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SUMMARY

Epidemiologic studies have shown that the neutrophil count correlates with the risk of myocardial infarction and stroke
and identify patients more susceptible to reinfarction and in-hospital death. In particular, neutrophils action was initially
associated to blood rheological changes, or to the effect of neutrophil-derived eicosanoids or proteases. Animal models
indicate that platelet-leukocyte P-selectin dependent cross-talk contributes to fibrin deposition during in vivo throm-
bus formation. In fact, platelet P-selectin, through its leukocyte counter-receptor PSGL-1, determines the activation of
leukocyte 2 integrins, the binding of fibrinogen and the expression of tissue factor on leukocyte surface. Monocytes
stimulated in vitro with LPS, PMA and P-selectin synthesize and express tissue factor. fMLP, P-selectin, TNFalpha and
C5a are effective stimuli that trigger the synthesis and expression of biologically active tissue factor in neutrophils. The
experimental evidence well agrees with clinical observations: patients with acute coronary syndromes, acute respiratory
distress syndrome, antiphospholipid syndromes, giant cell arteritis and myeloproliferative syndromes have increased
the expression of tissue factor on leukocyte surface. Moreover circulating neutrophils express mRNA codifying for full-
length and/or alternatively spliced tissue factor, suggesting a new important link between thrombosis and inflammation.
All together, clinical and experimental evidence suggest that the leukocyte thrombogenic profile is a relevant player in
patients with a high risk of thromboembolic events and possibly represents a suitable target for molecular intervention.
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INTRODUCTION

Epidemiologic studies in the last two decades have
revealed the correlation between the leukocyte count
and the risk of myocardial infarction and stroke. More
recent data, obtained in various independent exper-
imental models, convincingly indicated that, besides
the increased neutrophil counts in peripheral blood,
neutrophil activation status per se reveals a higher
risk of thromboembolism.

ARE LEUKOCYTES INVOLVED
IN THROMBOSIS?

The first experimental evidence was published by
Palabrica and co-workers [1, 2] in a study carried
out in baboons that described the requirement of
leukocyte for fibrin deposition during experimental
thrombus formation. This pioneering study, based
on the similar number of neutrophils in baboons and
humans, demonstrated that leukocytes (in particular
granulocytes in this animal model) were responsible for
fibrin formation. Actually, a P-selectin blocking anti-
body showed to be able to curb the fibrin deposition,
indicating that the recognition of P-selectin, possibly
expressed by activated platelets, played a key role.
This experimental evidence was confirmed by the
analysis of coronary thrombi obtained from patients
with segment T elevated acute myocardial infarction.
In this study, neutrophils were identified as the major
thrombus component. In contrast monocytes and
lymphocytes were poorly represented [3-6].

P-SELECTIN AS LEUKOCYTE AGONIST

Platelet P-selectin, through its leukocyte counter-
receptor PSGL-1, determines the activation of 2
integrins, with firm platelet-neutrophil adhesion.
Several studies have established that the aMf2 inte-
grin (CD11b/CD18, Mac-1) is required for i) leuko-
cyte recruitment by activated platelets, and ii) for
trans-platelet migration of leukocytes and iii) for
thrombus formation after arterial damage in mice
models. In particular, studies by Evangelista and
co-workers [7-10] have demonstrated that platelet
P-selectin interaction with the leukocyte counter-
receptor PSGL-1 triggers activation of aMp2 inte-
grin. The underlying mechanism involves Src-family
tyrosine kinases. Kinase activation regulates aMf2-
dependent adhesion of neutrophils to activated plate-
lets and induces the conformation shift of this inte-
grin to an active form, with creation of binding sites
for the relevant ligands (including in particular fibrin-
ogen and von Willebrand factor).

P-selectin recognition also results in: i) the release
of neutrophil primary (azurophillic) granules content,
including cathepsin G [11], elastase and myeloper-
oxidase [12, 13] and ii) the release of tissue factor
bearing microparticles [14] that are able to accel-
erate the fibrin formation and deposition [15]. In
addition, membrane-to-membrane contact between
platelets and neutrophils promotes thromboxane A2
and leukotriene C4 formation [16, 17], a potent vaso-
constrictor. These events critically depend on effec-
tive P-selectin/PSGL-1 interaction [17, 18]. In turn,
these bioactive molecules favour platelet and endo-



thelial activation, jeopardize vascular integrity and affect
the coagulation system by mechanism not prevented by
aspirin [19].

NEUTROPHILS EXPRESS TISSUE FACTOR

Tissue factor is a key molecule in the activation of the
extrinsic coagulation cascade. The rate of the reactions is
critically dependent on the exposure of phosphatidylserine
on the surface of cells or other particulate substrates, i.e.
on the availability of a template where coagulation factors
assemble [15].

In addition to monocytes, endothelial cells and plate-
lets, neutrophils express the tissue factor. Originally, the
presence of the mRNA codifying for TF (TFmRNA) was
demonstrated in infected and inflamed tissues of rabbits and
monkeys [20, 21]. Besides TFmRNA expression, neutro-
phil tissue factor abilities to promote plasma coagulation
and effective fibrin deposition were also demonstrated.

