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When the cardiologists discovered
platelets and thrombosis

Coronary thrombosis is currently ac-
cepted as the factor which precipitates acute
myocardial infarction1. Until the advent of
angiography there were controversies over
the causal role of thrombosis. In the last 20
years, however, the successful use of throm-
bolytic therapy in acute ischemic syn-
dromes2,3 and the consistent positive results
shown by aspirin and other antiplatelet drugs4

convinced almost all cardiologists on the
critical role of coronary thrombosis in acute
ischemic syndromes and of platelet activa-
tion in the early phases of thrombus forma-
tion and growth. After plaque rupture, ex-
posed collagen from the vessel wall, in ad-
dition to other mediators, induces platelet ag-
gregation. Platelet-released substances, such
as adenosine diphosphate and thromboxane
A2, stimulate adjacent platelets, further en-
hancing the process of platelet activation.
Platelet membrane glycoproteins appear to
play a role in the events of platelet adherence
and aggregation and involve specific plasma
adhesive proteins, such as von Willebrand
factor and fibrinogen5,6.

Blood leukocytes present on stage

More recently blood leukocytes too have
been suggested to be involved in atheroge-
nesis, thrombus formation and their regula-
tion7. Epidemiological studies have shown
evidence of a significant association be-
tween leukocyte count and incidence of
coronary heart disease8,9. On one side mono-
cytes/macrophages express tissue factor

when stimulated by endotoxin or other in-
flammatory agents, thus contributing to
blood clotting initiation10, on the other side,
macrophages, T lymphocytes and mast cells,
infiltrating coronary lesions, may help to
bring about plaque instability7.

Additionally, polymorphonuclear (PMN)
leukocyte-released substances, such as
cathepsin G and elastase, may activate
platelets11,12 and degrade endothelial barri-
er function13. While these experimental da-
ta might suggest a no more unique role of
platelets as a “thrombogenic cell”, some re-
cent studies appear to place again platelets
in the pathophysiological center of thrombus
formation and growth.

A new thrombogenic role of platelets

Indeed, activated platelets not only fa-
cilitate further platelet accumulation and
fibrin deposition at the site of vascular injury
– as it was clearly established in the past –,
but may recruit PMN and mononuclear
leukocytes into actively forming throm-
bus14,15 by expressing P-selectin, a receptor
mediating platelet-leukocyte binding16-18

which has been shown to induce tissue fac-
tor in monocytes19. Moreover activated
platelets release chemokines, which may
undergo proteolytic cleavage to form neu-
trophil activating peptide-220,21. 

The interaction between platelets and
leukocytes is part of a larger chapter – that
of the role of inflammation in acute coronary
syndromes22 – to which Italian investiga-
tors have actively contributed23-26.

As already mentioned, platelets activat-
ed at the site of vascular damage may sub-
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stitute endothelial cells in recruitment and migration of
PMN leukocytes through damaged vessel wall27. Leuko-
cytes accumulated in a platelet thrombus can contribute
to further platelet activation and deposition. These
events on one hand may facilitate the maintenance of the
vascular and tissue integrity, on the other may play a
pathogenetic role in inflammatory and thrombotic dis-
ease28.

Circulating platelet-PMN complexes are formed by
activated PMN with marked adhesion molecule profile
and a great capacity for phagocytosis and toxic oxygen
metabolite production29. Platelet contribution to the in-
flammatory response of the vessel wall is not limited to
PMN activation, but also involves interaction with
mononuclear cells, e.g. platelet arachidonate metabolites
and P-selectin both stimulate tissue factor generation by
monocytes19. Activated platelets are also able to bind to
circulating lymphocytes and to mediate rolling in en-
dothelial venules through exposed P-selectin30. More re-
cently it has been shown that the administration of ac-
tivated platelets into the systemic circulation of L-se-
lectin-knock-out mice restores lymphocyte trafficking
to peripheral lymph nodes and reconstitutes T cell-me-
diated immunity in response to a cutaneous antigen31.
These data suggest that platelets may also play a pivotal
role in lymphocyte recruitment. 

