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1. ABSTRACT

As a result of vascular injury, activated platelets
will rapidly interact with circulating platelets, via
membrane glycoprotein complex alphallbbeta3 (GPIIb-
Illa) and fibrinogen, to form a thrombus or a plug
preventing fatal bleeding. In addition, platelets interacting
with ruptured atherosclerotic plaques or with the surface of
diseased vessels can aggregate and induce ischemia that
prevents blood flow. However, increasing evidence has
also shown that circulating platelets interact with
leukocytes and endothelial cells, via specific adhesion
molecules, in inflammation, vascular remodelling and
thrombosis. The aim of this chapter is to present the
importance of cell-cell interactions involving platelets and
leukocytes in events related to inflammation, coagulation,
vascular remodelling and thrombosis. A key adhesion
molecule implicated in platelet interaction with leukocytes
is P-selectin, also known as CD62P. It is present on
activated platelets and endothelial cells, and its counterpart
on leukocytes is known as P-selectin glycoprotein ligand-1
(PSGL-1). A critical co-factor leading to leukocyte
activation in platelet-monocyte aggregate formation is the
presence of a chemokine known as RANTES. It acts in
concert with platelet P-selectin and PSGL-1 in monocyte
stimulation.
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2. ADHESION MOLECULES

Activated degranulated platelets not only interact
with platelets (homotypic cell-cell interactions) but also
with  circulating  leukocytes  (heterotypic  cell-cell
interactions). Adhesion molecules implicated in homotypic
interactions are dependent on alphallbbeta3 (GPIIb-IIla)
glycoprotein complex and ligands such as fibrinogen. In
contract, homotypic interactions are initially mediated by
P-selectin (CD62P) expressed by activated platelets and its
ligand PSGL-1 present on circulating leukocytes. At a later
stage alphallbbeta3and fibrinogen will serve as a link
between activated platelets and leukocytes via activated
leukocyte CDI11b/CD18 (Mac-1). Such CDI11b/CDI18
activation and up-regulation is mediated by the docking of
P-selectin to its ligand PSGL-1 (1, 2). P-selectin, a member
of the selectin family and adhesion molecules, is present in
the 1-granules of resting platelets and expressed on the
surface of activated platelets. Other selectin family
members are E-selectin and L-selectin. This adhesion
molecule is composed of an N-terminal lectin-like domain
that is calcium-dependent, an epidermal like-growth factor
domain and a series of complement-like repeats domain
with a cytoplasmic tail (3). It is of interest to note that P-
selectin has also been identified in a soluble form where the
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Figure 1. Activated platelet-monocyte aggregate. (1A) Activated platelets interact with monocytes via P-selectin and PSGL-1
(expressed on the surface of circulating monocytes). RANTES, released by platelets, is vital for monocytes activation and cell-
cell aggregate formation.(1B) Platelet-monocyte aggregates can be further cemented, at a second stage, by other adhesion
molecules such as alphallbbeta3 (GPIIb-IIla) on platelets and CD11b-CD18 on monocytes and a ligand such as fibrinogen.
Activated monocytes in platelet-monocyte aggregates will express or release MCP-1, Tissue factor, MIP-1b, IL-1b, IL-8, MMP-9

and PAF.

cytoplasmic tail is absent(4, 5). The role of this soluble
form of P-selectin remains to be identified.

3. CHEMOKINES

Stimulated platelets express a higher density of
P-selectin on their surface for several hours compared to
endothelial cells(6,7). As a result, activated platelet can
interact with leukocytes at sites of inflammation and
thrombosis for prolonged periods of time. During the
process of inflammation, stimulated platelets will express
P-selectin and release RANTES (a CC chemokine first
detected in T lymphocytes ) also known as CCL5 (9).
RANTES is found in large amounts in the supernatants
from activated platelets, it is a chemoattractant for
monocytes and its receptor is expressed on monocytic cells
(10, 11, 12). RANTES in concert with platelet P-selectin
can induce monocyte chemotactic protein-1 (MCP-1) and
IL-8 secretion by monocytes. However, binding of P-
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selectin to PSGL-1 on monocytes will not induce secretion
of monocyte chemokines without RANTES. It has been
shown that released RANTES will induce signaling and
secretion of monocytes as soon as P-selectin binds to these
cells. Platelets can also donate RANTES to endothelial
cells for monocyte activation (13). RANTES can be
deposited on endothelial cells by a transient adhesion
between platelets, their P-selectin and endothelial cells.
Thus, RANTES plays a key role in inducing chemokine
secretion by monocytes in inflammatory lesions in vivo.
Moreover, it has been shown that patients with
inflammatory bowel disease have an exaggerated platelet
activity with increased levels of P-selectin and RANTES
(14). In these patients, aspirin medication was found
beneficial in lowering their plasma RANTES. Furthermore,
RANTES was also found increased in serum and urine of
human renal allograft recipients in the early post-
transplantation period. This increase of RANTES reflected
an early activated immune system (15) (Figure 1 A).
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4. INFLAMMATION

