European Review for Medical and Pharmacological Sciences

2004; 8: 193-198

Platelets: new players in the mucosal
scenario of inflammatory bowel disease
S. DANESE, F. SCALDAFERRI, A. PAPA, R. POLA, M. SANS*, G. GASBARRINI,
P. POLA, A. GASBARRINI
Department of Internal Medicine, Catholic University of Rome – Rome (Italy)
*Hospital Clinic, Division of Gastroenterology – Barcelona (Spain)

Abstract. – Besides their classical haemostatic task, platelets are now recognized as novel 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 activation and recruitment of inflammatory cells, thus
fostering and amplifying mucosal inflammation.
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Introduction
Both Crohn’s disease (CD) and ulcerative
colitis (UC) are characteristically chronic diseases resulting from the combined contribution of environmental, genetic, bacterial and
immune factors1. The chronicity of symptoms
is due to continuous tissue injury caused by
unrelenting inflammation. Mounting evidence suggests that gut tissue injury results
not only from an abnormal immune response, as traditionally acknowledged, but also the activation of other cellular systems2.
The gut is composed of several cell types,
and a complex interplay of immune-nonimmune cell interactions regulates intestinal immunity and inflammation4. That nonimmune
cells are as important as immune cells in
chronic inflammation, a concept barely explored in inflammatory bowel disease (IBD),
is established in other conditions. In rheumatoid arthritis the dominant role of T-cells in
the beginning of disease is succeeded, in the
chronic phase, by a self-perpetuating path-

way of inflammation mediated by activated
synoviocytes3. In celiac disease the role of fibroblast- and endothelial cell-derived tissue
transglutaminases for gliadin recognition by
and activation of mucosal T-cells is central to
pathogenesis 4. 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 participate to chronic IBD6. In the literature it has
been always been strong the evidence for
vascular dysfunction in IBD, such as hypercoagulability and thrombosis It is well established that a hypercoagulable state exists in
IBD at both the systemic and intestinal level
as demonstrated by several clinical observations6. 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 smoking and oral contraceptive use, known thrombotic risk factors6. Increased serum levels of
von Willebrand factor, a marker of endothelial damage, suggest the existence of diffuse
endothelial injury in IBD7, and inherited disorders of coagulation, such as hemophilia
and von Willebrand’s disease, are protective
against IBD8. Moreover, the apparent therapeutic benefit of heparin provides further
support that thromboembolic phenomena
are linked to IBD pathogenesis9. In CD mucosa multifocal mesenteric microinfarctions
and microvascular thromboses are frequently
found, often intimately associated with granulomatous inflammation 10 . Such vascular
damage has been proposed as an early event
in IBD pathogenesis, leading to platelet acti193
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vation and aggregation followed by accumulation 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 inflammation.
Aim of this review is to elucidate the recent data supporting the active role of
platelets in participating in mucosal inflammation 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 hemostasis. Beyond this classical task, they display specialized molecular repertoires that
have evolved to accomplish crucial functions
in immunity and inflammation. Indeed
platelets are active participants of the multicomponent system of inflammation and tissue repair that follow endothelial activation
and injury 12,13 . Similarly to mast cells,
platelets store considerable amounts of preformed, biologically active substances which
induce or regulate inflammatory reactions12,13.
Among such substances are histamine, PGE2,
PGD2, PDGF, and serotonin which alter vascular permeability and mediate vasodilation
or vasocostriction14,15. Other substances cause
neutrophils activation and degranulation, like
adenine nucleotides, PDGF, and platelet factor 4, while others cause fibroblast proliferation 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 mediators 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, activated platelets secrete soluble sCD40L, a protein 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 promotes immune activation and inflammation,
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but also contributes to coagulation by inducing tissue factor production by endothelial
cells and monocytes 19,20. Finally, activated
platelets are able to produce IL-1β and IL-7
which, through their numerous and potent biological properties, further widen platelets’
range of pro-inflammatory and immunoregulatory 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 number of immune and nonimmune cells. For instance, activated platelets signal human
monocytes to produce chemokines such as
IL-8 and MCP-122. However, the most biologically relevant interaction is with the vascular endothelium23,24. As a result of this interaction endothelial cells become activated
and produce cytokines, chemokines and upregulate cell adhesion molecules (CAM), all
of which contribute to amplify and sustain
inflammation. IL-6 and GM-CSF are released by platelet-activated human umbilical
vascular endothelial cells (HUVEC)25, which
also produce chemokines mediating neutrophil 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 endothelium 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 importance 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 autoimmune, allergic and vascular origin. In
rheumatoid arthritis platelets exist in an activated state in the synovial fluid of affected
joints, while in systemic lupus erythematosus
circulating platelets display significantly enhanced activation markers 31,32. Platelet-derived soluble CD40L apparently mediates the
febrile response to transfusion 33, and may
play a pathogenic role in acute coronary syndromes29.
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Evidence of Platelet Dysfunction in IBD
Platelets play a major role in vascular complications of IBD patients. During active disease platelets are markedly increased in number (“reactive thrombocytosis”) and activation state, displaying enhanced aggregation in
vivo and in vitro. Enhanced aggregation is
likely due to the fact that in IBD platelets circulate in an activated state, as shown by enhanced P-selectin and GP53 expression, and
increased production of b-thromboglobulin,
platelet factor 4, and thromboxane 34-36 B 2.
Markers of platelet activation are higher in
the microcirculation of CD patients compared
to the systemic circulation 37. Furthermore,
platelets express enhanced IL-1 and IL-8 receptors in IBD compared to healthy subjects,
receptor density being inversely correlated to
anti-inflammatory therapy38. Finally, aminosalicylates are know to reduce platelets activity, and this action could explain, at least in
part, their therapeutic effect in IBD patients39.
The most recent confirmation of a heightened 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 expression of this potent immunoregulatory and
pro-inflammatory molecule than normal
platelets, and this difference persists even after in vitro thrombin stimulation 40. 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 circulation41.
Platelet Participation to Intestinal
Chronic Inflammation
The initial suggestion that platelets display
an activation state at mucosal level was reported in histopathological studies revealing
the presence of mucosal capillary thrombi in
rectal biopsies of patients with IBD 42 .
Intravascular microthrombi are frequently observed in CD and UC mucosa, even though
their presence is unrelated to the severity of
inflammation, and they are consistently absent in the mucosa of normal subjects 42 .