A platelet machinery to catch flowing leukocytes

Several experimental studies indicate that platelets
either adherent to a surface, or activated in suspension
express a complete machinery to catch flowing leuko-
cytes28; it includes:
• P-selectin, a membrane glycoprotein stored in the α-
granules of platelets and exposed on the external surface
after cell activation, which is responsible for the first re-
versible contact between platelets and leukocytes16,17,31;
• one or more signaling molecules that are relevant for
the activation of Mac-1, a leukocyte β2 integrin27,31-33;
• the counter receptors of the β2 integrin on platelets33-35.

Interestingly enough, a platelet receptor for leuko-
cyte β2 integrin is fibrinogen, bound to activated platelets
through the exposed GP IIb/IIIa34-36. 

Based on experimental data, the hypothesis has been
made that P-selectin allows activated platelets to stim-
ulate tyrosine kinase-dependent adhesive properties of
Mac-1. The binding of activated platelets to PMN trig-
gers in the latter cells rapid tyrosine phosphorylation of
a protein of about 110 kD, provisionally called P11033,37.

New pharmacological avenues

These data may open new perspectives for preven-
tion of cardiovascular events after acute coronary syn-
dromes, in the same moment when a large clinical tri-
al such as the SYMPHONY study reported deceiving re-

sults on a new antiplatelet approach. Indeed, the fre-
quency of the primary endpoints (all-cause mortality, non-
fatal myocardial infarction, or severe recurrent ischemia)
in patients with acute coronary syndromes did not dif-
fer between aspirin and a new oral GP IIb/IIIa inhibitor
(sibrafiban)38.

Drugs interfering with platelet-leukocyte interac-
tion, thus blocking both platelet and leukocyte contri-
bution to thrombus formation, might prove to be clini-
cally effective more than drugs only affecting either
cell type39. Although platelet GP IIb/IIIa might be indi-
rectly involved in platelet-leukocyte interaction mediated
by fibrinogen, compounds directly inhibiting the func-
tion of P-selectin, β2 integrin or their respective counter-
receptors should be identified and developed for exper-
imental and clinical testing.

A recent study in patients undergoing coronary an-
gioplasty40 has demonstrated that, although abciximab
(an anti-GP IIb/IIIa chimeric monoclonal antibody)
treatment decreases the percentage of circulating leuko-
cyte-platelet aggregates, it promotes P-selectin-medi-
ated leukocyte-platelet interaction on a collagen-von
Willebrand factor surface. On the other hand platelet-
monocyte interaction decreased after abciximab treatment
in patients with acute myocardial infarction, mainly due
to a reduction in platelet mass attached to monocytes, as
it did not affect the percentage of monocytes with ad-
herent platelets41.

Following the original observation of Palabrica et
al.42 that platelet P-selectin-dependent leukocyte accu-
mulation in an experimental thrombosis model in the
baboon promotes fibrin deposition, it has been shown that
P-selectin blockade by specific monoclonal antibodies43

or with a soluble recombinant form of P-selectin glyco-
protein ligand-144 – the P-selectin receptor on leuko-
cytes – accelerates the pharmacological lysis of arterial
thrombi and prevents reocclusion in animal models. P-
selectin blockade also reduces PMN adhesion to platelets
at the site of a deep injury in the carotid artery of pigs45

and reduces cyclic occlusion in a canine model of re-
current arterial thrombosis46.

Compounds interfering with the intracellular sig-
naling mechanisms, including the control of P110 pro-
tein, might be of some pharmacological and therapeutic
relevance. In this context, it may be of interest to men-
tion that genistein, piceatannol and other relatively spe-
cific inhibitors of leukocyte tyrosine kinases have been
found in natural-derived nutrients or in wine47. And
wine is presently considered as a dietary means for pre-
venting ischemic heart disease48. Our group has also
shown that platelet-PMN adhesion and Mac-1 expression
in vitro is prevented by trans-resveratrol, a polypheno-
lic compound contained in red wine49.