Later, in vitro observations with human purified neutro-
phils indicated that all stimuli are not equally effective at
inducing tissue factor expression and the novo synthesis of
the molecule [22] by a JAK2-dependent mechanism [23].
PMA and LPS fail to induce any procoagulant activity in
neutrophils [23]. Importantly, resting human neutrophils
do not effectively react to LPS. This lack of response is at
least partially explained by a relative absence of relevant
toll-like receptors.

P-selectin [22], C5a [24], TNFalpha [25] (all physio-
logical stimuli) and fMLP [22] share the ability to induce
TFmRNA, as well as the ex-novo synthesis and up-regu-
lation of tissue factor on the neutrophil surface.

The tissue factor expressed after the recognition of each
of these stimuli is biologically active, and efficiently induces
the thrombin production [22-26]. Ritis and co-workers
[24, 25, 26] demonstrated that neutrophils also produce an
alternatively spliced tissue factor after stimulation with C5a
and TNE Results obtained in patients undergoing throm-
bosis or in those with high risk of thromoembolic events,
such as myeloproliferative syndromes [25, 27], antiphos-
pholipid antibody syndrome [24], acute distress respira-
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KAMHWMYKKM 1 eKcnepuMeHTaNHU NOKa3aTe/bu NPOTPOMOOTCKUX

cBojcTaBa HeyTpoduna

Norma Maugeri, Angelo A. Manfredi, Attilio Maseri

HayuHu unctutyT San Raffaele v YHusep3uter Vita-Salute San Raffaele, MunaHo, Utanuja

KPATAK CAAPXAJ

EnnpemunonollKka nctpaxmearba Cy nokasana fia je 6poj HeyTpo-
dunay Kopenaumjy ¢ pusukom of MHdapKTa MMoKapaa U MoXpa-
HOT yAapa 1 Ja ykasyje Ha bonecHuke Kojui Cy NognoxHuju pe-
LMAMBY MHPapKTa 1 6ONHNYKOj CMPTU. AKTUBHOCT HeyTpoduna
Ce y MOYeTKy MoBe3KBana C PEOOWKIM NMPOMEeHaMa KpPBU WK
edeKToM emKocaHouga Unu npoteasa HeyTPodUAHOr nopekna.
Kop ekcneprMeHTanHux X1BOTUba je NoKa3aHo fia MHTepaKLy-
ja TpombouMTa 1 NeyKoLmMTa 3aB1UCHA 0f P-ceneKTrHa JonpuHO-
CN BenoHoBaky ¢nbpuHa Tokom dpopmmparba Tpomba in vivo. Y
CTBapY, TPOMOOLMTHM P-CENEeKTUH NPEKO NEYKOLUTHOT peLienTo-
pa PSGL-1 oppehyje akTMBaLjy NeyKOLNUTHIX 2 UHTErprHa, Be-
3nBatbe GUOPUHOreHa 1 eKcnpecujy TKUBHOT GaKTopa Ha MoBp-
WHY neykoumta. MoHoUMTI cTUMynucanw in vitro ca LPS, PMA v
P-cenekTUHOM CUHTETULLY 1 BpLIe eKCnpecujy TKUBHOT daKTo-
pa. fMLP, P-cenektuH, TNF-a n C5a cy edumkacHu cTumynaTopu Ko-
U MHALUMPAjY CUHTE3Y 1 eKcnpecujy GMONOLWKIA aKTUBHOT TKIB-

Hor daKTopa y HeyTpodunmma. EKcnepumeHTanHn nokasaresbu
Cy Y MOTMYHOM CKagy C KIMHUYKIM 3anakarrma; 6onecHmum ¢
aKyTH/IM KOPOHaPHUM CUHAPOMOM, CVHAPOMOM aKyTHOT pecrnu-
paTopHOr AncTpeca, aHTUPochonMNUAHNM CUHAPOMOM, apTepu-
TUCOM rUraHTcknx henmja n mujenonponudepaTMBHIM CUHAPO-
MMMa MoKasyjy nosehaHy ekcrnpecujy TKMBHOT $pakTopa Ha no-
BpLWMHK NeykoumTa. LTaBuniwe, uupkynuwyhnu HeyTpodunn ekc-
npumupajy nipopmavimory PHK, koja kognpa TKMBHM dpakTop ny-
He By>KVNHe, OBHOCHO TKMBHU $aKTOp KOju je HacTao anTepHaTyB-
HUM Crajatbem ersoHa, LWTO yKasyje Ha HOBY, 3HauajHy nosesa-
HOCT TpoMb03e 1 3anarbercKor npoLieca. CBe y cBemy, KNMHNYKN
11 eKCriepyMeHTaIHMI MoKa3aTesby cyrepuily Aa TPOM6OreHm npo-
dun HeyTpoduna ma peneBaHTHY ynory Koa 6onecHuKa Koju cy
1noJ BeNMKMM PU3MKOM 3a pa3Boj Tpomboembonmje 1 BepoBaTHO
npeAcTaB/ba NOrofaH Lb 3a MONEKyNapHy UHTEPBEHL]Y.
KmbyuHe peun: HeyTpodunu; TKMBHN pakTop; Tpomb0o3a; 3ana-
Jberbe; apTepujckn Tpomboembonmnsam
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