Furthermore, the finding of an increased expression of the pro-coagulant molecule tissue
factor, which closely correlates with the degree of thrombosis in the mucosal microvasculature of CD patients, enriched the bridge
between coagulation and platelet dysfunction
in IBD43. In fact, one of the earliest abnormalities in CD mucosa is the presence of platelet
thrombi cross-linked with fibrin in the mucosal 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 reactivity 45, and persists
throughout the course of several inflammatory conditions, including IBD.
Critical informations suggesting that the
activation of platelets occurs in the inflamed
intestinal circulation in IBD has been described by Collins et al, where the authors describes 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 upregulation of P-selectin and CD40L expression on the platelet surface41.
Additional evidence of their involvement
in mucosal inflammation is the recent demonstration that IBD platelets express high levels
of surface CD40L, creating a physical and biological 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 endothelium where they trigger or amplify a pro-inflammatory response40. The in vitro counterpart for this finding is the upregulation of two
crucial adhesion molecules involved in leukocytes adhesion, vascular adhesion molecule
(VCAM)-1 and intercellular cell adhesion
molecule (ICAM)-1, by activated IBD
platelets through the CD40-dependent pathway. Through this same pathway IBD
platelets also stimulate HIMEC to produce
IL-8, the major neutrophil chemoattractant,
setting in motion HIMEC’s signaling machinery along the MAP-kinase cascade, and pro195
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moting a marked phosphorylation of p38. It is
worthy of note that platelets can activate various cells not only through contact with membrane-bound CD40L, but also through the release of its soluble form, representing still another paracrine mechanism of inflammation.
For instance, sCD40L can activate intestinal
resident cells such as fibroblasts and HIMEC,
inducing them to secrete chemokines, up-regulate VCAM-1 and ICAM-1, and enhance Tcell 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 RANTES 36 , a
chemokine critical for recruitment of monocytes and memory T-cells and strongly expressed 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 platelettriggered, chemokine-mediated leukocyte adhesion to endothelium occurs that subsequently results in leukocyte transmigration
into the interstitium to create a focus of inflammation. This cycle links platelet activation and T-cell recruitment, and implicates
platelets in cell-mediated immune phenomena 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 endothelium itself49.
An other contribution of activated platelets
to IBD-associated mucosal damage is suggested by the intriguing observation that UC
platelets enhance the production of reactive
oxygen species by polymorphonuclear leukocytes50. This may contribute not only to the
high levels of reactive oxygen species at mucosal 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 inflammation. Platelets express constitutive and functional CD40, that allows activated CD40L
positive T-cells to bind and to trigger platelet
activation. These events lead to up-regulation
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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, because activated platelets are previously unsuspected but active coconspirators of inflammation and tissue injury in a wide range of inflammatory conditions, they may be close to the degree of pathogenic relevance attributed to classical 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 during 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.

