
way of inflammation mediated by activated
synoviocytes3. In celiac disease the role of fi-
broblast- and endothelial cell-derived tissue
transglutaminases for gliadin recognition by
and activation of mucosal T-cells is central to
pathogenesis4. In atherosclerosis, another
form of chronic inflammatory disease, the
persistent activation of endothelial cells by
CD40L+ platelets and CD40L+ T-cells plays
a central role in its pathogenesis5. Platelets,
an other type of nonimmune cells, have been
very recently recognized to actively partici-
pate to chronic IBD6. In the literature it has
been always been strong the evidence for
vascular dysfunction in IBD, such as hyper-
coagulability and thrombosis It is well estab-
lished that a hypercoagulable state exists in
IBD at both the systemic and intestinal level
as demonstrated by several clinical observa-
tions6. There is a high incidence of peripheral
vein thrombosis (up to 41% in post-mortem
studies), representing an important cause of
morbidity, frequently associated with smok-
ing and oral contraceptive use, known throm-
botic risk factors6. Increased serum levels of
von Willebrand factor, a marker of endothe-
lial damage, suggest the existence of diffuse
endothelial injury in IBD7, and inherited dis-
orders of coagulation, such as hemophilia
and von Willebrand’s disease, are protective
against IBD8. Moreover, the apparent thera-
peutic benefit of heparin provides further
support that thromboembolic phenomena
are linked to IBD pathogenesis9. In CD mu-
cosa multifocal mesenteric microinfarctions
and microvascular thromboses are frequently
found, often intimately associated with gran-
ulomatous inflammation10. Such vascular
damage has been proposed as an early event
in IBD pathogenesis, leading to platelet acti-
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Abstract. – Besides their classical haemo-
static task, platelets are now recognized as nov-
el cells deeply involved in inflammation.
Compelling evidence support their role as active
player in mucosal tissue injury that occurs in
Crohn’s disease and ulcerative colitis. In both
forms of inflammatory bowel disease platelets
contribute to microvascular endothelial activa-
tion and recruitment of inflammatory cells, thus
fostering and amplifying mucosal inflammation.

Key Words:
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Introduction

Both Crohn’s disease (CD) and ulcerative
colitis (UC) are characteristically chronic dis-
eases resulting from the combined contribu-
tion of environmental, genetic, bacterial and
immune factors1. The chronicity of symptoms
is due to continuous tissue injury caused by
unrelenting inflammation. Mounting evi-
dence suggests that gut tissue injury results
not only from an abnormal immune re-
sponse, as traditionally acknowledged, but al-
so the activation of other cellular systems2.
The gut is composed of several cell types,
and a complex interplay of immune-nonim-
mune cell interactions regulates intestinal im-
munity and inflammation4. That nonimmune
cells are as important as immune cells in
chronic inflammation, a concept barely ex-
plored in inflammatory bowel disease (IBD),
is established in other conditions. In rheuma-
toid arthritis the dominant role of T-cells in
the beginning of disease is succeeded, in the
chronic phase, by a self-perpetuating path-
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vation and aggregation followed by accumu-
lation of macrophages around the mucosal
blood vessels and eventually tissue injury7,11.
All these “coagulation” events happening in
IBD have been enriched by a novel role of
platelets as active participants in intestinal in-
flammation. 

Aim of this review is to elucidate the re-
cent data supporting the active role of
platelets in participating in mucosal inflam-
mation in both forms of IBD.

Platelets: an Abundant Source of Potent
Inflammatory Mediators

Platelets are unique anucleate mammalian
blood cells that are critically involved in he-
mostasis. Beyond this classical task, they dis-
play specialized molecular repertoires that
have evolved to accomplish crucial functions
in immunity and inflammation. Indeed
platelets are active participants of the multi-
component system of inflammation and tis-
sue repair that follow endothelial activation
and injury12,13. Similarly to mast cells,
platelets store considerable amounts of pre-
formed, biologically active substances which
induce or regulate inflammatory reactions12,13.
Among such substances are histamine, PGE2,
PGD2, PDGF, and serotonin which alter vas-
cular permeability and mediate vasodilation
or vasocostriction14,15. Other substances cause
neutrophils activation and degranulation, like
adenine nucleotides, PDGF, and platelet fac-
tor 4, while others cause fibroblast prolifera-
tion and wound repair like TGF-β. Notably,
platelets also release major chemoattractant
molecules, including the chemokines
RANTES and MIP-1α , as well as PAF and
the leukotriene 12-HETE. Most of these me-
diators are actively released by activated
platelets at sites of inflammation and tissue
injury thus promoting a further recruitment
of inflammatory cells. In addition to these
classical pro-inflammatory molecules, activat-
ed platelets secrete soluble sCD40L, a pro-
tein homologous to members of the tumor
necrosis factor (TNF) family, which engages
CD40 on the surface of most immune cells,
including T- and B-cells, monocytes and
macrophages, as well as nonimmune cells
such as mesenchymal and endothelial
cells16,18. Notably, the expression and release
of CD40L by activated platelets not only pro-
motes immune activation and inflammation,

but also contributes to coagulation by induc-
ing tissue factor production by endothelial
cells and monocytes19,20. Finally, activated
platelets are able to produce IL-1β and IL-7
which, through their numerous and potent bi-
ological properties, further widen platelets’
range of pro-inflammatory and immunoregu-
latory functions21,22. 