P-selectin expressed by activated endothelial
cells has been shown to be implicated in the rolling of
leukocytes at sites of inflammation. Moreover, the same
molecule present on activated platelets also mediates the
interactions with leukocytes. Indeed, platelet-leukocyte
aggregates appear to play a critical role in inflammation
present in vascular diseases (16). In baboons, infused,
degranulated, labeled platelets have shown to very rapidly
form aggregates with monocytes and neutrophils. Such
platelet-monocyte aggregates persist in circulation for a
substantial period of time and may potentially induce
vascular remodelling. Indeed. Sarma J et al suggest that
such circulating monocytes binding to activated platelets
may potentially have a proatherogenic phenotype (17).
Indeed, leukocytes binding to activated platelets have
shown increased levels of proinflammatory mediators such
as IL-1 beta, IL-8, MCP-1, macrophage inflammatory
protein-18 (MIP-18) and matrix metalloproteinases (18).
Moreover, activated platelets, via P-selectin, will induce
monocytes to express tissue factor , enhance phagocytosis,
generate superoxide anion and release PAF (19, 20).
Moreover, platelet P-selectin  with RANTES can
significantly increase cytokine levels in monocytes (21)
(Figure 1B).

5. PLATELET-LEUKOCYTE AGGREGATES IN
PATIENTS

A high number of platelet-monocyte aggregates
were observed in patients following percutaneous coronary
intervention or in acute myocardial infarction (22). Platelet-
monocyte aggregates are significantly increased in smokers
compared to non-smokers (23). Furthermore, increased
platelet-monocyte aggregates are also observed in patients
with end-stage renal failure, patients with enhanced risk of
cardiovascular diseases, such as unstable angina |,
myocardial infarction or following angioplasty (24, 25, 26).
Patients with unstable angina, when compared to patients
with stable angina, show a number of markers of
inflammation, such as C-reactive protein, P-selectin,
Interleukin 6, tumour necrosis factor-alpha, soluble
intracellular adhesion molecule-1, as well as platelet-
monocyte aggregates (27).

6. THERAPEUTIC TREATMENT TO INHIBIT
PLATELET-MONOCYTE AGGREGATES

A number of therapeutic molecules
have been used to investigate the inhibition of platelet-
monocyte aggregates as they have a potential role in
inflammation, vascular remodeling and thrombosis.
Clopidogrel has been shown to significantly reduce ex-vivo
formation of such aggregates, inhibit P-selectin expression
on activated platelets via a thrombin receptor activating
peptide or ADP. In contrast, abciximab (a platelet
glycoprotein alphallbbeta3antagonist) did not significantly
reduce the formation of platelet-monocyte aggregates (28).
However, in vitro platelet-monocyte aggregates formation
was inhibited by blocking alphallbbeta3 or P-selectin via
specific antagonists (29). Clopidogrel, but not aspirin, was

832

observed in patients with atherosclerotic diseases to greatly
reduce platelet-monocyte aggregates and P-selectin
expression (30). In a very recent publication, Weyrich AS
et al have investigated the mechanisms by which
Dipyridamole inhibits inflammatory gene expression in
platelet-monocyte aggregates (31). They show that
Dipyridamole, but not aspirin, blocked the transcription of
MCP-1 in monocytes aggregated to thrombin-activated
platelets. Moreover, it delayed maximal synthesis of IL-8
and regulated matrix metalloproteinase-9 (MMP-9)
formation.

