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1. Etiopatogeneze aterotrombozy, akutniho koronarniho syndromu, iloha

tkanového faktoru a cytoadhezivnich molekul.

1.1 Uvod

Ateroskleroza a jeji komplikace jsou na prvnim misté v pri¢inach umrti v primyslové
rozvinutych zemich. V Ceské republice je stale vice nez 50% umrti spojeno s
kardiovaskularnimi chorobami, hlavné s akutnim koronarnim syndromem. Pfitom jesté pied
100 lety byly kardiovaskularni choroby dle statistik pficinou ptiblizné 10% tmrti. Tento
strmy narust je ddvan do spojitosti s vyrazn¢ vyssim vyskytem rizikovych faktori
akcelerované aterosklerozy — hypertenzi, hyperlipoproteinémii, koufenim, obezitou a
diabetem. Tento trend se u nas zastavil na konci osmdesatych let a od té doby ma klesajici
tendenci. Je to dano uspésnou primarni i sekundarni prevenci: diislednou 1é¢bou hypertenze,
zménou stravovacich navykd, ktera vedla k poklesu primérné hladiny cholesterolu na 5.88
mmol.I"" a poklesem poétu kutaki . Nedaii se viak ovlivnit procento obezity (primérny body
mass index u muzi 28.1) a s ni spojené inzulinové rezistence (Bruthans 2000, Cifkova ef al.

2002).

1.2 Patogeneze aterosklerozy

V 19. stoleti byly postulovany dvé teorie patogeneze aterosklerdzy: tzv. inkrustacni
z roku 1852, jejiz autorem byl Rokitansky a tzv. lipidova z roku 1856, jejimz autorem byl
Wirchov. Zékladem téchto dvou teorii byla identifikace depozit fibrinu, inkorporace lipida a
tvorby extracelularni matrix v platech. Navic Wirchov poprvé pouzil terminu endarteritis
deformans, vedouct k teorii zanctu a tvofici spojnici k teorii Rosse, ktery povazoval
ateroskler6zu jako odpovéd’ cévy na jeji poskozeni o vice nez stoleti pozdéji (Ross et al.

1976). Vzhledem k tomu, Ze zanétliva reakce a akumulace lipida jsou v pfimé souvislosti



s rupturou aterosklerotického platu a naslednou tvorbou trombu (Falk et al. 1995, Libby
1995), hovotime ptesnéji o aterotromboze.
1.3. Aterotromboéza

Aterotromboéza je definovana jako systémové onemocnéni velkych a stfedné velkych
tepen zahrnujici karotické tepny, aortu, koronarni a periferni tepny. Hlavnimi slozkami
aterotrombotickych plati jsou: 1) extracelularni pojivova matrix zahrnujici kolagen,
fibronektinové elastické fibrily a proteoglykany, 2) krystaly cholesterolu, estery cholesterolu
a fosfolipidy, 3) buiiky zahrnujici z monocytl odvozené makrofagy, bunky hladké svaloviny a
T lymfocyty, 4) tromboticky materidl s depozity trombocytl a fibrinu (Stary ef al. 1992,
Schwartz et al. 1995, Daugherty et al. 2002, Libby et al. 2002). Aterotrombotické platy jsou
lokalizovany hlavné v intimné tepen, ale ¢aste¢né zasahuji i do medie a adventitie (Moreno et

al. 2002). Uvedena morfologie je znazornéna na Obr. 1.

Obr. 1 Jednotlivé slozky neobturujiciho trombu nasedajiciho na praskly ateroskleroticky plat.

1.4. Patofyziologie akutniho koronarniho syndromu

V patofyziologii akutniho koronarniho syndromu se uplatiiuji tfi zakladni
mechanizmy: 1) ruptura aterosklerotického plétu, 2) nasedajici tromboza (okludujici ¢i
neokludujici) a 3) vazokonstrikce. Tvorba trombu na prasklém aterosklerotickém platu je

klicova v dal§im rozvoji akutniho korondrniho syndromu a progresi aterosklerozy (Fuster et



al. 1992, Badimon et al.1993). Trombogenicita aterosklerotické 1éze je ur¢ovana charakterem
a rozsahem obsahu platu spolu s rheologickymi a koagula¢nimi charakteristikami krve. Je
znamo, ze u 30-40% koronarnich tromboz se nepodatilo identifikovat praskly plat jako
podklad trombdzy (Farb et al. 1996). Trombotické komplikace tedy tvofi samostatny, i kdyz

uzce propojeny mechanizmus vzniku akutniho koronarniho syndromu.

1.5. Trombotické komplikace
1.5.1.  Akutni intrakoronarni trombo6za

Ruptura aterosklerotického vulnerabilniho platu vede ke zmén¢ jeho prostorového
uspofadani a stava se spoustécim mechanizmem pro vznik arteridlniho trombu (Falk et al.
1995). Tato rychld zména prostorového usporadani vede bud’ k totalni okluzi nebo subokluzi
koronarni arterie, ktera je patofyziologickym podkladem vzniku akutniho koronarniho
syndromu. Mnohem cast¢ji se jednd o vznik muralniho trombu bez uzavéru tepny, ktery se
klinicky nemanifestuje. Tento proces vede ke zhojeni platu spojené se zvétsenim jeho obsahu,
coz vede k dalsi progresi aterotromb6zy (Fuster ef al. 1992, Theroux et al. 1998). Tabulka 1
shrnuje zékladni faktory, které ptispivaji ke stabilité ¢i nestabilité trombu a tim vedou k rizné
intenzité klinické manifestace akutniho korondrniho syndromu. Zakladem zlstava ptivodni,
vice nez 100 let stard Wirchovem postulovana tromboticka trias: poSkozeni cévni stény,

zména rheologickych poméri a aktivace systémovych faktorti krve — Tabulka 1.



Slozky cévni stény
Ateroskleroza
Stupeii ruptury ¢i fisury platu
Pritomnost zanétu
Slozeni platu (lipidového jadra)
Makrofagy a generace mikropartikuli (tkanového faktoru)
Poskozeni cévni stény v diisledku koronarni intervence
Ruptura platu v disledku balénkové angiopastiky ¢i implantace stentu
Poskozeni hladkych svalovych bungk (trombin)
Rheologické poméry
Vysoké sttizné sily
Vyznamna stendza (zménéna geometrie, rezidualni tromby)
Vazokonstrikce (serotonin, tromboxan A2, trombin, dysfunkéni endotel)
Turbulentni proudéni
Bifurkacni stendzy, excentrické platy
Zpomaleni toku po intervencich (rezidualni disekce)
Systémové faktory cirkulujici krve
Metabolické ¢i hormonalni faktory
Dyslipidémie (hypertriglyceridémie, zvysené hladiny LDL cholesterolu,
oxidovany LDL cholesterol, snizeny HDL cholesterol, lipoprotein A)
Diabetes mellitus (glykosylace)
Katecholaminy (koufeni, stres, kokain)
Systém renin-angiotensin
Plazmatické slozky hemostazy
Tkanovy faktor - TF, faktor VII - fVII, fibrinogen, trombin, inhibitor
plazminogenového aktivatoru 1 — PAI 1, inhibitor tkanového faktoru —
TFPI
Infekce (Chlamydia pneumonie, Cytomegalovirus, Helicobacter pylori)
Bunécné slozky krve (monocyty, leukocyty)

Tabulka 1: Wirchovova trias — faktory trombogenicity

1.5.1.1. Trombogenni substrat zavisly na ruptuie platu
Jak vyplyva z Tabulky 1, expozice aterogennich hmot z prasklého aterosklerotického
platu je pro vznik arteridlniho trombu klicova. Platy jsou vSak velmi heterogenni a to 1 v rdmci

nalezi u jednotlivce, odpovidajici individualnimu stupni progrese aterosklerézy — Obr. 2.



Obr.2. Aterotromboza: riznorodd smés chronickych a akutnich trombotickych zmén. Pri¢ny fez tepennou
bifurkaci zobrazuje na kolagen bohaty (modfe) plat v ramus circumflexus (vlevo) a na lipidy bohaty praskly
ateroskleroticky plat s neokluzivni trombozou nasedajici v bo¢ni vétvi (vpravo). C = kontrastni latka v lumen; Ca
= kalcifikace; T = tromboza. Prevzato z Falk E, Prediman S, Fuster V. Coronary plaque disruption. Circulation
1995;92:657-71.

Je znamo, ze sloZeni platu je odpovédné za jeho vulnerabilitu a tim je pfimo spojeno
s rozvojem akutniho koronarniho syndromu pfi jeho ruptuie. Nejéastéji se jedna o platy
s vysokym obsahem lipidt. Jejich trombogenicita je navic modulovana obsahem tkanového
faktoru, ktery je pfitomen v oblastech s velkou infiltraci makrofagy (Toschi et al 1997,

Marmur et al. 1996).

