM NaHCO3) (buffer 
A) containing 0.5% BSA, 5 mM glucose, apyrase (40 
mg/ I  final concentration) and 1 #M PGE 1. For label- 
ling, the platelet suspension was incubated with myo-[2- 
3H]inositol (0.125 mCi /ml )  for 3 h at 37°C.  Free 
myo-[2-3 H]inositol was removed gel filtering the platelet 
suspension on Sepharose 2B and eluting with buffer A, 
containing 5 mM glucose. In some experiments myo-[2- 
3H]inositol-labelled platelets were diluted to 10 ml with 
the same buffer and pelleted centrifuging at 800 × g for 
15 min. The final platelet concentration was adjusted to 
109 cel ls /ml  with buffer A containing 5 lnM glucose. 
Platelet suspension was rendered 1 mM CaCI 2 and 10 
mM LiCI and incubated for 15 min at 37°C.  Aliquots 
of 0.5 ml, eventually mixed with fibrinogen (1.2 g / I  
final concentration) or pentapeptide (400/tM final con- 
centration) were prewarmed at 37°C  for 3 min, then 



activated with 0.1-0.5 U / m l  of thrombin. After a time 
ranging from 15 to 60 s the reaction was stopped by 
addit ion of 1.88 ml of c h l o r o f o r m / m e t h a n o l / H C I  
(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 × g 
for 10 min. 2 ml of the upper  phase containing water- 
soluble inositol phosphates were neutralized with 2 M 
C H 3 C O O N H  4 and chromatographyed on 1 ml of AG 
I-X8 anion exchange-resin as described by Watson et 
al. [22]. Briefly, [3H]inositol and [3H]glycerophos- 
phorylinositol were eluted with 16 ml of 60 mM am- 
monium formate, 5 mM disodium u:traborate; IP with 
16 ml of 200 mM ammonium formate, 100 mM formic 
acid; I1)2 with 16 ml of 400 mM ammonium formate. 
100 mM formic acid', IP~ wtth 12 ml of 1 M ammoaium 
formate, 100 mM formic acid. Radioactivity in portions 
(8 ml) of each fraction was determined by scintillation 
count ing in the gel phase using lnsta-Ge! as scintillation 
fluid. Results were corrected for all loss factors. 

Evaluation of agonist induced protein phosphorylation 
Protein phosphorylat ion in response to stimulation 

of platelets by thrombin was measured as 3Zp incor- 
porat ion into proteins after labelling of the platelet 
metabolic phosphate  pool with carrier-free [32P]ortho- 
phosphate.  

ACD-ant icoagulated PRP obtained from 40-50  ml 
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 platelets (2 -109  
eel ls /ml)  were incubated with 32PO 4 (0.1 mCi /ml )  for 
90 min at 37°C ,  then platelets were again gel filtered 
using buffer A without BSA. Samples containing 2 . 1 0 9  
ce l l s /ml  were prewarmed at 370C,  eventually in the 
presence of G P  l ib - I l i a  l igands O.~- g / I  fibrinogen or 
400 /tM G R G D S ,  final concentrations). Experiments 
were started adding 0.1--0.5 U / m l  thrombin. At times 
ranging from 15 s to 60 s aliquots were drawn from the 
reaction mixture, transferred to vials containing 0.2 vol. 
of  12% SDS, and boiled for 10 min. For determination 
of zero-time protein phosphorylat ion,  a sample was 
processed before the addit ion of thrombin. The proteins 
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 cA MP concentration 
PRP obtained from 20-30  ml of  blood was gel-filtered 
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as described above, using buffer A, 0.5% BSA as eluent. 
Platelet count was adjusted to 10S/ml and rendered 1 
mM CaCI 2. Samples containing 0.5 - l0  s cells were equi- 
librated at 37°C.  eventually in the presence of fibrino- 
gen (0.4 g / I )  or 400 /~M pentapeptide and activated 
with 0.1 U / m l  thrombin for 30 s. The reaction was 
stopped adding theophilline (10 mM final concentra-  
tion) and cooling samples in an ice-bath. Cells were 
disrupted by sonication. The proteins were precipitated 
adding 2 vol. of ice-cold ethanol, then pelleted 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 concentrat ion was de- 
termined with a radioimmunoassay using cyclic adeno- 
sine 3',5"-mono phosphoric acid 2'-O-succinyl-3-[1251] - 
iodotyrosine methyl ester as tracer. 