PLT-endothelial Interaction: a Major
Component of the Inflammatory
Response in Autoimmune, Allergic and
Vascular Diseases

The large variety of mediators released by
platelets allows them to interact with a num-
ber of immune and nonimmune cells. For in-
stance, activated platelets signal human
monocytes to produce chemokines such as
IL-8 and MCP-122. However, the most bio-
logically relevant interaction is with the vas-
cular endothelium23,24. As a result of this in-
teraction endothelial cells become activated
and produce cytokines, chemokines and up-
regulate cell adhesion molecules (CAM), all
of which contribute to amplify and sustain
inflammation. IL-6 and GM-CSF are re-
leased by platelet-activated human umbilical
vascular endothelial cells (HUVEC)25, which
also produce chemokines mediating neu-
trophil and monocyte recruitment, such as
IL-8 and MCP-126,27. Platelets also enhance
expression of ICAM-1 and E-selectin by
HUVEC27. The platelet-induced endotheli-
um activation is a contact-dependent process
where the expression of CD40L by activated
platelets allows binding to and stimulation of
CD40-bearing endothelial cells27-29. The im-
portance of the CD40/CD40L system in
platelet-endothelial cell interaction is
demonstrated by the inhibition of chemokine
production and downregulation of CAM by
CD40L blocking antibodies27-30. 

Activation of platelets is a common feature
in several chronic clinical conditions of au-
toimmune, allergic and vascular origin. In
rheumatoid arthritis platelets exist in an acti-
vated state in the synovial fluid of affected
joints, while in systemic lupus erythematosus
circulating platelets display significantly en-
hanced activation markers31,32. Platelet-de-
rived soluble CD40L apparently mediates the
febrile response to transfusion33, and may
play a pathogenic role in acute coronary syn-
dromes29.
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Evidence of Platelet Dysfunction in IBD
Platelets play a major role in vascular com-

plications of IBD patients. During active dis-
ease platelets are markedly increased in num-
ber (“reactive thrombocytosis”) and activa-
tion state, displaying enhanced aggregation in
vivo and in vitro. Enhanced aggregation is
likely due to the fact that in IBD platelets cir-
culate in an activated state, as shown by en-
hanced P-selectin and GP53 expression, and
increased production of b-thromboglobulin,
platelet factor 4, and thromboxane34-36 B2.
Markers of platelet activation are higher in
the microcirculation of CD patients compared
to the systemic circulation37. Furthermore,
platelets express enhanced IL-1 and IL-8 re-
ceptors in IBD compared to healthy subjects,
receptor density being inversely correlated to
anti-inflammatory therapy38. Finally, aminos-
alicylates are know to reduce platelets activi-
ty, and this action could explain, at least in
part, their therapeutic effect in IBD patients39. 

The most recent confirmation of a height-
ened platelet activation state in IBD is the
detection of surface CD40 ligand (CD40L),
an activation marker that allows platelets to
interact with a broad variety of immune and
nonimmune cells (17). Compared to healthy
controls, circulating platelets in both CD and
UC patients have significantly greater expres-
sion of this potent immunoregulatory and
pro-inflammatory molecule than normal
platelets, and this difference persists even af-
ter in vitro thrombin stimulation40. These
CD40L-positive platelets are essentially the
only source of the increased plasma levels of
the soluble form of CD40L (sCD40L) in
IBD, which result from the enzymatic release
of this molecule from the surface of activated
platelets into the peripheral and mucosal cir-
culation41.

Platelet Participation to Intestinal
Chronic Inflammation

The initial suggestion that platelets display
an activation state at mucosal level was re-
ported in histopathological studies revealing
the presence of mucosal capillary thrombi in
rectal biopsies of patients with IBD42.
Intravascular microthrombi are frequently ob-
served in CD and UC mucosa, even though
their presence is unrelated to the severity of
inflammation, and they are consistently ab-
sent in the mucosa of normal subjects42.

Furthermore, the finding of an increased ex-
pression of the pro-coagulant molecule tissue
factor, which closely correlates with the de-
gree of thrombosis in the mucosal microvas-
culature of CD patients, enriched the bridge
between coagulation and platelet dysfunction
in IBD43. In fact, one of the earliest abnormal-
ities in CD mucosa is the presence of platelet
thrombi cross-linked with fibrin in the mucos-
al microvasculature44. This feature, however,
is not specific of CD as can be found in other
idiopathic inflammatory bowel disorders43. In
reality, the intimate adherence of platelets to
the endothelium is a general phenomenon
characteristic of the early manifestations of
regional immune reactivity45, and persists
throughout the course of several inflammato-
ry conditions, including IBD.