1.5.1.2. Rheologické poméry a trombéza
Stupen stendzy a zména geometrie uvnitt tepny po ruptufe platu ovlivituje rychlost
pratoku, kdy jeho zpomaleni pfispiva k akutnimu ukladani destickovych depozit a tim dalsi

progresi okluze. Tak dochézi k dal§imu omezeni pritoku tepnou. VétSina desti¢ek se uklada



na vrcholu prasklého platu, kde diky zméné geometrie jsou nejvétsi stiizné sily (Frojmovic et
al. 2002). Navic rychla tvorba trombu vede k vazokonstrikci na zaklad¢€ uvolnéni serotoninu

a tromboxanu A2 z trombocytl (Willerson et al. 1989).

1.5.1.3. Systémova prokoagulacni aktivita

Jak jiz bylo zminéno, pfiblizné€ u tfetiny intrakoronarnich tromboéz se jedna o vznik
trombdzy na povrchovych erozich plati. Vznik téchto trombt je tedy zavisly na systémovych
prokoagulaénich vlastnostech krve v ramci hyperkoagulacniho stavu (Fuster ef al. 1992). Na
systémové prokoagulaéni aktivité se podileji dva zédkladni mechanizmy: rizikové faktory a
cirkulujici tkanovy faktor.

Na zvysené trombogenicité krve se vyznamné spolupodileji zmény v lipidovém
metabolizmu, koufeni cigaret, hyperglykémie, hemostaza a fada dalSich rizikovych faktori
(Rauch et al. 2001, Kullo et al. 2000, Edelberg et al. 2001). Zvysené hladiny LDL
cholesterolu zvySuji trombogenicitu krve a naristani trombu (Rauch et al. 2000). Koufeni
zvySuje hladinu cirkulujicich katecholaminti, vede k aktivaci trombocytl a zvySuje hladiny
fibrinogenu (Miller 1992). ZvySena trombogenicita krve je popisovana u nemocnych se
Spatn€ kompenzovanym diabetem (Meigs et al. 2000). Soucasné prace ukazuji, ze zvySené
hladiny LDL cholesterolu, koufeni a diabetes mohou tvofit spole¢nou patofyziologickou osu.
Spole¢nym jmenovatelem by mohla byt aktivace leukocyto-trombocytarnich interakci
spojenych s uvolnénim tkanového faktoru a vysledné trombinové aktivace (Sambola et al.
2003).

Otézka cirkulujiciho tkanového faktoru jako druhého mechanizmu, ktery se uplatiiuje

v systémové prokoagulaéni aktivité, je tématem této dizertacni prace.



1.6.  Tkanovy faktor
1.6.1. Koagula¢ni kaskada
Cirkulujici krev je kapalina, ale jakmile unikne z poranéné cévy, rychle se srazi a tim
zabranuje dalS$im krevnim ztratam. Na druhé stran¢ mize dojit k patologické aktivaci srazeni
krve uvnitt cév. Dtsledky v koronarnim fecisti byly diskutovany v predeslych odstavcich.
Schopnost krve rychle se srazit je jeji fundamentalni vlastnosti a byla pfedmétem
obsahlého védeckého zkoumani. Za desitky let védci identifikovali mnozstvi plazmatickych
proteint, které se ucastni na tvorbé krevni srazeniny. Prilomem bylo postulovani kaskadové
hypotézy, jejiz autofi poprvé prokdzali, ze srazeni je kaskadovity d¢j, sestavajici se z nékolika
aktiva¢nich kroki, kdy kazdy je umoznén proteolytickou konverzi zymogenu na odpovidajici
aktivni serinovou protedzu (Davie, Ratnoff 1964, Mac Farlane 1964). Cela slozita kaskada je
zobrazena na Obr. 3
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Obr.3 Schéma koagula¢ni kaskady

TFPI = tissue factor pathway inhibitor, Ca®" = kalciové ionty, F = koagula¢ni faktory, Fa = aktivované
koagulac¢ni faktory, PAI-1 = plazminogen activator inhibitor 1, t-PA = tissue plasminogen activator, u-PA =
urokinase plasminogen activator, FDP = fibrin degradac¢ni produkty, TF = tkanovy faktor,

PF3 = platelet factor 3.

Existuji dve cesty aktivace koagulacni kaskady: vnitini (kontaktni) a vn&jsi, kde
ustiedni roli hraje tkanovy faktor. Vnitini (kontaktni) se tak nazyva, protoze je vnitini
vlastnosti plazmy. Projevi se sraZzenim, kdyz krev ¢i plazmu umistime do sklenéné trubicky.
Kontaktni je ptesnéjsi ndzev, protoze je aktivovana kontaktem krve ¢i plazmy s umelym
povrchem, kupiikladu sklem. Kontaktni cesta aktivace se jevi v normalni hemostdze jako
nedtlezita, nebot’ nemocni s kompletné nefunkéni kontaktni cestou aktivace (diky tézkym
vrozenym defektim nékterého z kontaktnich faktorti, naptiklad faktoru XII) netrpi Zadnymi
klinickymi projevy krvaceni. Vnéjsi cesta (cesta tkanového faktoru) se aktivuje, kdyZz se krev
dostane do kontaktu s buitkami exprimujicimi tkaniovy faktor. Dojde k vazbé tkanového
faktoru s faktorem VII (respektive jeho aktivni formou VlIIa) a tim ke spusténi koagulacni

kaskady.

1.6.2. Aktivace koagula¢ni kaskady tkaniovym faktorem

Prvni enzym v koagulacni kaskadé se sklada ze dvou podjednotek: serinové proteazy =
koagulacéni faktor VII a proteinového kofaktoru = tkanovy faktor. Tento enzym je dik tomu,
ze tkanovy faktor je integralni soucasti lipidové membrany, pevné navazan k bunécnému
povrchu. Samotny volny aktivovany faktor VII (VIla) je slabym enzymem, ale v okamziku,
kdy se navaze na tkanovy faktor, stava se nejsilnéjSim aktivatorem koagulacni kaskady.

Vsechny serinové protedzy koagulacni kaskady (vcetné faktoru VII) cirkuluji v plazmé
ve form¢ inertnich zymogenti. Navic vétSina kofaktora se vyskytuje v plazmé ve formé
inertnich prekurzort (vyjimkou je pravé tkanovy faktor; ke své aktivaci nepotiebuje

proteolyzu). Mnoho let tedy nebylo zfejmé, jak se mize aktivovat koagulacni kaskada



pouhym shromézdénim inertnich prekurzorti. Nakonec byla nalezena odpovéd’: v cirkulaci je
vzdy pritomno malé mnozstvi aktivované¢ho faktoru VII (VIla). Samotny plazmaticky polocas
vétSiny serinovych proteaz je velmi kratky — fadoveé méfeny v sekundach. Vyjimkou je prave
volny cirkulujici faktor VIIa diky tomu, Ze nereaguje s proteazovymi inhibitory v plazmé
(Kondo, Kisiel 1987). Tkanovy faktor miize vazat jak faktor VII, tak faktor VIla. Jakmile je
faktor VII navazan na tkanovy faktor, dochazi k jeho proteolyze na faktor VIla (Nemerson,
Repke 1985). Jsou tedy dvé cesty vzniku komplexu tkanovy faktor/faktor VIla. Jedna je piima
vazba aktivovaného faktoru VlIla cirkulujiciho v plazmé na tkanovy faktor, druha je vazba

neaktivniho faktoru VII na tkanovy faktor a jeho sekundarni aktivace — Obr 4.
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Obr 4: Dvé cesty formace komplexu tkanového faktoru a aktivovaného faktoru VII (TF:VIla). Plazma obsahuje
smés priblizné 99% zymogenni formy faktoru VII (VII) a pfiblizn€ 1% aktivni formy faktoru (VIla). Obé formy
se reverzibiln€ vazi na tkanovy faktor se stejnou afinitou. Zymogenni forma je na aktivni formu $t€pena riznymi
protedazami v plazmé a po vazbé na tkanovy faktor je faktor VII omezenou proteolyzou ihned aktivovan.

Komplex tkanovy faktor/faktor VIla mize spoustét koagulaéni kaskadu dvéma
zpusoby. Prvnim mechanizmus spociva v aktivaci faktoru IX omezenou proteolyzou. Nové
vytvofeny aktivovany faktor IX (IXa) se na fosfolipidovém povrchu spoji se svym
kofaktorem, aktivovanym faktorem VIII (VIIIa) a vytvoieny komplex IXa/VIIla nasledné
katalyzuje konverzi faktoru X na aktivovany faktor Xa. Druhym mechanizmem je pfima

aktivace faktoru X. Tato cesta aktivace probihd hlavné v podminkéch in vitro — Obr. 5.