7. CIRCULATING
PATIENTS

MICROPARTICLES IN

Debris of cellular membrane, or membrane
vesicles, is released by cells in an apoptotic state or
alternatively when cells are activated as observed in blood
platelets. Circulating microparticles can be a relatively
good marker of programmed cell death, under in vitro or in
vivo conditions, following HIV infection (32). These
microparticles may originate from platelets, endothelial
cells, monocytes, erythrocytes, lymphocytes and other cells
present in circulation or lining the vessel wall
Microparticles express negatively charged phospholipids
(aminophospholipid PS), and may also express tissue factor
if derived from cells such as monocytes and participate in
the generation of fibrin in coagulation. Indeed, these
microparticles act a platform that supports the generation of
activated clotting enzymes. However, thrombogenicity of
microparticles is directly associated with the presence of
their tissue factor (33). Increased levels of circulating
microparticles are associated with quite a large number of
diseases implicating vascular, inflammatory and/or
coagulation  problems (34). Patients undergoing
cardiopulmonary bypass or suffering from rheumatoid
arthritis, preeclampsia or multiple organs dysfunction
syndrome and sepsis have circulating microparticles that
are highly procoagulant (35, 36, 37, 38). Microparticles
coagulant activity did not differ between patients with
stable angina compared to non coronary patients. However,
the number of these procoagulant particles, originating
from endothelial cells, was significantly increased in
patients with acute coronary syndrome patients compared
to other coronary or noncoronary patients (39). The number
and coagulability of circulating microparticles in type 1
diabetic patients was observed to be higher than in type 2
diabetic patients. In these patients, increased number of
microparticles (originating from platelets and endothelial
cells) with enhanced coagulability appears to be implicated
in vascular complications (40) (Figure 2A-B).

8. MICROPARTICLES AND FIBRIN FORMATION

Inhibition of P-selectin access to a Dacron graft
implanted within an arteriovenous shunt, by antibodies, has
prevented the accumulation of fibrin and the adhesion of
leukocytes. These first results strongly suggested that P-
selectin was not only linked to leukocyte adhesion but also
to fibrin deposition (41). This association of P-selectin and
fibrin is further confirmed with results showing that
deficiency of P-selectin in mice, amputated at the tip of
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Figure 2. Platelet and monocyte derived microparticles interacting to promote fibrin generation in the coagulation cascade. A:
Microparticles derived from monocytes and bearing PSGL-1 and tissue factor will bind to microparticles derived from platelets
or endothelial cells expressing P-selectin. Such microparticles aggregates will induce the generation of fibrin. B: Microparticles
derived from monocytes and bearing PSGL-1 and tissue factor will bind to activated platelets present at a site of vascular injury

or inflammation and induce the generation of fibrin.

heir tail, had a severe prolongation of their bleeding time
(42). Moreover, increased soluble P-selectin (lacking the
cytoplasmic tail) levels, induced in genetically engineered
mice, had a higher capacity for fibrin deposition compared
to wild type mice. No fibrin deposition was observed in P-
selectin deficient mice (43). These studies showed a
definite link between P-selectin and coagulation. The role
of P-selectin in coagulation was further investigated in
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studies of microparticles and tissue factor. Previous work
reported the presence of tissue factor in circulation and
showed that activated platelets are coated with tissue factor,
in the presence of monocyte microparticles, and that this
interaction is mediated by CDI15 (44). Injecting
recombinant P-selectin and immunoglobulin (P-sel-Ig) into
mice with haemophilia, has induced a very significant
increase in microparticles bearing tissue factor and a
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normalized their bleeding time . Presumable, P-sel-Ig
bound to circulating monocyte derived microparticles
bearing PSGL-1 and tissue factor and such combined P-
selectin-PSGL-1 microparticles increased fibrin formation
and normalized the bleeding time in these haemophilic
mice. Moreover, the role of P-selectin in fibrin formation
was further studied by Falati S et a/ (46). These authors
used real time in vivo microscopy, to demonstrate that
platelet P-selectin is critical in the binding of microparticles
(released from monocytes) with PSGL-1 and tissue factor.
The study showed that P-selectin is co-localized with tissue
factor and allows fibrin generation in a thrombus present in
the arterioles of wild type mice. In contract, mice deficient
in P-selectin showed a minimum amount of tissue factor
and fibrin formed at sites of injury.