References
1) FIOCCHI C. Inflammatory bowel disease: etiology
and pathogenesis. Gastroenterology 1998; 115:
182-205.
2) FIOCCHI C. Intestinal inflammation: a complex interplay of immune and nonimmune cell interactions. Am J Physiol 1997; 273: G769-G775.
3) FIRESTEIN GS. Invasive fibroblast-like synoviocytes
in rheumatoid arthritis. Passive responders or
transformed aggressors? Arthritis Rheum 1996;
39: 1781-1790.
4) SCHUPPAN D. Current concepts of celiac disease
pathogenesis. Gastroenterology 2000; 119: 234242.
5) PHIPPS RP. Atherosclerosis: the emerging role of
inflammation and the CD40-CD40 ligand system.
Proc Natl Acad Sci USA 2000; 97: 6930-6932.
6) COLLINS CE, RAMPTON DS. Platelet in inflammatory
bowel disease - pathogenetic role and therapeutic implications. Aliment Pharmacol Ther 1997;
11: 237-247.

Platelets: new players in the mucosal scenario of inflammatory bowel disease
7) S T E V E N S TRJ, J A M E S JP, S I M M O N D S NJ, et al.
Circulating von Willebrand factor in inflammatory
bowel disease. Gut 1992; 33: 502-506.
8) THOMPSON NP, WAKEFIELD AJ, POUNDER RE. Inherited
disorders of coagulation appear to protect against
inflammatory bowel disease. Gastroenterology
1995; 108: 1011-1015.
9) KORZENIK JR. IBD. A vascular disorder? The case
for heparin therapy. Inflamm Bowel Dis 1997; 3:
87-94.
10) W AKEFIELD AJ, Dhillon AP, Rowles PM, et al.
Pathogenesis of Crohn’s disease: multifocal gastrointestinal infarction. Lancet 1989; 2: 10571062.
11) S ANKEY EA, D HILLON AP, A NTHONY A, et al. Early
mucosal changes in Crohn’s disease. Gut 1993;
34: 375-81.
12) PAGE C. Platelets as inflammatory cells. Immunopharmacology 1989; 17: 51-59.
13) K LINGER MH. Platelets and inflammation. Anat
Embryol (Berl) 1997; 196: 1-11.
14) AUKRUST P, WAEHRE T, DAMAS JK, et al. Inflammatory
role of platelets in acute coronary syndromes.
Heart 2001; 86: 605-606.
15) WEYRICH AS, PRESCOTT SM, ZIMMERMAN GA. Platelets,
endothelial cells, inflammatory chemokines, and
restenosis: complex signaling in the vascular play
book. Circulation 2002; 106: 1433-1435.
16) GREWAL IS, FLAVELL RA. CD40 and CD154 on cellmediated immunity. Annu Rev Immunol 1998; 16:
111-135.