Tyto poznatky nas vraceji zpét k otdzce inicializace koagulacni kaskady. To znamena:
odkud pochazi prvni protedzova aktivita, jestlize vSechny enzymy a jejich kofaktory cirkuluji
ve form¢ neaktivnich prekurzora? Jak bylo zminéno vySe, v krvi nachazime stopova mnozstvi
aktivovaného faktoru VII (VIla), tvorici ptiblizné 1% celkové koncentrace faktoru VII
(Morrissey et al. 1993). Jakmile se tedy dostane tkanovy faktor do kontaktu s plazmou, tvoti
komplex jak s faktorem VII, tak s faktorem VIla. Tyto nizké hladiny komplexu tkanovy
faktor/faktor VIla jsou patrné prave spoustécim mechanizmem cestou zpétné aktivace faktoru
VII na aktivni faktor VIIa. V podminkach in vitro byla identifikovana celd fada koagula¢nich
proteaz schopnych aktivovat faktor VII: faktory [Xa, Xa a Xlla, trombin a plazmin. Navic je
schopen komplex tkanovy faktor/faktor VIla autoaktivacni reakce faktoru VII ve vazbé
komplexu tkanovy faktor/faktor VII (Neuenschwander et al. 1993). Dosud neni piesné
znamo, ktera z vySe uvedenych protedz hraje hlavni tlohu v aktivaci faktoru VII zpétnym
mechanizmem, ale vétSina autorti se kloni ke kli¢ové tloze faktoru Xa. TéZ neni piesné
znamo, kde ¢i jak se tvoii toto malé mnoZstvi faktoru VIIa. Reseni viak napovida studium
nemocnych s hemofilii B (postradajicich faktor IX), kdy jejich hladiny faktoru VIla tvoii
pouze ptiblizné 10% normalu (Wildgoose et al. 1992). Tento poznatek naznacuje, ze faktor
IX (hlavné v aktivované form¢ 1Xa) se vyznamn¢ ucastni na tvorbé tohoto stopového

mnozstvi cirkulujiciho faktoru Vlla.
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Obr. 5 Zjednodusené schéma koagulacni kaskady zahajené tkanovym faktorem (TF) a aktivovanym faktorem
VII (TF:VIIa). Komplex TF:VIla miize aktivovat koagulacni kaskadu bud’ aktivaci faktoru IX (reakce 1), nebo
faktoru X (reakce 2). Nezavisle na mechanizmu iniciace, v§echny aktivacni cesty vedou k tvorbé aktivovaného
faktoru X (Xa), ktery reaguje na fosfolipidovém povrchu (PL) se svym proteinovym kofaktorem (Va) a
katalyzuje konverzi protrombinu na trombin, ktery je zodpovédny za konverzi fibrinogenu na fibrin. Navic
trombin je silnym aktivatorem krevnich desticek.



1.7. Endotelialni dysfunkce a cytoadhezivni molekuly

Cely proces aterogeneze zacind jako porucha funkce endotelu (endotelialni
mitogenni a kontraktilni charakteristiky cévni stény a téZ hemostatické procesy uvniti cévy
(Bonetti et al. 2003). Za tyto procesy je zodpové€dna molekula oxidu dusnatého (NO) (Ignarro
2004).

Dysfunkce endotelu, charakterizovana poklesem syntézy NO, vede ke zvySené
propustnosti cévni stény, oxidaci cirkulujicich lipoproteint, prinikem monocytil a zdnétem,
proliferaci hladkych svalovych buné€k, depozity extracelularni matrix, vazokonstrikei a
protrombotickym stavem uvnitt cévniho lumen (Voetsch ef al. 2004). Endotelialni bunky
odpovidaji na oscilace stfiznych sil, které jsou zpisobeny zménou laminarniho proudéni na
turbulentni, zménami v expresi riznych geni. Pravdépodobny mechanizmus této genové
modulace je zprostfedkovan ptes elementy, reagujici pfimo na tuto zménu, které nasledné
ovliviiuji genovou expresi (Malek et al. 1999). Aktivace endotelovych bun¢k vede k expresi
tzv. cytoadhezivnich molekul (CAM) ze skupiny selektint (P-selektin, E-selektin). Tyto
proteiny umoziuji vazbu monocytl na povrch aktivovanych endotelidlnich bunék. Exprese
selektint je regulovana transkripnim nuklearnim faktorem (TNF«k-B) s naslednou expresi
dalSich CAM (ICAM-1 = intercellular cytoadhesive molecule, VCAM-1 = vascular
cytoadhesive molecule) (De Caterina et al. 2001). Tyto cytoadhezivni molekuly umoziuji
prunik adherovanych monocyta pfes endotelovou membranu do cévni stény a tim pfispivaji

aterogenezi - Obr. 6.
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Obr. 6 Dysfunkéni endotel s turbulentnim proudénim krve, depozity LDL cholesterolu, expresi
cytoadhezivnich molekul, migraci makrofagi, tkanového faktoru a metaloproteinaz matrix vedouci k proliferaci
hladkych svalovych bun¢k a neovaskularizaci vasa vasorum. LDL = low density lipoproteins, CAMs =
cytoadhesive molecules, TF = tissue factor, TXA, = tromboxan A,, PAI-1 = plasminogen activator inhibitor 1,
SMC = smooth muscle cell, PDGF = platelet derived growth factor. Pfevzato z Falk E, Prediman S, Fuster V.
Coronary plaque disruption. Circulation 1995;92:657-71.

1.8. Mikropartikule

Buiiky v klidovém stavu zachovavaji membranovou asymetrii — cholinfosfolipidy
(sfyngomyelin a fosfatidylcholin) jsou na vnéj$im povrchu membran, zatimco vétSina
aminofosfolipidii (fosfatidylserin a fosfatidyletanolamin) jsou skryty na vnitini strané. Tato
asymetrie je ATP dependentni aktivni proces. Po aktivaci bunék ¢i jejich apoptoze a
nasledném vzestupu koncentrace intracelularniho vapniku dojde ke ztrat¢ této asymetrie. To
vede k pfesunu fosfatidylserinu na povrch buiiky, coz nasledné vede ke zvySené nachylnosti

téchto bun¢k k fagocytdéze makrofagy (Piomelli, Seaman 1993). Ztrata membranové lipidové



asymetrie béhem bunécné aktivace ¢i apoptdzy je doprovazena oddélovanim mikropartikuli

z bunééného povrchu. Mikropartikule jsou uvoliiovany z riznych typt bun¢k (trombocyti, T
a B lymfocytli, monocytu, erytrocytll) a z bunék cévni stény (endotelidlnich bun¢k a bunék
hladkého svalstva) (Zwaal, Schroit 1997, Miyazaki et al. 1996). Na svém povrchu pak
mikropartikule exprimuji charakteristické antigeny bun¢k svého ptivodu, coz umoziuje jejich
specifickou detekci.

Morfologicky jsou mikropartikule malé vezikuly (< 1um) Apoptdza, na rozdil od
bunécéné nekrozy, je fyziologicky naprogramovana bunééna smrt, ktera je aktivovana ¢i
suprimovana intracelularnimi bunéénymi pochody jako odpovéd’ na extracelularni podnéty
okolnich bungk ¢i samotné intraceluldrni podnéty. Zakladni rozdil mezi mikropartikulemi
uvoliovanymi béhem apoptdzy a béhem aktivace bunék spociva v pfitomnosti, respektive
absenci DNA. Na rozdil od mikropartikuli uvoliiovanych béhem apopt6zy, mikropartikule
uvolnované béhem aktivace bun¢k (typicky pti procesu aterotromb6zy) DNA neobsahuji
(Hristov et al. 2004). Dal$im rozdilem mezi apoptdzou a buné¢nou aktivaci z hlediska
mikropartikuli spociva ve faktu, Ze pfi aktivaci bun¢k se mikropartikule syntetizuji.

Bylo potvrzeno, ze tvorba trombocytarnich mikropartikuli je vysledkem zvySeni
intracelularni koncentrace vapniku (Pasquet ef al. 1996) a soucasné expozice prokoagulac¢nich
fosfolipidii jak na povrchu mikropartikuli, tak na povrchu aktivovanych trombocyti
(Comfurius ef al. 1990, Thiagarajan, Tait 1991) po stimulaci trombocytl napiiklad kombinaci
trombinu a kolagenu.

DalSimi buitkami schopnymi exprimovat mikropartikule jsou endotelidlni bunky.
Stimula¢nimi faktory jsou tumor necrosis factor a dalsi cytokiny, bakterialni
lypopolysacharidy ¢i proteiny komplementu (Bomeli ef al. 1997, Hamilton et al. 1990).

Monocyty po stimulaci lypopolysacharidy uvoliiuji mikropartikule a téz na svém

povrchu exprimuji tkaiiovy faktor, CD 14 a alfa , integriny. VSechny tyto faktory mohou



prispivat k iniciaci koagulac¢ni kaskady a integrin-dependentnich adheznich reakci (Robinson,
Stephens 1992, Satta et al. 1994).

Produkce mikropartikuli je rovnéz indukovana zménami v prutoku krve naptiklad pti
turbulentnim proudéni za stendzou, coz zptusobuje aktivaci krevnich desticek a naslednou

akumulaci mikropartikuli derivovanych z trombocytd (Holme et al. 1997).