9. GENETICS OF P-SELECTIN AND PSGL-1

It 1is conceivable that single nucleotide
polymorphisms (SNP) present on P-selectin and/or PSGL-
1, in tandem with other SNP's present on other genes, may
be associated to exacerbated inflammation and coagulation
in certain individuals. Indeed, P-selectin and PSGL-1, were
found to be candidates in acute coronary diseases (ACD).
P-selectin is coded by a gene of 17 exons localized on
chromosome 1g21 to 1q24 (47). Many studies have
investigated P-selectin polymorphisms and their association
with coronary diseases Indeed, Herrmann et a/ identified 13
polymorphisms linked to atherosclerosis and its
complications (48). Thus, a "protective" effect against
myocardial infarction (MI) was found associated to the
T715P (A/C exon 13) polymorphism of P-selectin. The
frequency of Pro715 alleles is less than that of Thr715 in
MI patients (48, 49). Moreover, there was no significant
difference in the frequency of this "protective" effect
between women and men (49). In addition, this
polymorphism T715P is localized in the tandem consensus
repeat domain. In this domain CR4 plays a functional role
in the interactions of P-selectin with leukocytes (50). Thus,
T715P polymorphism could be modifying P-selectin-cell
interactions but this remains to be investigated. Analysis of
T715P polymorphisms in association with 4 other
polymorphisms of the coding region (S290N, N562D,
V599L, T741T (A/G)) were defined as specific haplotypes.
Indeed, the S290N and N562D polymorphisms contribute
to the increase of MI's if these three polymorphisms were
associated (S290N, N562D, and T715P). S290N and
N562D mutations were positioned in a consensus repeat
domain which plays a role in the binding of P-selectin
ligands on leukocytes. Thus, two asparagines (N290 and
N562) in the protein sequence could further increase the
recruitment of leukocytes to the endothelium. This would
indicate that endothelial cells and leukocytes interaction via
P-selectin, contributes to development of coronary heart
disease and inflammatory disorders (51). Moreover, the
levels of soluble P-selectin protein were associated with
other two polymorphism localized in 5'-flanking region of
P-selectin gene (C-2123G and A-1969G) in addition to the
effect of T715P polymorphism (52). The role of soluble P-
selectin levels and P-selectin polymorphisms in
atherosclerosis and/or platelet activation, remain to be
determined. Recently, another polymorphism in P-selectin

834

gene was found associated to the polymorphisms of
interleukin-4 gene (53). The analysis of association
between atherosclerosis and polymorphisms of 56 genes
related to inflammation and thrombosis has shown that
Val640Leu P-selectin  and CS582T interleukin 4
polymorphisms appear to be as strong independent
predictors of stroke. Thus, P-selectin and interleukin 4
genes, known for their inflammatory role in vascular
occlusion, seem to be potential targets for the prevention of
cardiovascular disease (53). In 2004, a new polymorphism
was described for P-selectin gene, V168M SNP was
identified in a cohort of patients affected by coronary heart
disease but its role remains unclear (54).

P-selectin glycoprotein ligand-1
(PSGL-1) gene codes for the ligand of P-selectin receptor.
It was found that 3 alleles (A, B, C) of PSGL-1 gene
depended on the configuration of the repeat region forming
the VNTR domain (55). The stability of PSGL-1 mRNA
was correlated to the length of VNTR. This explains the
lower levels of PSGL-1 protein observed in patients
carrying alleles B and C (56). However, VNTR haplotype
variability was not only associated with coronary artery
diseases (CAD) and played a role in neutrophil-platelet
adhesion (57). However, M62I polymorphism, located
close to P-selectin binding site, was associated with PSGL-
1 levels (55) and with the protective effect against CAD
risks (54). An association of SNP with the functional role
of P-selectin and it ligand, in binding leukocytes, will
confirm the results summarized in this review (Barek L et
al, manuscript in preparation).

10. COAT PLATELETS

The way platelets are activated may
alter the expression of adhesion molecules and ligands
present on the platelet surface. Such an altered expression
may conceivable affect the interaction of platelets with
vascular cells. Collagen and thrombin stimulated platelets
(COAT) were first described in 2000 (58). It was found that
activating platelets by both thrombin and collagen resulted
in 30% of a cell population with high levels of
procoagulant a-granule proteins on their surface such as
factorV, fibrinogen, thrombospondin, fibronectin and von
Willebrand factor (59, 60). These proteins are all
transglutaminase substrates and are attached to the surface
of COAT platelets by a transglutaminase-mediated addition
of serotonin (3). Thus, fibrinogen and thrombospondin, by
binding to serotonin-conjugated proteins, will provide a
link for the stabilization of serotonin-derivatized,
procoagulant proteins on COAT platelets. These COAT
platelets appear functionally to be very different from other
type of activated platelets as monoclonal antibody PAC-1
(an antibody recognizing the activated form of platelet
glycoprotein IIb-11la) and other GPIIb-Illa inhibitors did
not inhibit their fibrinogen binding (61) . Surprisingly an
amplification of COAT-platelet production could be
observed in the presence of some of the GPIIb-IIla
antagonists. Finally, a long-term administration of oral
GPIIb-IIla inhibitors could even fail to protect patients and
could induce an increase in coronary events (62).
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