25) K APLANSKI G, P ORAT R, A IURA K, et al. Activated
platelets induce endothelial secretion of interleukin-8 in vitro via an interleukin-1-mediated
event. Blood 1993; 81: 2492-2495.
26) GAWAZ M, NEUMANN F-J, DICKFELD T, et al. Activated
platelets induce monocyte chemotactic protein-1
secretion and surface expression of intercellular
adhesion molecule-1 on endothelial cells.
Circulation 1998; 98: 1164-1171.
27) SLUPSKY JR, KALBAS M, WILLUWEIT A, et al. Activated
platelets induce tissue factor expression on human umbilical vein endothelial cells by ligation of
CD40. Thromb Haemost 1998; 80: 1008-1014.
28) XU H, ARNAUD F, TADAKI DK, et al. Human platelets
activate porcine endothelial cells through a
CD154-dependent pathway. Transplantation
2001; 72: 1858-1861.
29) GARLICHS CD, ESKAFI S, RAAZ D, et al. Patients with
acute coronary syndrome express enhanced
CD40 ligand/CD154 on platelets. Heart 2001; 86:
649-655.
30) HENN V, SLUPSKY JR, GRAFE M, et al. CD40 ligand on
activated platelets triggers an inflammatory reaction
of endothelial cells. Nature 1998; 391: 591-594.
31) NAGAHAMA M, NOMURA S, OZAKI Y, et al. Platelet activation markers and soluble adhesion molecules
in patients with systemic lupus erythematosus.
Autoimmunity 2001; 33: 85-94.
32) ENDRESEN GK. Evidence for activation of platelets
in the synovial fluid from pateints with rheumatoid
arthritis. Rheumatol Int 1989; 9: 19-24.

C, BANCHEREAU J. CD40-CD40 ligand. J
Leukoc Biol 2000; 67: 2-17.

33) PHIPPS RP, KAUFMAN J, BLUMBERG N. Platelet derived
CD154 (CD40 ligand) and febrile responses to
transfusion. Lancet 2001; 357: 2023-2024.

18) BIANCONE L, CANTALUPPI V, CAMUSSI G. CD40-CD154
interaction in experimental and human disease.
Int J Mol Med 1999; 3: 343-353.

34) KOUTROBAKIS IE. Role of thrombotic risk factors in
inflammatory bowel disease. Dig Dis 2000; 18:
161-167.

19) SLUPSKY JR, KALBAS M, WILLUWEIT A, et al. Activated
platelets induce tissue factor expression on human umbilical vein endothelial cells by ligation of
CD40. Thromb Haemost 1998; 80: 1008-1014.

35) COLLINS CE, RAMPTON DS. Platelet in inflammatory
bowel disease–pathogenetic role and therapeutic
implications. Aliment Pharmacol Ther 1997; 11:
237-247.

20) LINDMARK E, TENNO T, SIEGBAHN A. Role of platelet
P-selectin and CD40 ligand in the induction of
monocytic tissue factor expression. Arterioscler
Thromb Vasc Biol 2000; 20: 2322-2328.

36) COLLINS CE, CAHILL MR, NEWLAND AC, RAMPTON DS.
Platelets circulate in an activated state in inflammatory bowel disease. Gastroenterology 1994;
106: 840-845.

21) L I N D E M A N N S, T O L L E Y ND, D I X O N DA, et al.
Activated platelets mediate inflammatory signaling by regulated interleukin 1beta synthesis. J
Cell Biol 2001; 154: 485-490.

37) T SCHOEPE D, S CHWIPPERT B, S CHUMACHER B, at al.
Increased P-selectin (CD62) expression on
platelets from capillary whole blood of patients
with Crohn’s disease. Gastroenterology 1993;
104: A793.

17)

VANKOOTEN

22) WEYRICH AS, ELSTAD MR, MCEVER RP, et al. Activated
platelets signal chemokine synthesis by human
monocytes. J Clin Invest 1996; 97: 1525-1534.
23) WARE JA, HEISTAD DD. Platelet-endothelium interactions. N Engl J Med 1993; 328: 628-635.

38) S CHAUFELBERGER HD, U HR MR, M C G UKIN C, et al.
Platelets in ulcerative colitis and Crohn’s disease
express functional interleukin-1 and interleukin-8
receptors. Eur J Clin Invest 1994; 24: 656-663.