Platelet-leukocyte interaction: 
pathophysiological relevance

The pathophysiological relevance of leukocytes de-
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posited on platelets activated within the circulating blood
and/or adhering at the site of vascular damage is still
largely unknown. However the presence of platelet-
PMN conjugates has been reported in peripheral blood
of patients with unstable angina50, suggesting that this
cell-cell interaction triggers PMN activation in this clin-
ical condition51, a finding originally reported by Mazzone
et al.24. On the other hand, Mickelson et al.52 found that
formation of platelet-PMN conjugates following coro-
nary angioplasty was a predictive index of acute reoc-
clusion. 

In patients with acute myocardial infarction increased
platelet-monocyte interaction and up-regulation of Mac-
1 on monocytes have recently been reported53.

The intriguing possibility is emerging that platelets
activated at the site of an unstable atherosclerotic plaque
are unable by themselves to produce a full vascular oc-
clusion, but might be the initial trigger of a localized
leukocyte-dependent inflammatory response.

Platelet-PMN interaction contributes to the increased
production of vasoactive metabolites, such as throm-
boxane A2 and leukotriene C4

54, may damage endothe-
lial cells and impair endothelium-dependent fibrinolyt-
ic response13.

Acute coronary syndromes are associated with in-
flammatory reactions, as indicated by the elevated lev-
els of circulating C-reactive protein25. In addition, high
fibrinogen levels and elevated leukocyte count are pre-
dictive of the risk of myocardial infarction9,55,56. Platelet-
PMN interaction as well as the consequent PMN acti-
vation may be an essential part of this inflammatory re-
sponse and might constitute a new parameter to predict
the risk and to monitor the severity of ischemic disease.

To ape Shakespeare, if the platelet is a “shrew”, its
taming appears still far to be fully achieved.

Acknowledgments

This work has been supported by the Italian Nation-
al Research Council (Convenzione CNR-Consorzio
Mario Negri Sud) and by the Ministero dell’Università
e della Ricerca Scientifica e Tecnologica (L623/96 -
D.M. 346 Ric/99).

References

01. Davies MJ. The contribution of thrombosis to the clinical ex-
pression of coronary atherosclerosis. Thromb Res 1996; 82:
1-32.

02. Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto
Miocardico (GISSI). Effectiveness of intravenous throm-
bolytic treatment in acute myocardial infarction. Lancet 1986;
1: 397-401.

03. ISIS-2 Collaborative Group. Randomised trial of intravenous
streptokinase, oral aspirin, both or neither among 17 189 cas-
es of suspected acute myocardial infarction. Lancet 1986; 2:
349-60.

04. Antiplatelet Trialists’ Collaboration. Collaborative overview

of randomised trials of antiplatelet therapy - I: Prevention of
death, myocardial infarction, and stroke by prolonged an-
tiplatelet therapy in various categories of patients. BMJ 1994;
308: 81-106.

05. Fuster V, Badimon L, Badimon J, Chesebro JH. The patho-
genesis of coronary artery disease and acute coronary syn-
dromes. N Engl J Med 1992; 326: 310-8.

06. de Gaetano G, Cerletti C, Gresele P. The pathogenesis of ar-
terial thrombosis. L’Ospedale Maggiore 1996; 90: 290-9.

07. Ross R. Atherosclerosis - an inflammatory disease. N Engl J
Med 1999; 340: 115-26.

08. Ernst E, Hammerschmidt DE, Bagge U, Matrai A, Dormandy
JA. Leukocytes and the risk of ischemic diseases. JAMA
1987; 257: 2318-24.

09. Danesh J, Collins R, Appleby P, Peto R. Association of fi-
brinogen, C-reactive protein, albumin, or leukocyte count
with coronary heart disease: meta-analyses of prospective
studies. JAMA 1998; 279: 1477-82.