Results 

Effect of GP lib-Ilia ligandv on I'~l-thromhin h#:ding to 
human platclcts 

In order to verify that platel,~t-thrombin interaction 
was not quantitatively modifie, I in the presence of G P  
i lb-II ia  ligands, we measured the amount  of tz5 I-labelled 
thrombin bound tt~ gel filtered ;~latelets in the presence 
of 400 ~tM G R G D S  peptide cr  fibrinogen (0.4 g/I) .  
Experiments were performed adding the ligands to 150 
#1 of platelet suspension 1 min before 0.005 U of 
labelled enzyme. In these experimcn:al 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  
platelets was not decreased by the presence of G R G D S  
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 inosi,~ol phos- 
phates in [3H]inositol-labelled platelets. The increase in 
li~ was much smaller than the increment in IP and  IP 2, 
as previously reported by Watson et al. [22]. The forma- 
tion of IP, IP 2 and  Ipa was time related; mumover,  
whereas no significant difference in the product ion of 
IP and IP2 was observed treating platelets with 0.1 or  
0.5 U / m l  thrombin, the Ip~ product ion appeared to be 
related to the dose of agonist used (Fig. 1). Platelets 
activated with thrombin (0.1 U / m l )  in the presence of 
400 .aM G R G D S  peptide or fibrinogen (1.2 g / I )  showed 
a lowered production of inositol phosphates,  mostly 
after 15 s of incubation (Fig. 2). Fibrinogen was a more 
effective inhibitor of inositol-phosphate product ion than 
pentapeptide, the effect of which appeared to be coun-  
teracted within 30 s from platelet activation. When 
higher doses of thrombin (0.5 U / m l )  were used. the 
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Fig. 1. Time course of inositol phosphate formation induced by 
different doses of thrombin. [~H]lnositol-labelled platelets were in- 
cubated with O.l U/ml (e) or 0.5 U/ml (11) thrombin for various 
times. Each point represents the mean+ S.D. of duplicate determina- 

tions obtained in four different experiments. 

inositol phosphates  product ion  was not modi f ied  by the 
presence of  both the l igands (data  not  shown).  

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

Pre l iminary  t ime-course  exper iments  revealed that  in 
our  exper imenta l  condi t ions  20-kDa  and  4 0 - k D a  pro-  
tein were phosphory la ted  wi th in  15 s f rom the  the 
addi t ion  of  the agonist  The  amoat~t of  32p incorpora ted  
in bo th  these prote ins  increased up to 60 s, moreover  a 
dependence  f rom the agonis t  concent ra t ion  was ob-  
served t reat ing platelets  with th rombin  r ang ing  f rom 0.1 
U / m l  to 0.5 U / m l .  The  effect  o f  G R G D S  pen tapep t ide  
on 20-kDa  and  40 -kDa  prote in  phosphory la t ion  was  

evaluated under  the same  exper imenta l  condit ions.  Both 
the G P  l l b - I I i a  l igands  used affected prote in  phospho-  
rylat ion induced by  the agonis t  (Fig.  3). F ibr inogen  
inhib;i.ed a:. the s a m e  extent  the phosphory la t ion  of  
20 -kDa  and 40 -kDa  proteins,  and  it d isplayed ,~ s imi lar  
effect  at  any th rombin  concent ra t ion  used to act ivate  
platelets. G R G D S  pentapept ide  appeared  to be a less 

effect ive inhibi tor  of  the phosphory la t ion  of  20 -kDa  
and  4 0 - k D a  prote ins  induced by  thrombin ;  anyway,  its 
effect  on prote in  phosphory la t ion  was  statist ically sig- 
nif icant  for all the doses  of  the enzyme  used to act ive 
platelets. 

Effect of  GP l ib - I l ia  ligands on platelet cAMP levels 
Fibr inogen  and  G R G D S  pep t ide  added  to rest ing,  

gel-fi l tered platelets, d id  no t  show any  effect  on  the 
cy toplasmic  c A M P  level. U n d e r  ou r  exper imenta l  con-  
di t ions  the ac t iva t ion  of  platelets  wi th  th rombin  (0.1 

U / m l )  resulted in a more  than  50% decrea~;e of  c A M P  
content .  Addi t ion  o f  f ibr inogen or  G R G D S  to platelets  
before  ac t iva t ion  p r o m o t e d  a m a r k e d  increase  in c A M P  
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Fig,  2. Ef fects of GP l ib-I l ia ligands on inositol phosphates produc- 
tion induced by thrombln. {3Hllnositol-labelled platelets were 
activated with 0.1 U/m] thrombin in the presence of L2 g / l  fibrino- 
gen (11) or 400 uM ."3RGDS (&). Results are expressed as % with 
respect to the control. Dotted areas are cepresentative of the range of 
inositol phosphates produced in the absence of GP lib-IDa ligands. 
Each point represents the mean+S.D, of duplicate determinations 
obtained in four different experiments. The significance (determined 
by the t-test) of the differences between the results obtained in the 
presence of fibrinogen or GRGDS and those obtained in th©ir 
absence is also reported. ( = ), P < 0.05; (**),  P < 0.0t; n.s, not 

significant. 