24) H AWRYLOWICZ CM, H OWELLS GL, F ELDMANN M.
Platelet-derived interleukin-1 induces human endothelial adhesion molecule expression and cytokine production. J Exp Med 1991; 174: 785-790.

39) C A R T Y E, M A C E Y M, R A M P T O N DS. Inhibition of
platelets activation by 5-aminosalicylic acid in inflammatory bowel disease. Aliment Pharmacol
Ther 2000; 14: 1169-1179.

197

S. Danese, F. Scaldaferri, A. Papa, R. Pola, M. Sans, G. Gasbarrini, P. Pola, A. Gasbarrini
40) DANESE S, DE LA MOTTE C, STURM A, et al. Platelets
trigger a CD40-dependent inflammatory response
in the microvasculature of Inflammatory bowel
disease patients. Gastroenterology 2003; 124:
1249-1264.

48) D EVERGNE O, M ARFAING -K OKA A, S CHALL TJ, et al.
Production of the RANTES chemokine in delayed-type hypersensitivity reactions: involvement
of macrophages and endothelial cells. J Exp Med
1994; 179: 1689-1694.

41) D A N E S E S, K A T Z J, S A I B E N I S, et al. Activated
platelets are the source of elevated levels of soluble CD40 ligand in the circulation of Inflammatory
bowel disease patients. Gut 2003; 52: 14351441.

49) RUSSELL J, COOPER D, TAILOR A, et al. Low venular
shear rates promote leukocyte-dependent recruitment of adherent platelets. Am J Physiol
Gastrointest Liver Physiol 2003; 284: G123-G129.

42) DHILLON AP, ANTHONY A, SIM R, et al. Mucosal capillary thrombi in rectal biopsies. Histopathology
1992; 21: 127-133.
43) M ORE L, S IM R, H UDSON M, et al. Immunohistochemical study of tissue factor expression in normal intestine and idiopathic inflammatory bowel
disease. J Clin Pathol 1993; 46: 703-708.
44) S ANKEY EA, D HILLON AP, A NTHONY A, et al. Early
mucosal changes in Crohn’s disease. Gut 1993;
34: 375-381.
45) SAADI S, WRENSHALL LE, PLATT JL. Regional manifestations and control of the immune system.
FASEB J 2002; 16: 849-856.
46) COLLINS CE, RAMPTON DS, ROGERS J, et al. Platelet
aggregation and neutrophil sequestration in the
mesenteric circulation in inflammatory bowel disease. Eur J Gastroenterol Hepatol 1997; 9: 12131217.
47) VOGEL JD WG, STURM A, LEVINE AD, et al. Essential
role of the CD40 pathway in T-cell-mediated induction of chemokines and cell adhesion molecules by human intestinal fibroblasts and microvascular endothelial cells. Gastroenterology
2001; 120: A192.

198

50) SUZUKI K, SUGIMURA K, HASEGAWA K, et al. Activated
platelets in ulcerative colitis enhance the production of reactive oxygen species by polymorphonuclear leukocytes. Scand J Gastroenterol 2001;
36: 1301-1306.
51) KRUIDENIER L, VERSPAGET HW. Oxidative stress as a
pathogenic factor in inflammatory bowel disease radicals or ridiculous? Aliment Pharmacol Ther
2002; 16: 1997-2015.
52) DANESE S, DE LA MOTTE C, REYES BM, et al. Cutting
edge: T cells trigger CD40-dependent platelet activation and granular RANTES release: a novel
pathway for immune response amplification. J
Immunol. 2004; 172: 2011-2015.
52) COLLINS CE, RAMPTON DS. Platelet dysfunction: a
new dimension in inflammatory bowel disease.
Gut 1995; 36: 5-8.
53) COLLINS CE, RAMPTON DS. Review article: platelets
in inflammatory bowel disease-pathogenetic role
and therapeutic implications. Aliment Pharmacol
Ther 1997; 11: 237-247.
54) DANESE S, DE LA MOTTE C, FIOCCHI C. Platelets in inflammatory bowel disease: clinical, pathogenic,
and therapeutic implications. Am J Gastroenterol.
2004; 99: 938-945.