10. Lorenzet R, Napoleone E, Celi A, Pellegrini G, Di Santo
AM. Cell-cell interaction and tissue factor expression. Blood
Coagul Fibrinolysis 1998; 9 (Suppl I): 549-59.

11. Chignard M, Selak MA, Smith JB. Direct evidence for the ex-
istence of a neutrophil-derived platelet activator (neutrophilin).
Proc Natl Acad Sci USA 1986; 83: 8609-13.

12. Evangelista V, Rajtar G, de Gaetano G, White JG, Cerletti C.
Platelet activation by fMLP-stimulated polymorphonuclear
leukocytes: the activity of cathepsin G is not prevented by an-
tiproteinases. Blood 1991; 77: 2379-88.

13. Pintucci P, Iacoviello L, Castelli MP, et al. Cathepsin G-induced
release of PAI-1 in the culture medium of endothelial cells:
a new thrombogenic role for polymorphonuclear leukocytes?
J Lab Clin Med 1993; 122: 69-79.

14. Kirchofer D, Rieder MA, Baumgartner HR. Specific accu-
mulation of circulating monocytes and polymorphonuclear
leukocytes on platelet thrombi in a vascular injury model.
Blood 1997; 89: 1270-8.

15. Hagberg IA, Rohald HE, Lyberg T. Adhesion of leukocytes
to growing arterial thrombi. Thromb Haemost 1998; 80: 852-
8.

16. Larsen E, Celi A, Gilbert GE, et al. PADGEM protein: a re-
ceptor that mediates the interaction of activated platelets with
neutrophils and monocytes. Cell 1989; 59: 305-12.

17. Hamburger SA, McEver RP. GMP-140 mediates adhesion of
stimulated platelets to neutrophils. Blood 1990; 75: 550-4.

18. Yang J, Furie BC, Furie B. The biology of P-selectin glyco-
protein ligand-1: its role as a selectin counterreceptor in
leukocyte-endothelial and leukocyte-platelet interaction.
Thromb Haemost 1999; 81: 1-7.

19. Celi A, Pellegrini G, Lorenzet R, et al. P-selectin induces the
expression of tissue factor on monocytes. Proc Natl Acad Sci
USA 1994; 91: 8767-71.

20. Car BD, Baggiolini M, Walz A. Formation of neutrophil-ac-
tivating peptide 2 from platelet-derived connective-tissue-
activating peptide III by different tissue proteinases. Biochem
J 1991; 275: 581-4.

21. Piccardoni P, Evangelista V, Piccoli A, de Gaetano G, Walz
A, Cerletti C. Thrombin-activated human platelets release
two NAP-2 variants that stimulate polymorphonuclear leuko-
cytes. Thromb Haemost 1996; 76: 780-5.

22. Entman ML, Ballantyne CM. Association of neutrophils with
platelet aggregates in unstable angina. Should we alter ther-
apy? (editorial) Circulation 1996; 94: 1206-8.

23. Neri Serneri GG, Abbate R, Gori AM, et al. Transient inter-
mittent lymphocyte activation is responsible for the instabil-
ity of angina. Circulation 1992; 86: 790-7.

24. Mazzone A, De Servi S, Ricevuti G, et al. Increased expres-
sion of neutrophil and monocyte adhesion molecules in un-
stable coronary artery disease. Circulation 1993; 88: 358-63.

25. Liuzzo G, Biasucci LM, Gallimore JR, et al. The prognostic
value of C-reactive protein and serum amyloid a protein in se-



Ital Heart J Vol 1 July 2000

vere unstable angina. N Engl J Med 1994; 331: 417-24.
26. Zito F, Di Castelnuovo A, Amore C, et al. Helicobacter py-

lori infection and beta-chain fibrinogen genotype: modula-
tion of fibrinogen plasma levels and risk of acute myocardial
infarction. Thromb Haemost 1999; 82: 14-8.