Critical informations suggesting that the
activation of platelets occurs in the inflamed
intestinal circulation in IBD has been de-
scribed by Collins et al, where the authors de-
scribes increased platelet aggregates in the
mesenteric blood of CD patients46. The same
event was recently reproduced in vitro using
platelets co-cultured with human intestinal
microvascular endothelial cells (HIMEC).
HIMEC pre-treated with IL-1β to mimic IBD
endothelium can activate platelets through
simple physical contact, as evidenced by a up-
regulation of P-selectin and CD40L expres-
sion on the platelet surface41. 

Additional evidence of their involvement
in mucosal inflammation is the recent demon-
stration that IBD platelets express high levels
of surface CD40L, creating a physical and bi-
ological bridge that allows interaction with
and activation of HIMEC. This series of
events actually occurs, as CD40L-positive
platelets in IBD have been detected in vivo
adhering to mucosal microvascular endotheli-
um where they trigger or amplify a pro-in-
flammatory response40. The in vitro counter-
part for this finding is the upregulation of two
crucial adhesion molecules involved in leuko-
cytes adhesion, vascular adhesion molecule
(VCAM)-1 and intercellular cell adhesion
molecule (ICAM)-1, by activated IBD
platelets through the CD40-dependent path-
way. Through this same pathway IBD
platelets also stimulate HIMEC to produce
IL-8, the major neutrophil chemoattractant,
setting in motion HIMEC’s signaling machin-
ery along the MAP-kinase cascade, and pro-
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moting a marked phosphorylation of p38. It is
worthy of note that platelets can activate var-
ious cells not only through contact with mem-
brane-bound CD40L, but also through the re-
lease of its soluble form, representing still an-
other paracrine mechanism of inflammation.
For instance, sCD40L can activate intestinal
resident cells such as fibroblasts and HIMEC,
inducing them to secrete chemokines, up-reg-
ulate VCAM-1 and ICAM-1, and enhance T-
cell adhesion to endothelium and subsequent
transmigration into the interstitium47. 

In addition to IL-8, IBD platelets release,
upon contact with HIMEC, profuse amounts
of biologically active RANTES36, a
chemokine critical for recruitment of mono-
cytes and memory T-cells and strongly ex-
pressed by endothelial cells surrounding
granulomas. HIMEC avidly immobilize and
retain on their surface the platelet-derived
RANTES which can thus mediate adhesion
of more T-cells to HIMEC. This sequence of
events probably translates the unfolding of an
in vivo inflammatory cycle, where platelet-
triggered, chemokine-mediated leukocyte ad-
hesion to endothelium occurs that subse-
quently results in leukocyte transmigration
into the interstitium to create a focus of in-
flammation. This cycle links platelet activa-
tion and T-cell recruitment, and implicates
platelets in cell-mediated immune phenome-
na in gut inflammation25. Another functional
link between platelets and leukocytes has
been recently postulated. T-cells adhering to
an inflamed microvascular bed may create an
effective platform onto which platelets bind
and thus further interact with the endotheli-
um itself49. 

An other contribution of activated platelets
to IBD-associated mucosal damage is suggest-
ed by the intriguing observation that UC
platelets enhance the production of reactive
oxygen species by polymorphonuclear leuko-
cytes50. This may contribute not only to the
high levels of reactive oxygen species at mu-
cosal level, but also to mediation of mucosal
injury in this condition51.

A recent report has described a further
contribution of platelets to the recruitment of
T-cells at sites of tissue injury and inflamma-
tion. Platelets express constitutive and func-
tional CD40, that allows activated CD40L
positive T-cells to bind and to trigger platelet
activation. These events lead to up-regulation

of P-selectin and granular RANTES release,
that at endothelial sites is a potent recruiter
of memory T-cells52.

Conclusions

The rapidly expanding information on the
role of platelets as mediators of inflammation,
combined with the previously acquired but still
evolving knowledge on the involvement of
platelets in IBD53,54, suggest a novel role of this
cell type in mucosal inflammation. Indeed, be-
cause activated platelets are previously unsus-
pected but active coconspirators of inflamma-
tion and tissue injury in a wide range of inflam-
matory conditions, they may be close to the de-
gree of pathogenic relevance attributed to clas-
sical immune cells. As a consequence, platelets
are well on the way to acquire a higher degree
of relevance in the complex mosaic of IBD
pathogenesis55. Because both their number and
state of activation are markedly increased dur-
ing the active and even inactive stage of CD or
UC, their presence represents a significant risk
factor for amplification of gut inflammation,
and makes them a rational target for specific
therapeutic intervention.
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