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Abstract

Epidemiologic studies have shown that the neuttagunt correlates with the risk of myocardial
infarction and stroke and identify patients morscgptible to reinfarction and in-hospital death. In
particular, neutrophils action was initially assded to the blood rheological changes, or to the
effect of neutrophil-derived eicosanoids or progsasAnimal models indicate that platelet-
leukocyte P-selectin dependent cross-talk conedbubd fibrin deposition during in vivo thrombus
formation. In fact, platelet P-selectin, through lieéukocyte counter-receptor PSGL-1, determines
the activation of leukocyte 32 integrins, the bingdof fibrinogen and the expression of tissue facto
on leukocyte surface. Monocytes stimulated in witith LPS, PMA and P-selectin synthesize and
express tissue factor. fMLP, P-selectin, TNFalphd C5a are effective stimuli that trigger the
synthesis and expression of biologically activesues factor in neutrophils. The experimental
evidence well agrees with clinical observationstigudas with acute coronary syndromes, acute
respiratory distress syndrome, antiphospholipid dsymes, giant cell arteritis and
myeloproliferative syndromes have increased exmesef tissue factor on leukocyte surface.
Moreover circulating neutrophils express mRNA cypit§ for full-length and/or alternatively
spliced tissue factor, suggesting a new importaukt between thrombosis and inflammation. All
together, clinical and experimental evidence sugted the leukocyte thrombogenic profile is a
relevant player in patients with high risk of thhooembolic events and possibly represents a

suitable target for molecular intervention.
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Epidemiologic studies in the last two decades mavealed the correlation between the leukocyte
count and the risk of myocardial infarction anaké. More recent data, obtained in various
independent experimental models, convincingly iathd that, besides the increased neutrophil
counts in peripheral blood, neutrophil activatitetissper se reveals an higher risk of

thromboembolism.

Areleukocytesinvolved in thrombosis?

The first experimental evidence was published Hgtf&a and co-workets in a study carried in
baboons that described the requirement of leukdoytigorin deposition during experimental
thrombi formation. This pioneering study, basedlmsimilar number of neutrophils in baboons
and humans, demonstrated that leukocytes (incpdati granulocytes in this animal model) are
responsible for fibrin formation. Actually, a P-sefin blocking antibody showed to be able to curb
the fibrin deposition, indicating that the recogmtof P-selectin, possibly expressed by activated

platelets, plays a key role.

This experimental evidence was confirmed by theyaigof coronary thrombi obtained from
patients with segment T elevated acute myocandfatgtion. In this study, neutrophils were
identified as the major thrombi component. In castimonocytes and lymphocytes were poorly

representetf.

P-selectin asleukocyte agonist.

Platelet P-selectin, through its leukocyte counéeeptor PSGL-1, determines the activation of
3-2 integrins, with firm platelet-neutrophil adhesi Several studies have established that the
aMp2 integrin (CD11b/CD18, Mac-1) is required foraukocyte recruitment by activated
platelets ii) for trans-platelet migration of lewytbes and iii) for thrombi formation after arterial
damage in mice models. In particular, studies bgrigelista and co-workéer& have
demonstrated that platelet P-selectin interactigh the leukocyte counter-receptor PSGL-1
triggers activation oM B2 integrin. The underlying mechanism involves Snaly tyrosine
kinases. Kinase activation regulatdd2-dependent adhesion of neutrophils to activated

platelets and induces the conformation shift of thtegrin to an active form, with creation of
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binding sites for the relevant ligands (includingpiarticular fibrinogen and von Willebrand

factor).

P-selectin recognition also results in: i) the aske of neutrophil primary (azurophillic) granules
content, including cathepsin‘Gelastase and myeloperoxid&s€ and in ii) the release of tissue
factor bearing microparticl&s able to accelerate the fibrin formation and déjms>. In

addition, membrane-to-membrane contact betweeerlptatand neutrophils promotes
thromboxane A2 and leukotriene C4 formatfoli, a potent vasoconstrictor. These events
critically depend an effective P-selectin/PSGL-teiaction'”2 In turn, these bioactive
molecules favour platelet and endothelium activatjeopardize vascular integrity and affect the

coagulation system by a mechanism not preventetspiyin .

Neutrophils expresstissue factor

Tissue factor is a key molecule in the activatibrtloe extrinsic coagulation cascade. The rate of
the reactions is critically dependent on the exposfi phosphatidylserine on the surface of cells
or other particulate substrates, i.e. on the aiithaof a template where coagulation factors

assembl®.

In addition to monocytes, endothelial cells andgds, neutrophils express tissue factor.
Originally, the presence of the mRNA codifying fidf (TFMRNA) was demonstrated in
infected and inflamed tissues of rabbits and moskéy Besides TFMRNA expression,
neutrophil tissue factor abilities to promotes plascoagulation and effective fibrin deposition

was also demonstrated.

Later,in vitro observations with human purified neutrophils iradéxl that not all stimuli are
equally effective at inducing the tissue factorression and theovo synthesis of the molecife
by a mechanism JAK2-depend&ntPMA and LPS fail to induce any procoagulantwtiin
neutrophil§*?® Of importantly, resting human neutrophils do effectively react to LPS. This
lack of response is at least partially explainedh®yrelative absence of relevant of toll like
receptors.

P-selectif?, C5&* TNFalph&® (all physiological stimuli) and fMLP share the ability to induce
TFMRNA as well as thex-novo synthesis of and the up-regulation of tissue fastoneutrophil

surface.

Tissue factor expressed after recognition of edi¢hese stimuli is biologically active, and
efficiently induces the thrombin productféif® Ritis and co-workef82® demonstrated that
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neutrophils produce also an alternatively spliéssiie factor after stimulation with C5a and
TNF. Results obtained in patients undergoing thrasrgoor in those with high risk of
thromoembolic events, such as myeloproliferativedsgme&™2, antiphospholipid antibody
syndromé”, acute distress respiratory syndroffiescute coronary syndronfésnd giant cell
arteritis” have further highlighted the relevance of the lefween inflammatory stimuli,

including P-selectin, C5a and TNFalpha, and theegion of bioactive tissue factor.

Monocyte dependent neutrophil tissue factor expression

Monocytes produce tissue factor after stimulatidth \®-selectin, LPS and PMA 2% % |n
contrast the neutrophil agonist, fMLP is unablenttuce the TFMRNA production and the
expression of the molecule on monocyte suffadectually, the co-culture of autologous human
neutrophils and monocytes in the presence of fMidmhadt influence TFMRNA expression in
neutrophils. Some transfer of tissue factor frativated monocytes to neutrophils has been
demonstrated by Egorina and co-worR&rdn healthy subjects, neutrophil:monocytes rtio
usually 17:1 (around 5,000 neutrophils and 300 rogtes per each pL of blood). In particular
conditions, including some in which tissue factmidygical action is crucial, such as acute
myocardial infarction, polycytemia vera, esserntimbmbocytemia, giant cell arteritis,
polymialgia rheumatica and acute lung injury, nepitils count easily reach 10,000/uL of blood
while the number of monocytes is not influencedn€idering the relative ratio between
neutrophils and monocytes and the different hidfdf neutrophils and monocytes, the actual
relevance of tissue factor transfer from monocgies the relative contribution to the overall

expression of the molecule by neutrophils remainiset established.

Conclusions

All together, clinical and experimental evidenceggest that the neutrophil thrombogenic profile
contributes to the risk of thromboembolic eventd passibly represents a suitable target for

molecular intervention. Studies in the next yeaitsshed further light on this exciting issue.
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