1.8.1. Mikropartikule a aterotrombdza

Mikropartikule generované z aktivovanych trombocytt na svém fosfolipidovém
povrchu tvofi vazebné misto pro aktivované faktory Va, VIlla, [Xa, Xa. Tim ziskavaji
mikropartikule prokoagulaéni vlastnosti (Gilbert et al. 1991, Hoffman ez al. 1992). Uloha ve
fyziologii koagulace je dokumentovéna faktem, Ze deficience trombocytarnich mikropartikuli
vede ke krvacivym projevim (Castaman et al. 1997). Trombocytarni mikropartikule se vazi
na subendotelilni matrix a adheruji k trombinem aktivovanym endotelidlnim buiikkdm. Zde,
pravdépodobné expozici glykoproteint IIb/I1Ia na svém povrchu, umoziuji adhezi a agregaci
trombocytt (Siljander ef al. 1996, Holme et al. 1998).

Mikropartikule z jinych bunéénych elementt jsou schopny véazat tkanovy faktor, coz
vede pies aktivaci koagulaéni kaskady k vysledné arteridlni tromboze (Morrissey 2001).
Aktivni forma tkanového faktoru vyzaduje ptitomnost fosfatidylserinu, ktery je exprimovan
jak na apoptotickém bunééném povrchu, tak na povrchu mikropartikuli. Tento tkanovy faktor
patrné hraje urcujici roli v tvorbé arterialniho trombu po ruptufe aterosklerotického platu
(Mallat et al. 1999).

Interakce mezi trombocyty a leukocyty (v klinické praxi mozné spojeni mezi
trombo6zou a zanétem) byla in vivo prokdzana na zaklad¢ interakce P-selektinu trombocytl a

P-selektin-glykoproteinové ligandy (PSGL-1) na stran€ mikropartikuli generovanych z



leukocytt (Falati et al. 2003). Krom¢ této pfimé vazby jesté existuje mezi leukocyty a
trombocyty transfer tkanového faktoru (Rauch et al. 2000).

Vyse uvedené fakta svédci pro kli¢ovou ulohu mikropartikuli a tkanového faktoru
v procesu aterotrombdzy a orchestraci simultanné probihajicich trombotickych a zanétlivych

procesti.



2. Cil prace

Intrakoronarni trombdza s naslednou okluzi koronérni tepny je patofyziologickym
substratem akutniho koronarniho syndromu. Tkanovy faktor, mikropartikule a
cytoadhezivni molekuly (spolu s trombocyty) hraji kli¢ovou tlohu v inicidlni fazi tvorby
trombu.

Cilem nasi prace bylo zjistit, zda 1ze tyto patofyziologické poznatky dokumentovat
v lokalni a systémové cirkulaci u nemocnych s angiograficky prokazanou koronarni

nemoci a nalézt jejich korelaci s klinickou manifestaci akutniho koronarniho syndromu.

Konkrétn¢ jsme testovali nasledujici hypotézy:

1. Hladina tkanového faktoru stanovena na zakladé¢ ELISA metody nereflektuje
(vzhledem k jeho mnohocetnym biologickym tlohdm) specifickou trombogenni
aktivitu vyjadienou pii akutnim koronarnim syndromu.

2. Vzhledem k nespecificnosti ELISA metody nelze nalézt patofyziologicky
zdtvodnitelné korelace mezi koncentracemi jednotlivych selektinti a koncentraci
cytoadhezivni molekuly ICAM-1 stanovené touto metodou u nemocnych se stabilni
anginou pectoris a u nemocnych s akutnim koronarnim syndromem.

3. Hladiny tkanového faktoru stanovené na zaklad¢ jeho aktivity, kterd koreluje
specificky s jeho trombotickym potencidlem, koresponduje s vyjadienym klinickymi
parametry.

4. Zména poctu mikropartikuli, které jsou zdrojem aktivniho tkanového faktoru

v procesu aterotrombodzy, koresponduje se zménami v jeho aktivite.



3. Metodologické aspekty a vysledky

Vzhledem k tomu, Ze v nasi préaci spolu ¢ast metodologicka a ¢ast zahrnujici vysledky
uzce souviseji (a ¢astecné se i piekryvaji), jsou zde ob¢ diskutovany zaroveil. Detaily
pouzitych metod, vCetné statistického zpracovani jsou rozvedeny v piisluSnych ptilohach. Zde
jsou podrobnéji zminény hlavné dva aspekty vyznamné z hlediska stanoveni tkaiiového
faktoru — heterogenita vysledkl pti pouziti ELISA metody a otdzka metody méteni tkanového
faktoru na zakladé€ jeho aktivity ve vztahu k trombogennimu potencidlu pfitomnému v
plazmé.

Préce je rozdélena do dvou casti (ptiloha 1 a ptiloha 2). Druhd ¢ast prace byla
koncipovana na zaklade vysledk zjisténych v prvni ¢asti.

Vyzkum probihal na 2. I¢kaiské fakulté Univerzity Karlovy v Praze a byl schvalen lokalni
etickou komisi. VSichni nemocni podepsali informovany souhlas se vstupem do studie a

provadénymi vykony.

3.1. Stanoveni hladiny tkanového faktoru na zikladé méreni antigenu

V poslednich letech bylo publikovdno n¢kolik praci zamétenych na otdzku zmény
koncentrace tkanového faktoru u akutniho koronarniho syndromu. Hladiny byly stanoveny na
zéklad¢ ELISA metody. Tyto prace jsou nadale citovany v pisemnictvi, byt’ jejich vysledky
nejsou konzistentni.

V roce 1998 byla publikovana prace (Misumi et al. 1998), zahrnujici 21 nemocnych
s nestabilni anginou pectoris, 27 nemocnych se stabilni anginou pectoris a 27 kontrolnich
vzorkl. Hladiny antigenu tkédniového faktoru byly ve skupiné nestabilni anginy pectoris

240475 pg/ml, ve skupiné stabilni anginy pectoris 184+ 46 pg/ml a v kontrolni skupiné



177437 pg/ml (p<0.01). Nebyl nalezen rozdil mezi kontrolni skupinou a skupinou se stabilni
anginou pectoris.

Casto citovanou praci je publikace z roku 1999 (Soejima et al. 1999), ktera zahrnovala
51 nemocnych s anginou pectoris a jako kontrolni skupina slouzily vzorky u 55 nemocnych
s atypickymi bolestmi na hrudi. Ve skupiné nestabilni anginy pectoris byly hodnoty antigenu
tkanového faktoru 238+54 pg/ml (p<0.001), ve skuping se stabilni anginou pectoris 189+30
pg/ml (p<0.001). V kontrolni skupiné byla hodnota 180430 pg/ml. V samotné diskuzi dané
prace je zminéno, Ze tkanovy faktor v plazmé je smés fragmentd tkanového faktoru
pochazejici jak z apoptdzy riznych bunék, tak z vysoce trombogennich mikropartikuli.

V roce 2000 vysla prace (Falciani et al. 1998), kterd zahrnovala 55 nemocnych
s ischemickou chorobou srde¢ni (18 s nestabilni anginou pectoris, 24 s klidovymi
stenokardiemi a 13 nemocnych po infarktu myokardu). Kontrolni skupina byla tvofena 48
zdravymi dobrovolniky. Hladiny antigenu tkanového faktoru v plazmé byly u nemocnych
s ischemickou chorobou srde¢ni signifikantné zvySeny (median 215.4 pg/ml; rozmezi 72.6 to
834.3 pg/ml; kontrolni skupina: median 142.5 pg/ml; rozmezi 28.0-255.3 pg/ml) (p<0.001).
Prace uzavira, Ze nemocni s ICHS maji v plazmé zvySenou hladinu tkdnového faktoru (pres
extrémni rozptyl hodnot).

V roce 2005 byla publikovéana prace holandskych autort (van der Putten et al. 2005),
ktera zkoumala klinickou konsekvenci stanoveni antigenu tkdnového faktoru jako parametru
pro diagnostiku akutniho koronarniho syndromu. Zahrnovala celkem 90 nemocnych,
pouzivala vysoce senzitivni imunoassay a nasledné¢ zkoumala hladinu tkédnového faktoru.
Vysledek byl negativni — nebyla nalezena korelace mezi akutnim korondrnim syndromem a
vstupni hladinou tkaiiového faktoru.

Dalsi prace z roku 2005 (Ikonomidis ef al. 2005) byla zaméfena na hladinu tkaiiového

faktoru béhem zatézového dobutaminového testu. Autoii uzaviraji, ze nemocni s poruchou



kinetiky pii zatézi méli zvysené hladiny tkaiiového faktoru. Nicméné jiz v editorialu se uvadi,
ze tkanovy faktor byl u nékterych nemocnych s poruchou kinetiky sice lehce zvysen po
zatézi, ale néktetfi nemocni z této skupiny nevykazovali zddnou zménu v hladin¢ tkanového
faktoru. Moznym vysvétlenim je odlisny fenotyp. A opac¢né, n¢ktefi nemocni bez poruchy
kinetiky vykazovali po zatézi dramaticky pokles hladin tkdnového faktoru, zatimco u
n¢kterych nemocnych se hladina neménila. Vysledky tedy vykazuji zna¢nou heterogenitu.
Dokud nebudou tyto otazky zodpovézeny, nelze zatim tkanovy faktor pouzit jako biomarker
ischémie (Christenson et al. 2005).