40 RD~ 

i:i / 

20kDa 

=,,2s 

5 
t ime tsecl 

Fig. 3. Time course o[ 40 kDa and 20 kDa protein phosphorylation 
induced by different thrombin concentrations. JzP-lab¢lled platelets 
were activated with 0.l, O.3 or O.5 U/rot thrombin for various times in 
the presence of 1.2 g/ l  fibrinogen (11) or 400 ixM GRGDS (A) and in 
their absence (o). Result are expressed as ~ phosphorylation increase 
with respect to the basal levels. Each point represents the mean 4- S,D. 
of duplicate determinations obtained in four different experiments. 
The significance (determined by the t-tes¢) of the differences between 
the results obtained in the absence and in the p~esence of GI" lib-Ilia 
ligands is also reported. (*), P<0.05; (**), P<0.005; n.s., not 

significant. 

levels o f  act ivated platelets  (Table  1). S imi lar  results 
were  ob ta ined  when 10 IxM A D P  was used as  platelet 

ac t iva to r  (da ta  not  shown).  

TABLE I 

cAMP concentrations after thrombin activation of plutelets in the pres- 
ence and in the absence of GP lib-Ilia ligand~ 

Concentrations used: thrombin, 0.l U/ml: fibrinogen, 0.4 &q; 
GRGDS. 400 /~M. The significance (determined by t-test) of the 
differences between the results obtained in activated platelets in the 
presence and in the absence of GP lib-Ilia ligands is also reported. 

Piatelet treatment cAMP (pmol/10 ~ cells) 

None 3.764- 0.22 
Thrombin 1.554- 0.05 
Thrombin + fibrinogen 2.25 4- 0.28 P < 0.00l 
Thrombin + G RG DS 1.95 + 0.22 P < 0.00l 

229 

Discussion 

The  G P  l l b - l I l a  complex  beyond any  doubt  is the 
platelet m e m b r a n e  componen t  that has  been more  de- 
eply invest igated both in its s tructural  character is t ics  
and  functional roles. Its fundamenta l  involvement  in 
platelet aggrega t ion  as f ibr inogen b ind ing  site has  been 
invest igated and  character ized,  as well as its abili ty to 
bind other  adhesive  glycoprote ins  like van  Wil lebrand 
factor,  f ihronect in and vi t ronect in [24]. Moreover  a 
number  of  evidence~ :~uggc:,t ;.flat l i b - I l i a  g iycoprote ins  

play a role in the mechan i sm of  signal t ransduct ion" 
they are implicated in Ca  2 ~ flux across  the m e m b r a n e  
[121 which is modif ied,  together  with the complex struc- 
ture and  dis t r ibut ion on the platelet  surface,  by the 
b ind ing  of specific agonis ts  [14,15]. 

We  have recently demons t r a t ed  that d i f ferent  G P  
l l l b - l l l a  l igands,  most ly  f ibrinogen,  de t e rmine  a lowered 
cytoplasmic  Ca'-* m o v e m e n t  and  decrease  the a m o u n t  
of  prote ins  organized in the cytoskeleton of  h u m a n  
platelets act ivated by A D P  or  low doses  of  th rombin  

I161, 
In this paper  ~,e have invest igated the  effect  o f  G P  

l l b - I l l a  i igands on other  pa rame te r  o f  platelet ac t iva-  
tion like protein phosphoryla t ion ,  p roduct ion  of  inositol 
phosphates ,  and  c A M P  concent ra t ions .  Us ing  low doses 

of  fh rombin  as agcmist, in the presence of  physiological  
f ibr inogen concent ra t ions  or  G R G D S ,  an inhibi t ion of  
the events  character is t ic  of  platelet ac t ivat ion occurs.  
The  doubt  that could be raised is that the presence  of  
f ibr inogen in the incubat ion m e d i u m  might  subtract  
th rombin  f rom its b ind ing  equi l ibr ium with platelefs, 
with a concomi tan t  reduct ion of  the s t imulat ion.  How-  
ever, this does  not seem to be the case:  in fact s imi lar  