27. Diacovo TG, Roth SJ, Buccola JM, Bainton DF, Springer TA.
Neutrophil rolling, arrest, and transmigration across activat-
ed, surface-adherent platelets via sequential action of P-se-
lectin and the β2-integrin CD11b/CD18. Blood 1996; 88:
146-57.

28. Cerletti C, Evangelista V, de Gaetano G. P-Selectin-β2-inte-
grin cross-talk: a molecular mechanism for polymorphonu-
clear leukocyte recruitment at the site of vascular damage.
Thromb Haemost 1999; 82: 787-93.

29. Peters MJ, Dixon G, Kotowicz KT, Hatch DJ, Heyderman RS,
Klein NJ. Circulating platelet-neutrophil complexes represent
a subpopulation of activated neutrophils primed for adhesion,
phagocytosis and intracellular killing. Br J Haematol 1999;
106: 391-9.

30. Diacovo TG, Puri KD, Warnock RA, Springer TA, von An-
drian UH. Platelet-mediated lymphocyte delivery to high
endothelial venules. Science 1996; 273: 252-5.

31. Diacovo TG, Catalina MD, Siegelman MH, von Andrian
UH. Circulating activated platelets reconstitute lymphocyte
homing and immunity in L-selectin-deficient mice. J Exp Med
1998; 187: 197-204.

32. Yeo EL, Sheppard JA, Feuerstein IA. Role of P-selectin and
leukocyte activation in polymorphonuclear cell adhesion to
surface adherent activated platelets under physiologic shear
conditions (an injury vessel wall model). Blood 1994; 83:
2498-507.

33. Evangelista V, Manarini S, Rotondo S, et al. Platelet/poly-
morphonuclear leukocyte interaction in dynamic conditions:
evidence of adhesion cascade and cross talk between P-se-
lectin and the β2 integrin CD11b/CD18. Blood 1996; 88:
4183-94.

34. Weber C, Springer TA. Neutrophil accumulation on activat-
ed, surface-adherent platelets in flow is mediated by interaction
of Mac-1 with fibrinogen bound to aIIbb3 and stimulated by
platelet-activating factor. J Clin Invest 1997; 100: 2085-93.

35. Spangenberg P, Redlich H, Bergmann I, Lösche W, Götzrath
M, Kehrel B. The platelet glycoprotein IIb/IIIa complex is in-
volved in the adhesion of activated platelets to leukocytes.
Thromb Haemost 1993; 70: 514-21.

36. Altieri DC, Plescia J, Plow EF. The structural motif glycine
190-valine 202 of the fibrinogen γ chain interacts with
CD11b/CD18 integrin (αMβ2, Mac-1) and promotes leukocyte
adhesion. J Biol Chem 1993; 268: 1847-53.

37. Evangelista V, Manarini S, Sideri R, et al. Platelet/polymor-
phonuclear leukocyte interaction: P-selectin triggers pro-
tein-tyrosine phosphorylation-dependent CD11b/CD18 ad-
hesion: role of PSGL-1 as a signaling molecule. Blood 1999;
93: 876-85.

38. The SYMPHONY Investigators. Comparison of sibrafiban
with aspirin for prevention of cardiovascular events after
acute coronary syndromes: a randomised trial. Lancet 2000;
355: 337-45.

39. Coller BS. Binding of abciximab to alpha V beta 3 and ac-
tivated alpha M beta 2 receptors: with a review of platelet-
leukocyte interactions. Thromb Haemost 1999; 82: 326-36. 

40. Fredrickson BJ, Turner NA, Kleiman NS, et al. Effects of ab-
ciximab, ticlopidine, and combined abciximab/ticlopidine
therapy on platelet and leukocyte function in patients un-

dergoing coronary angioplasty. Circulation 2000; 101: 1122-
9.