V letosnim roce byla publikovana AteroGene Study (Morange et al. 2007), zkoumajici
prognosticky vyznam hladin tkanového faktoru a jeho inhibitoru (TFPI) na osud nemocnych
s ischemickou chorobou srde¢ni. Dle publikovanych vysledki se vstupni hladiny tkdniového
faktoru ve skuping se stabilni anginou pectoris a akutnim korondrnim syndromem neliSily.
Hodnoty TFPI signifikantné stoupaly ve skupiné se stabilni anginou pectoris, nestabilni
anginou pectoris a infarktem myokardu. Ti nemocni s akutnim korondrnim syndromem, kteti
méli vstupné vyssi hodnotu tkanového faktoru, v§ak méli horsi prognozu se zvySenym
rizikem kardiovaskularniho umrti po dobu dvouletého sledovani.

Tyto vysledky z literatury ukazuji na limitace stanoveni hladiny tkanového faktoru
vyplyvajici ze samé podstaty pouzité ELISA metody, kdy jakékoliv proteinové struktury
majici strukturou podobnou tkanovému faktoru (tedy i jeho fragmenty) jsou identifikovany

protilatkou a tedy nevypovidaji nic o jeho samotném trombogennim potencialu.

3.1.1. Vlastni vysledky

V prvni ¢asti nasi prace (viz piiloha 1) jsme se zabyvali otdzkou, zda 1ze u nemocnych

s akutnim koronarnim syndromem nalézt korelaci mezi klinickou manifestaci ischemické



choroby srde¢ni a hodnotami tkanového faktoru, inhibitoru tkanového faktoru (TFPI),
hladinami P a E selektinu a cytoadhezivni molekulou ICAM-1. Celkem jsme v této fazi
vysettili 50 nemocnych a 10 nemocnych bez angiograficky dokumentované koronarni nemoci
vysledki, kdy se hodnoty koncentrace tkanového faktoru mezi jednotlivymi podskupinami
neliSily (Graf 1). V souhlase s literarnimi daty jedinym signifikantné zvySenym parametrem
ve vztahu ke klinické manifestaci ischemické choroby srdecni byl TFPI, jehoz hodnota byla
nejvyssi v podskupiné s akutnim infarktem myokardu a nejnizsi u kontrolni podskupiny (Graf
2). Ztejmé je to dano tim, ze TFPI se (na rozdil od tkanového faktoru) netiCastni dalSich
biologickych procesti a je tedy pro proces trombozy specificky. Jeho koncentrace dobie

koreluje s jeho biologickou funkci.
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Graf 1: Koncentrace tkaiiového faktoru stanovené na zdkladé ELISA metody
v jednotlivych podskupinach. Vysledky se od kontrolni skupiny statisticky nelisi
(p=ns).

SAP stabilni angina pectoris; NAP nestabilni angina pectoris; AIM akutni infarkt

myokardu.
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Graf 2: Koncentrace TFPI stanovené na zakladé ELISA metody v jednotlivych
podskupinach. Vysledky se od kontrolni skupiny statisticky 1isi na hladiné
vyznamnosti p< <0.05 (*), respektive 0.01 (**).

TFPI tissue factor pathway inhibitor; SAP stabilni angina pectoris; NAP nestabilni

angina pectoris; AIM akutni infarkt myokardu.

V prvni ¢asti nasi prace se tedy nepodaftilo prokazat rozdily v hladin¢ tkanového
faktoru v plazmé¢. Vysvétleni je mozné troji:
a) zadné rozdily v hladiné¢ tkanového faktoru v plazmé realné neexistuji
b) tkéanovy faktor v plazmé vykazuje takovou heterogenitu a interindividualni
variabilitu, Ze nelze na zéklad¢ jeho méteni predikovat rozdily v ramci
jednotlivych klinickych manifestaci ischemické choroby srdecni
c) ELISA metoda neni vhodna pro stanoveni specifického trombogenniho

potencidlu cirkulujiciho tkanového faktoru

Na dané otazky jsme se pokusili odpovédet ve druhé casti nasi prace.



3.2 Stanoveni hladiny tkanového faktoru na zakladé méreni aktivity

Vzhledem k vySe uvedené heterogenité vysledkii jsme se rozhodli v druhé ¢asti nasi
prace zaméfit na zjisténi potencialnich rozdilt hladiny tkaiiového faktoru (pokud existuji)
u dals$iho souboru nemocnych pii pouziti metody, ktera je schopna métit schopnost
tkanového faktoru indukovat tvorbu faktoru Xa a tim tedy specificky podchytit jeho
trombogenni potencial. Metoda spoc¢iva na chromatografickém principu, ktery se 1isi od
metody stanoveni antigenu na zéklad¢ protilatek. Princip metody spociva v simulaci
koagula¢niho procesu, znamého z experimenti. Po dvoji centrifugaci (nejprve celé krve a
nasledné plazmy) rychlosti tfi tisice otacek po dobu 15 minut ziskdme plazmu, ktera jiz
neobsahuje trombocyty. Ty jsou hlavnim zdrojem potencidlnich faleSnych vysledkt
(vzhledem ke své schopnosti se aktivovat kontaktem a néaslednou degranulaci s uvolnénim
mikropartikuli). Takto pfipravené vzorky se nasledné zpracuji pfidanim do roztoku, ktery
obsahuje 5 nM faktoru VIla, 150 nM faktoru X a 1 mM CaCL,. Tato smé&s je pienesena na
titrovaci desticku. Do této smési je ptidano 0.3 mM chromogenniho substratu -
Spectrozyme fXa. Pfitomnosti aktivovaného faktoru Xa (ktera je dana probéhlou reakci
tkanovy faktor/faktor VIla + faktor X na titrovaci desti¢ce) se zméni jeho chromogenni
vlastnosti. Zaznamenavaji se linearni zmény adsorbance, vyjadiené v mOD/min. Tyto
zmény piimo koreluji s mnoZzstvim vytvotreného faktoru Xa a tim odpovidaji aktivité
tkanového faktoru, ktery tuto tvorbu podminuje. Nejedna se tedy o pfimé stanoveni
hladiny tkanového faktoru, ale o relativni srovnani jeho aktivity vyjadfené schopnosti

Stépit faktor X na aktivovany faktor Xa (Giesen et al. 1999, André et al. 2000).



3.2.1. Vlastni vysledky

Na zakladé vySe uvedenych fakt jsme koncipovali druhou ¢ast nasi prace. Ve Ctyfech
skupinach — vySetfovani s normalni koronarni angiografii jako kontrolni skupina (n=10),
skupiné se stabilni anginou pectoris (n=10), skupin¢ s nestabilni anginou pectoris (n=10) a
skupin€ s akutnim infarktem myokardu (n=10) — jsme stanovili aktivitu tkanového faktoru
a pocet mikropartikuli. Aktivita byla stanovena na zaklad¢ diive popsané metody a pocet
mikropartikuli na zakladé pritokové cytometrie. Hladinu P-selektinu jsme v této Casti
nestanovovali, nebot’ z prvni ¢asti bylo ziejmé, ze ELISA metodou nejsme schopni
detekovat vyznamné rozdily (viz ptiloha 1). Odbéry a dalsi charakteristiky souboru jsou

uvedeny v pfiloze 2. Zde jsou kratce diskutovany vysledky (Graf 3, 4).
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Graf 3:  Koncentrace tkdnového faktoru stanovené na zékladé ELISA metody
v jednotlivych podskupinach.
SAP stabilni angina pectoris; NAP nestabilni angina pectoris; AIM akutni infarkt

myokardu.
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Graf4:  Hodnoty aktivity tkanového faktoru stanovené na zdklad€ méfeni
chromogennich substratii v jednotlivych podskupinach.
SAP stabilni angina pectoris; NAP nestabilni angina pectoris; AIM akutni infarkt

myokardu.