results were  ob t a ine J  us ing the  pen tapep t ide  G R G D S  
as G P  l i b - I l i a  l iga~d and  moreover  we had  previously 
demons t r a t ed  that  both th rombin  and  A D P  s t imula t ion  
were modula ted  by f ibr inogen with  respect to cyto- 
p lasmic  Ca  2 * m o v e m e n t  and  cytoskele ton organiza t ion  
and we have also evidence that  the c A M P  concent ra t ion  
is inf luenced qui te  similarly,  both  af ter  low th rombin  
and  A D P  activatic,n in the presence of  f ibr inogen or  
pentapept ide .  Fur thermore ,  it mus t  be  r emarked  that  
th rombin  b ind ing  ~o platelet  sur face  is not  decreased in 
the presence of  fLbrinogen, us ing  exper imenta l  condi-  
t ions in which no s ignif icant  platelet ac t ivat ion occurs,  
and therefore the increase of  f ibr inogen b ind ing  to the 
surface  is negligible.  Moreover  under  ou r  exper imenta l  
condi t ions  no evident  fo rmat ion  of  insoluble f ibrin oc- 

curred so that it can be excluded that  th rombin  is 
t rapped by the insoluble f ibrin network.  It is therefore  
unlikely that f ibr inogen act ion is an  expression of  a 
reduced avai labi l i ty  of  agonist .  T h e  in terpre ta t ion  of  
our  results  can be till now only speculat ive and  it is 
diff icult  to hypothesize which are  the m e c h a n i s m s  re- 
sponsible  for the evidences  repor ted here. The  decreased 
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product ion of the inositol phosphates and the lower 
phosphorylat ion of  40-kDa protein after low thrombin  
activation in the presence of f ibrinogcn and G R G D S  
could be ascribed to an inhibi t ion of phospholipase C 
that is responsible for the hydrolysis of phosphat i-  
dylinosit ides to yield D A G  and phosphoinosit ides,  i t  
has been reported that 40-kDa protein is the main 
substrate of  D A G  dependent  PK-C in platelets [25.26] 
and it is also well documented that  IP 3 acts on the 
mobil izat ion of Ca 2+ intracellular stores [27]. The  de- 
creased cytoplasmic Ca 2+ concentration, that  we have 

previously demonstrated,  could be responsible for the 

lower phosphorylat ion of  the 20-kDa protein that is 
considered to be Ca2+-calmodulin dependent  [28]. 

Concerning the lower decrease of  cAMP concentra- 
t ion following activation in the presence of G P  l i b - I l i a  
ligands, this could be the consequence of  a decreased 
activi ty of the cAMP-phosphodiesterase,  but  it cannot  

be excluded that a direct effect on adenylyl cyclase 
occurs. Anyway, cAMP is known to inhibi t  PK-C and 
also the product ion of  inositol phosphates  [22,29,30], 
and could be therefore the target of  the pr imary  effect 
of  f ibrinogen and G R G D S  binding,  or could cooperate 
in increasing this effect. 

Whatever  the sequence of  the events wh!ch follow the 
occupancy of  G P  l l b - l I I a  b ind ing  sites, our  results are 

indicative of  a new role for adhesive proteins and in 

part icular  for f ibrinogen in platelet  function. It is well 
known that these components  are responsible for the 
adhesion and aggregation of  activated platelets; besides 
this predominant  funct ion which is fully operat ive when 
a s t rong act ivat ion occurs, it can be supposed that  

adhesive proteins are able to protect platelets from low 

intensi ty and undesired activations.  The biochemical  

events responsible for these mechanisms are till now 
obscure, but represent evidence that  the G P  l i b - I l i a  
complex is involved in the signal t ransduct ion in human 

platelets. 

Acknowledgements 

This  work was supported by grants  from the 
Minis tero Pubblica ls truzione and CNR,  haly.  

References 

1 Lam, S.C.T., Plow, E.F., Smith, M.A.. Andieux, A., Ryckwaert. 
J.S., Marguerie, G. and Ginsberg. M.H. (1987) J. Biol. Chem. 262, 
947-950. 

2 D'Souza. S.E.. Ginsberg, M.M., Lain. S.C.T. and Plow. F. (19881J. 
Biol. Chem. 263. 3943-3951. 

3 Plow. E.F.. Pierschbacher, M.D.. Ruoslahti. E.. Marguerie. G.A. 
and Ginsberg. M.H. 0985) Prec. Natl. Acad. Sci. USA 82. 
8057-8061. 