41. Neumann FJ, Zohlnhofer D, Fakhoury L, Ott I, Gawaz M,
Schömig A. Effect of glycoprotein IIb/IIIa receptor blockade
on platelet-leukocyte interaction and surface expression of the
leukocyte integrin Mac-1 in acute myocardial infarction. J Am
Coll Cardiol 1999; 34: 1420-6.

42. Palabrica T, Lobb R, Furie BC. Leukocyte accumulation
promoting fibrin deposition is mediated in vivo by P-se-
lectin on adherent platelets. Nature 1992; 359: 848-51.

43. Toombs CF, Degraaf GL, Martin JP, Geng JG, Anderson
DC, Shebuski RJ. Pretreatment with a blocking monoclon-
al antibody to P-selectin accelerates pharmacological throm-
bolysis in a primate model of arterial thrombosis. J Pharma-
col Exp Ther 1995; 275: 941-9.

44. Kumar A, Villani MP, Patel UK, Keith JC, Shaub RG. Re-
combinant soluble form of PSGL-1 accelerates thromboly-
sis and prevents reocclusion in a porcine model. Circulation
1999; 99: 1363-8.

45. Merhi Y, Provost P, Chauvet P, Theoret JF, Phillips ML, La-
tour JG. Selectin blockade reduces neutrophil interaction
with platelets at the site of deep arterial injury by angio-
plasty in pigs. Arterioscler Thromb Vasc Biol 1999; 19: 372-
9.

46. Ueyama T, Ikeda H, Haramaki N, Kuwano K, Imaizumi T.
Effects of monoclonal antibody to P-selectin and analogue of
sialyl lewis X on cyclic flow variations in stenosed and en-
dothelium-injured canine coronary arteries. Circulation 1997;
95: 1554-9.

47. Rotondo S, de Gaetano G. Protection from cardiovascular dis-
ease by wine and its derived products: epidemiological evi-
dence and biological mechanisms. In: Simopoulos AP, Visioli
F, eds. Mediterranean diets. World Review of Nutrition and
Dietetics. Basel: Karger, 2000; 87: 90-113. 

48. Renaud S, de Lorgeril M. Wine, alcohol, platelets, and the
French paradox for coronary heart disease. Lancet 1992;
339: 1523-6.

49. Rotondo S, Rajtar G, Manarini S, et al. Effect of trans-resver-
atrol, a natural polyphenolic compound, on human poly-
morphonuclear leukocyte function. Br J Pharmacol 1998; 123:
1691-9. 

50. Ott I, Neumann F-J, Gawaz M, Schmitt M, Schömig AS. In-
creased neutrophil-platelet adhesion in patients with unsta-
ble angina. Circulation 1996; 94: 1239-46.

51. Mehta J, Dinerman J, Mehta P. Neutrophil function in is-
chemic heart disease. Circulation 1989; 79: 549-56.

52. Mickelson JK, Lakkis NM, Villarreal-Levy G, Hughes BJ,
Smith CW. Leukocyte activation with platelet adhesion af-
ter coronary angioplasty: a mechanism for recurrent dis-
ease? J Am Coll Cardiol 1996; 28: 345-53.

53. May AE, Neumann FJ, Gawaz M, Ott I, Walter H, Schömig
A. Reduction of monocyte-platelet interaction and monocyte
activation in patients receiving antiplatelet therapy after
coronary stent implantation. Eur Heart J 1997; 18: 1913-20.

54. Maugeri N, Evangelista V, Celardo A, et al. Polymorphonu-
clear leukocyte-platelet interaction: role of P-selectin in
thromboxane B2 and leukotriene C4 cooperative synthesis.
Thromb Haemost 1994; 72: 450-6.

55. Ernst E, Koenig W. Fibrinogen and cardiovascular risk. Vasc
Med 1997; 2: 115-25. 

56. Maresca G, Di Blasio A, Marchioli R, Di Minno G. Measuring
plasma fibrinogen to predict stroke and myocardial infarction:
an update. Arterioscler Thromb Vasc Biol 1999; 19: 1368-77.

456