Z grafu 3 vyplyva, ze jsme v naSem druhém souboru opét nenalezli rozdily
v koncentraci antigenu tkanového faktoru, coz potvrzuje vysledky z prvni ¢asti prace.
Nicméné graf 4 ukazuje statisticky vyznamné rozdily v aktivité tkanového faktoru a to
opacné, nez jsme piedpokladali. V literarnim tivodu jsme jiz uvedli, ze dosud publikované
prace bud’ zadné rozdily v koncentraci tkanového faktoru nenalezly, nebo nalezly u
akutnich koronarnich syndromt koncentrace zvysené. V této ¢asti nasi prace jsme zjistili,
ze aktivita tkanového faktoru se s tizi klinického obrazu akutniho koronarniho syndromu

v plazmé snizovala. Toto pfekvapivé zjisténi ma mozné patofyziologické vysvétleni



v jeho konzumpci z plazmy a inkorporaci do vznikajiciho trombu u akutniho koronarniho
syndromu (rozsah tromb6zy u akutniho infarktu myokardu s ST elevacemi je vétsi nez u
nestabilni anginy pectoris a aktivita proto nizsi). Aktivita tkanového faktoru se mezi
podskupinou se stabilni anginou pectoris a kontrolni podskupinou nelisila. Tento nalez je
opét konzistentni, nebot’ u nemocnych se stabilni anginou pectoris neni trombdza (jako

substrat akutniho koronarniho syndromu) pfitomna.

3.3. Trombogenni mikropartikule, P-selektin, PSGL-1

Tkanovy faktor, ktery ma specificky trombogenni potencidl, je v plazmé vdzan na
cirkulujici mikropartikule. Jak bylo zminéno vySe, zdrojem mikropartikuli v plazmé jsou
bud’ apoptotické buiiky, nebo stimulované trombocyty, leukocyty ¢i monocyty. Otazkou
je, co vede k této stimulaci. V tomto procesu aktivace hraje tstfedni roli P-selektin a jeho
receptor, PSGL-1 (P-selektin glycoprotein ligand-1). P-selektin je ¢len skupiny selektinti a
je lokalizovan na membrané a-granul trombocytli a na Weibel-Paladiho téliskach
endotelidlnich bun¢k (Mc Ever 2001). P-selektin usnadiiuje adhezi leukocyt
s aktivovanymi trombocyty ve vznikajicim trombu (Palabrica et al. 1992), ¢i
s aktivovanymi endotelidlnimi bunikami, kde umoziuje tzv. rolling leukocytt po jejich
povrchu (Mayadas et al. 1993). Solubilni forma P-selektinu pfitomnd v plazmé (Dunlop
et al. 1992) je Castecné aktivni, nebot’ obsahuje domény nutné k vazbé na jeho receptor
PSGL-1. Mechanizmus, kterym P-selektin vede k tvorbé mikropartikuli obsahujicich
tkanovy faktor neni pfesn¢ znam. Patrné€ se jedna o jeho vazbu na PSGL-1 pfitomny na
stran¢ leukocytl. Vazba P-selektinu na tento receptor iniciuje intracelularni aktivaci,

vedouci k produkci vySe zminénych mikropartikuli (Hrachovinova et al. 2003). Monocyty



jsou k produkei tkanového faktoru stimulovany kromé P-selektinu (Celi ef al. 1994) téz
riznymi zanétlivymi mediatory (Gregory et al. 1989).
3.3.1. Vlastni vysledky

K potvrzeni nalezu snizené aktivity tkanového faktoru na zaklad¢ jeho predpokladané
konzumpce trombem jsme stanovili pocet mikropartikuli ve vzorcich z jednotlivych
skupin pomoci pritokové cytometrie. Nalezli jsme snizeny pocet mikropartikuli u
akutniho koronarniho syndromu, coz je konzistentni s vyse uvedenym nalezem aktivity

tkanového faktoru (Graf 5).

Pocet mikropartikuli v plazmé

600- 520 532

kontrola SAP NAP AIM

Graf 5: Pocet mikropartikuli stanoveny na zakladé priitokové cytometrie
SAP stabilni angina pectoris; NAP nestabilni angina pectoris; AIM akutni infarkt

myokardu; (* p<0.05 v porovnani s kontrolni skupinou).



4. Souhrn a zavér

Na pocatku prace jsme postulovali celkem Ctyti hypotézy:

1. Hladina tkanového faktoru stanovend na zdkladé ELISA metody nereflektuje
(vzhledem k jeho mnohocetnym biologickym uloham) specifickou trombogenni aktivitu
vyjadienou pri akutnim korondarnim syndromu.

Dle nasich vysledki se koncentrace nelisi. Celkem bylo vySetfeno 100 vzorki (60 v prvni
¢asti a 40 v druhé ¢asti) a neprokézali jsme statisticky vyznamné rozdily. Vysledky zndmé
z literatury jsou heterogenni, v n€kterych byly rozdily nalezeny, v jinych nikoliv. Domnivame
se, ze ELISA metoda neni vhodna ke stanoveni koncentrace tkanového faktoru z hlediska

jeho trombogenniho potencialu.

2. Vzhledem k nespecificnosti ELISA metody nelze nalézt patofyziologicky zditvodnitelné
korelace mezi koncentracemi jednotlivych selektinii a koncentraci cytoadhezivni molekuly
ICAM-1 stanovené touto metodou u nemocnych se stabilni anginou pectoris a u

nemocnych s akutnim korondrnim syndromem.

Nase vysledky nepotvrdily, Ze by existovaly vztahy mezi koncentraci selektini, koncentraci
cytoadhezivni molekuly ICAM-1 a klinickou manifestaci akutniho koronarniho syndromu.
Byt z diskuze a literarnich udaj jsme ocekévali, Ze hladiny P-selektinu pii akutnim

koronarnim syndromu budou stoupat, v nasi praci jsme tento nalez nepotvrdili.

3. Hladiny tkanového faktoru stanovené na zaklade jeho aktivity, ktera koreluje
specificky s jeho trombotickym potencialem, koresponduje s vyjadrenym klinickymi

parametry.



Potvrzeni této hypotézy je zakladnim poselstvim celé prace. Aktivita tkaového faktoru
zaloZena na jeho schopnosti aktivovat faktor X na faktor Xa v plazmé u akutnich koronarnich
syndromi klesa, coz je novy poznatek, dosud v literatuie nepublikovany. Tento nélez je
konzistentni se soucasnymi patofyziologickymi poznatky z oblasti vyzkumu trombdzy a

jejiho priabéhu.

4. Zména poctu mikropartikuli, které jsou zdrojem aktivniho tkanového faktoru v procesu

aterotrombozy, koresponduje se zménami v jeho aktivite.

Pocet mikropartikuli jako zdroje tkanového faktoru, stanoveny pritokovou cytometrii, se
konzistentn€ snizoval se snizujici se aktivitou tkdnového faktoru v plazmé v zavislosti na tizi

klinické manifestace akutniho koronarniho syndromu.

Zavérem lze shrnout, Ze byly nalezeny statisticky vyznamné rozdily v aktivité
tkanového faktoru u nemocnych s akutnim koronarnim syndromem konzistentné
doprovazené zménami v poctu mikropartikuli, jako jeho zdroje. ELISA metoda u
stejného vzorku nemocnych neprokazala zmény v koncentraci antigenu tkanového
faktoru. Aktivita tkanového faktoru s tizi klinického obrazu v plazmé klesala, stejné

tak pocet mikropartikuli, patrné v souvislosti s inkorporaci do vznikajiciho trombu.
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7. Seznam priloh

Tato prace byla prezentovana jako dvé ptivodni prace (ptiloha 1,2) a jedna resSersni
prace (pfiloha 3). Kromé toho byly vysledky prezentovany jako posterova sdéleni na dvou
mezinarodnich kardiologickych kongresech (Great Wall International Congress of

Cardiology 2005, Congress of European Society of Cardiology 2007).
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Summary

The tissue factor plays a crucial role in initiating blood coagulation after plaque rupture in patients with acute coronary
syndrome. It is abundant in atherosclerotic plaques. Moreover, P-selectin, some cytokines, endotoxin and immune
complexes can stimulate monocytes and induce the tissue factor expression on their surface. The aim of the study was
to compare plasma levels of the tissue factor, tissue factor pathway inhibitor, P-selectin, E-selectin and ICAM-1 in
patients with acute myocardial infarction, unstable angina pectoris, stable coronary artery disease and normal control
subjects. In addition, plasma levels of the tissue factor, tissue factor pathway inhibitor, P-selectin, E-selectin and ICAM-
1 were measured in the blood withdrawn from the coronary sinus in a subgroup of patients with unstable angina pectoris
and stable coronary artery disease in which the difference between concentrations in the coronary sinus and systemic
blood was calculated. A significant increase in tissue factor pathway inhibitor plasma levels was detected in patients
with acute myocardial infarction (373.3+£135.1 ng/ml, p<0.01) and unstable angina pectoris (119.6£86.9 ng/ml, p<0.05)
in contrast to the patients with stable coronary artery disease (46.3+37.5 ng/ml) and normal subjects (45.1+14.3 ng/ml).
The plasma levels of tissue factor pathway inhibitor were significantly increased both in the coronary sinus and
systemic blood in the patients with unstable angina pectoris. There was only a non-significant trend to higher plasma
levels of the tissue factor in patients with acute myocardial infarction and unstable angina pectoris as compared to the
patients with stable coronary artery disease and normal subjects, the values being 129.1£30.2 pg/ml, 130.5+57.8 pg/ml,
120.2+45.1 pg/ml and 124.9+31.8 pg/ml, respectively. Plasma levels of soluble P-selectin was only slightly, but non-
significantly higher in patients with unstable angina pectoris and stable coronary artery disease (184.2+85.4 ng/ml and
201.6£67.9 ng/ml, respectively) than in patients with the acute myocardial infarction (157.4+88.4 ng/ml) or normal
subjects (151.4+47.1 ng/ml). The difference in plasma levels of soluble ICAM-1 between the blood withdrawn from the
coronary sinus and systemic circulation correlated significantly with the corresponding difference in plasma levels of
soluble P-selectin and E-selectin. In conclusion, the tissue factor and the tissue factor pathway inhibitor play a crucial
role in the initiation of arterial thrombosis. The tissue factor pathway inhibitor levels are increased both in the systemic
blood and in the coronary sinus of patients with the acute coronary syndrome.
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Introduction