4 Garmer, T.K. and Bennett. J.S. (19851 J. Biol. Chem. 260, 
11891-11894. 

5 Haverstick, D.M. Cowan, J.F.. Yamada, K.M. and Santoro. B.A. 
(19851 Blood 66. 946-952. 

6 Parise, L.V., Helgerson. S.L.. Steiner, B.. Nannizzi. L. and Phillips. 
D.R. (19871 J. Biol. Chem. 262, 12597-12602. 

7 Frelinger. A.L. III. Lain. S.C.T.. Plow. E.F.. Smith. M.A.. Loftus. 
J.C. and Ginsberg, M.H. (19881 J. Biol. Chem. 263,12397-12402. 

8 lsenberg, W.M., McEver, R,P, Phillips, D.R., Schuman, M A. and 
Bainton, D.F. (19871 J. Cell Biol. 104, 1655-1663. 

9 Banga, H.S.. Simons. E.R., Brass, L.F. and Riuenhouse, S.H. 
(1986) Pr0c. Natl. Acad. Sci. USA 83, 9197-9201. 

tO Phillips. D.R., Jennings, L.K. and Edwards, H.H. (19801 J. CeIL 
Biol. 86. 77-86. 

11 Brass, L.F. and Shattil. S.J. (19841J. Clin. Invest. 73. 626-632. 
12 Brass, L.F. (19851 J. Biol. Chem. 260, 2231-2236. 
13 Rybak. M.E., Renzulli, I..A.. Bruns, M.J. and Cahaly. D.P. (19881 

Blood. 72. 714-720. 
14 Powling, M.J. and Hardisty, R.M. (19851 Blood 66. 731-734. 
1." Yamaguchi. A.. Yamamoto. N.. Kitagawa. H.. Tanone. K. and 

Yamazaki, H. (1987) FEBS Lett. 255. 228-232. 
16 Sinigaglia, F., Bisio, A., Torti. M., nalduini, C.L., Bertolino. G.P. 

and Balduini. C. (19881 niochem. Biophys. Res. Commun. 154. 
258-264. 

17 Haslam, R..J. (19871 in Thrombosis and Haemostasis (Verstraete, 
M.. Vermylen, J.. Lijnen, R., Arnout, J., eds.), pp. 147-174, 
International Society on Thrombosis and Haemostasis and Leuven 
University Press, Leaven. 

18 Plow. E.F.. Piersehbaeher. M.D.. RuoslahtL E., Marguerie, G. and 
Ginsberg, M.H. (19871 Blood 70,110-115. 

19 Sinigaglia, F., Balduini. C.L., Bisio, A. and BalduinL C. (19851 Br. 
J. HaematoL 59. 587-592. 

20 Smith, P.K., Krohn. R.L. Hermanson. G.T, Mallia, A.K.. Garmer, 
F.H. Provenzano, M.D., Fujimoto. E.K, Goeke, N.M.. Olson, 
B.J. and Klenk, D.C. (19851 Anal. Biochem. 150, 76-85. 

21 Collen, D., Lijnen, H.R, De Cock, F., Durieux. J,P. and Loffet, A. 
(19801 Biochim. Biophys. Acta 165. 158-166. 

22 Watson, S.P.. McConnelL R.T. and Lapetina. E.G. (19841 J. Biol. 
Chem. 259,13199-13203. 

23 Laemmli. U.K. (19701 Nature (London) 227. 680-85. 
24 Phillips. D.R., Charo, I.F.. Paris¢, L.V. and Fitzgerald. L.A. (1988) 

Blood 71. 831-843. 
25 Kaibuchi, K.. Takai, Y., Sawamura. M.. Hosijima. M., Fuiikura, T. 

and Nishizuka, Y. (19831 J. Biol. Chem. 258, 6701-6704. 
26 leyasu. H., Takai. Y., Kaibuchi, I., Bawamura, M, and Nishizuka. 

Y. (1982) Biochem. Biophys. Chem. Commun. 108,1701-1708. 
27 Berridge, M.J. and lrvioc, R.F. (19841 Nature 312, 315-321. 
28 Daniel, J.L.. Purdon. A.D. and Molish. I.R. (19821 Fed. Proc. 41. 

1181. 
29 KrolL H.M., Zavoico, G.B. and Scahfer. A.I. (19881 Biochim. 

Biophys. Aeta 970, 61-67. 
30 lmai, A.. Hattori, H., Takahashi, M. and Nozawa. Y. (19831 

Biochem, Biophys. Res. Commun. 112. 693-700. 