The tissue factor plays a crucial role in the
initiation of blood coagulation after the plaque rupture in
patients with acute coronary syndromes (Rapaport and
Rao 1995). It was well documented that tissue factor is
abundant in atherosclerotic plaques and its contact with
circulating blood after the plaque rupture leads to
activation of the coagulation cascade (Toschi et al. 1997).
Moreover, P-selectin, some cytokines, endotoxin and
immune complexes can stimulate monocytes and induce
the tissue factor expression on their surface (Celi et al.
1994).

The aim of our study was to measure the plasma
levels of the tissue factor, tissue factor pathway inhibitor,
soluble P-selectin, soluble E-selectin and soluble ICAM-
1 in patients with acute myocardial infarction and
unstable angina pectoris and compare them with those
found in a control groups of patients with stable coronary
artery disease and normal healthy subjects.

Patients and Methods

Patients.

Patients who underwent coronary angiography
as candidates for percutaneous transluminal coronary
intervention or coronary bypass surgery were included in
the study. There were patients with a ST segment
elevation due to acute myocardial infarction lasting less
than 12 h in the subgroup A. Subgroup B comprised
patients with class I1Ib unstable angina pectoris according
to Braunwald classification (Braunwald 1989), whereas
patients with chronic stable coronary artery disease were
in subgroup C.

Moreover, a group of healthy young subjects
without history or clinical findings suggesting a presence
of heart disease served as controls (subgroup D). Blood
sampling was performed in all patients from the
peripheral or central vein in the fasting state after at least
30 min at rest.

In addition, samples in subgroup B and C were
withdrawn from the coronary sinus by means of a
catheter (right coronary Amplatz I, Goodal-Lubin or
multipurpose catheter) introduced from the jugular or
femoral vein. A blood sample from systemic circulation
was obtained at the same time. No patient was treated by
unfractionated heparin at the time of sampling.

All patients gave their informed consent and the
study was approved by the Hospital Ethical Committee.

Methods

The sampling of coronary sinus and systemic
circulation blood preceded the coronary angiography.
Blood was collected into a 3.8 % trisodium citrate
anticoagulant solution in the proportion of 9:1. The
sample was then centrifuged at 3000 rpm for 10 min and
the plasma stored frozen.

The plasma level of the tissue factor was
determined by means of the IMUBIND® Tissue Factor
ELISA Kit (American Diagnostica). The kit employs a
murine anti-human tissue factor monoclonal antibody for
antigen capture. Plasma samples were incubated in
microtest wells precoated with capture antibody. Once
the tissue factor was

captured, detected using a

biotinylated antibody fragment that specifically
recognizes the bound tissue factor. The subsequent
binding of horseradish peroxidase conjugated streptavidin
completes the formation of the antibody-enzyme
detection complex. The reaction with added substrate
(perborate/3, 37, 5, 5'-tetramethyl-benzidine) turns blue.
The sensitivity is increased by addition of 0.5 M sulfuric
acid stop solution turning the color to yellow.
Quantitative data were obtained by measuring the
solution absorbance at 450 nm and relating it to the
standard curve. All assays were performed in duplicate.
The plasma levels of the tissue factor pathway inhibitor
was measured using IMUBIND® Total Tissue Factor
Pathway Inhibitor (TFPI) ELISA Kit

Diagnostica). This sandwich immunoassay makes it

(American

possible to quantitate tissue factor pathway inhibitor in
the plasma. It detects both intact and truncated forms of
TFPI as well as complexes with the tissue factor (TF) and
factor VII (TF/VIIa/TFPI). Binary complexes with factor
Xa (TFPI/Xa) and quaternary complexes with tissue
factor, factor Vlla and factor Xa (TF/VIla/TFPI/Xa) are
also recognized by this ELISA kit, but with a slightly
lower sensitivity. The lower limit of detection for this
assay is 0.360 ng TFPI/ml sample. This kit employs a
rabbit inhibitor
polyclonal the capture antibody. Its

anti-human tissue factor pathway
antibody as
specificity for native complexes and truncated antibody
was confirmed by Western blot analysis. Diluted plasma
samples were incubated in micro-test wells precoated
with the capture antibody. Tissue factor pathway inhibitor
is detected using a biotinylated monoclonal antibody
specific for the Kunitz domain 1. The subsequent steps
were identical with those described above.

Human soluble P-selectin was assessed using
Parameter® Human sP-selectin Immunoassay (R&D

Systems). This 1.25 hour solid state ELISA measures
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soluble P-selectin in cell culture supernatants, serum and
plasma. Plasma was collected using citrate as an
anticoagulant and within 30 min centrifuged at 1000 x g.
The kit contains recombinant human soluble P-selectin
and antibodies raised against the recombinant factor. This
assay employs the quantitative sandwich immunoassay
technique.

Similarly, the levels of soluble E-selectin were
determined by means of the Parameter® Human sE-
selectin Immunoassay (R&D Systems) and the levels of
soluble ICAM-1 by means of Parameter® human
SICAM-1 Immunoassay (R&D Systems). All assays were
performed in duplicate.

Differences between the plasma concentrations
in coronary sinus and systemic circulation were
calculated for soluble ICAM-I,
soluble E-selectin, tissue factor and tissue factor pathway

soluble P-selectin,

inhibitor. These differences were expressed as values
relative to their original concentrations in the systemic
blood (CS — SYST)/SYST where CS =
concentrations in the blood drawn from the coronary

plasma

sinus and SYST = plasma concentrations in the peripheral
blood.

+ SEM.
Statistical evaluation included the analysis of variance

Data were expressed as means
and Student's t test for the assessment of differences of
continuous variables. Correlations were analyzed using
linear regression. A p<0.05 value was considered
significant.

Results

Altogether 50 patients and 10 normal subjects
were studied. Ten patients (6 males, 4 females, age
62.343.4 years) with acute
comprised group A. Group B included 23 patients with

myocardial infarction
unstable angina pectoris (17 males, 6 females, mean age
63.618.1 years). Group C consisted of 17 subjects with
stable
4 females, mean age 65.5+9.3 years). The demographic
characteristics are shown in Table 1. There were
10 healthy subjects (2 males, 8 females, age 33.8+8.2
years) in the group D.

chronic ischemic heart disease (13 males,

The plasma levels of tissue factor and tissue
factor pathway inhibitor in the studied groups are shown
in Figures 1 and 2. The subgroups A and B displayed a
significant rise in plasma levels of the tissue factor
pathway inhibitor (Fig. 2). The tissue factor pathway
inhibitor plasma levels was 373.3+135.1 ng/ml, (p<0.01)
in patients with acute myocardial infarction, 119.6+£86.9
ng/ml, (p<0.05) in unstable angina pectoris, 46.3+£37.5

ng/ml in patients with stable coronary artery disease and
45.1£14.3 ng/ml in normal subjects. The plasma levels of
tissue factor pathway inhibitor were significantly
increased both in the coronary sinus and systemic blood

in the patients with unstable angina pectoris.

Table 1. Demographic data about the present cohort

GroupA GroupB GroupC
n= 10 23 17

Males 6 17 13
Females 4 6 4
Previous myocardial

infarction 0 10 9
Angina pectoris

CCs1,2 - - 9
CCs3 - - 1
CCs4 - - 0
Smokers 6 2 1
Diabetes 1 6 7
Hypertension 3 14 8
Hyperlipoproteinemia 4 6 8
Beta-blockers 3 15 6
Ca'" channel blockers 1 3 4
ACE inhibitors 3 6 8
Satins 2 4 2
Antiplatelet drugs 2 18 14
Low molecular weight

heparins 0 7 1

There was only a non-significant trend to higher
plasma levels of tissue factor in patients with acute
myocardial infarction and unstable angina pectoris as
compared to the patients with stable coronary artery
disease and normal subjects, the values being 129.1+£30.2
pg/ml, 130.54£57.8 pg/ml, 120.2+45.1
124.9+31.8 pg/ml, respectively. Plasma levels of soluble
P-selectin was only slightly, but non-significantly higher

pg/ml and

in patients with unstable angina pectoris and stable
coronary artery disease (184.2+£85.4 and 201.6+67.9
ng/ml) than in patients with the acute myocardial
infarction (157.4+88.4 ng/ml) or normal subjects
(151.4447.1 ng/ml). The plasma levels of soluble E-
selectin were 50.2+17.6, 33.2+12.9, 42.0+15.6 and
43.1+11.8 ng/ml, whereas the plasma concentrations of
the soluble ICAM-1 were 308.6+£68.7, 290.0+£72.5,
247.8+54.1 and 303.7438.6 ng/ml in the subgroup A, B,
C and D, respectively.
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Differences in plasma levels between coronary sinus and systemic blood -

unstable angina pectoris
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between coronary sinus and systemic blood plasma

The relative differences in the plasma levels of

ctin,

soluble E-selectin and

sP-selectin

soluble ICAM-1

Fig. 3. Relative differences in the soluble
ICAM-1, soluble P-selectin, soluble
E-selectin, tissue factor and tissue factor
pathway inhibitor between coronary sinus
and  systemic  circulation  plasma
concentrations in patients with unstable
angina pectoris (group B). [TF = tissue
factor; TFPI = tissue factor pathway
inhibitor; ICAM-1 = intercellular adhesion
molecule-1, s= solubleg].

concentrations in patients with unstable angina pectoris
and stable coronary artery disease are shown in Figures 3
and 4. Non-significant tendency to increase plasma levels
of tissue factor, tissue factor pathway inhibitor and
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soluble ICAM-1 were noticed in subgroup B, whereas the
trend to non-significant decrease in coronary sinus
plasma concentration of soluble P-selectin was present in
subgroup C. The coronary sinus — systemic blood
differences in the plasma levels of the soluble ICAM-1

D CS-S sP-selectin (ng/mL)

D CS-§ sE-selectin (ng/mL)

Differences in plasma levels between coronary sinus and systemic blood -
stable angina pectoris

Al

sICAM-1 sP-selectin sE-selectin TF TFPI

CORRELATION BETWEEN CORONARY SINUS AND SYSTENIC
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DIFFERENCES IN PLASMA LEVELS OF sP-SELECTIN AND ICAM-1

200

r=0.56

p<0.05 : .

o
S

-100 A0

|
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were positively related to those of soluble E- and P-
selectin (Figs. 5 and 6). The tissue factor levels in
coronary sinus displayed a trend to an inverse relation to
the levels of soluble P-selectin in coronary sinus (Fig. 7).
The correlation was, however, non-significant.

Fig. 4. Relative differences in the soluble
ICAM-1, soluble P-selectin, soluble
E-selectin, tissue factor and tissue factor
pathway inhibitor between coronary sinus
and systemic circulation  plasma
concentrations in patients with stable
coronary artery disease (group C).

Fig. 5. Correlation between soluble
ICAM-1 and soluble E-selectin differences
between coronary sinus and systemic
blood concentrations. [D CS — S =
differences in plasma levels between
coronary sinus and systemic blood in
ng/ml].

Fig. 6. Correlation between soluble
ICAM-1 and soluble P-selectin differences
between coronary sinus and systemic
blood concentrations.
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CORRELATION BETWEEN CORONARY SINUS AND SYSTEMIC DIFFERENCE

IN PLASMA LEVELS OF sP-SELECTIN AND TISSUE FACTOR

Fig. 7. Correlation between tissue factor

and soluble P-selectin differences between
coronary sinus and systemic blood

concentrations. [D CS — S tissue factor =

difference in plasma levels of the tissue

factor between coronary sinus and
systemic blood in pg/m; D CS - S

sP-selectin = difference in plasma levels of
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Discussion

The tissue factor is a membrane protein
spontaneously expressed in many cells. Its release into
circulating blood is responsible for the activation of
coagulation cascade (Rapaport and Rao 1995). The tissue
factor is present in the subendothelium, and any damage
to the endothelial layer in experimental animal models
et al. 1994).
Although monocytes and endothelial cells do not produce

triggers thrombus formation (Weiss
tissue factor under normal conditions, expression of the
tissue factor on the surface of these cells can be
upregulated under certain circumstances. P-selectin, some
cytokines, endotoxin and immune complexes can
stimulate monocytes and induce tissue factor expression
on their surface (Celi et al. 1994). Thus, the systemic
activation of blood coagulation in patients suffering from
disseminated intravascular coagulation is almost entirely
attributable to the elevated production of tissue factor
(Levi and Ten Cate 1999). Peripheral blood monocytes
express tissue factor when stimulated, and together with
the tissue factor of monocyte-derived macrophages in
arterial plaques (Wilcox et al. 1989) may provide the
primary source of tissue factor in patients with coronary
artery disease. Fibroblasts and smooth muscle cells
within the vessel wall constitutively express tissue factor
and may serve as an additional source (lakhiaev et al.
1999). Atherosclerotic plaques contain a substantial
amount of tissue factor. When exposed to circulating
blood after the plaque rupture it binds to factor Vlla, a
vitamin K-dependent enzyme, which circulates in low
concentration in the blood (Toschi et al. 1997). The

catalytic subunit — factor VIla is a soluble plasma

non-significant] .

protease that forms the first step in the blood clotting
cascade together with the regulatory subunit cell —
surface integral membrane protein — tissue factor
(Morrissey et al. 1997). This complex of factor VIla and
tissue factor subsequently activates factor IX and factor X
and thus initiates the fibrin formation pathway.
Vila
catalyzed activation of factor IX can be inhibited by a

The tissue factor/factor complex
complex formed by tissue factor pathway inhibitor and
factor Xa (Lindhout et al. 1995, Camici and Sagripanti
1999). Successive steps involved in this process are the
following: 1) formation of the factor Vlla/tissue factor
complex; 2) activation of factor Xa; 3) formation of the
TFPI/factor Xa complex; 4) inactivation of tissue factor/
factor VIla complex by the TFPI-factor Xa complex;
5) formation of the reversible quaternary complex
consisting of tissue factor, factor VIla, TFPI and factor
Xa (Camici and Sagripanti 1999).

Tissue factor production by activated
circulating blood particles (Giesen et al. 1999) promotes
thrombi formation in microcirculation of patients with
acute coronary syndrome. Tissue factor is the key
initiator of monocyte-mediated coagulation and
monocyte-platelet interaction. Monocytes stimulated with
lipopolysaccharide express tissue factor and elicit a
pronounced fibrin deposition and platelet-thrombus
formation (Barstad et al. 1995). Plasma markers of
coagulation (fibrinopeptide A) and platelet activation
(B-thromboglobulin) showed a significant increase after
lipopolysaccharide stimulation. This can be almost
completely blocked by anti-tissue factor monoclonal
antibody (Barstad et al. 1995). Elevated plasma levels of

tissue factor and large amounts of monocyte procoagulant



2003

Tissue Factor in Acute Coronary Syndrome 725

activity have been documented in patients with unstable
angina pectoris (Gori et al. 1999). Heparin is able to blunt
the production of tissue factor by monocyte in vitro.
Heparin treatment is associated with a decrease in tissue
factor plasma levels as well as monocyte procoagulant
activity in patients with unstable angina pectoris (Gori et
al. 1999).

Factor X activation that occurs in response to
tissue factor/factor VIla complex is abolished in the
presence of heparin and this effect requires both
antithrombin and tissue factor pathway inhibitor.
Antithrombin in the presence of heparin blocks the
activation of the tissue factor/factor VII complex,
whereas tissue factor pathway inhibitor inhibits the tissue
factor/factor VIla complex that is generated (Jesty et al.
1996). Several tissue factor/factor VIla inhibitors are
being developed, including the protein-based inhibitors
such as NAPc2, Corsevin M, FFR-FVIIa, and Tifacogin
(Girard and Nicholson 2001).

The tissue factor pathway inhibitor is now
recognized as a major physiological anticoagulant that
acts as a natural tissue factor/factor VIla inhibitor
(Lindahl 1997).

pathway inhibitor lowers the threshold by which tissue

Immunodepletion of tissue factor

factor induces disseminated intravascular coagulation
(Sandset 1996). Infusion of a recombinant tissue factor
pathway inhibitor was found to protect against
thrombosis and disseminated intravascular coagulation in
different experimental models (Sandset 1996).

Human tissue factor pathway inhibitor is a
plasma protease inhibitor that consists of three tandem
Kunitz-type inhibitor domains. The first and second
Kunitz-type domains are involved in the inhibition of
factor VIla/tissue factor complex and factor Xa on the
cell surface, respectively (Hamamoto et al. 1993). Tissue
factor pathway inhibitor has a dual inhibitory function it
inhibits the complex factor VIla/ tissue factor and directly
inhibits factor Xa by binding at or near its active serine
site. Tissue factor pathway inhibitor promotes the binding
of Xa to monocytes (Li et al. 2001). The recovery of Xa
activity from Xa/TFPI complex may be related to the
cleavage of tissue factor pathway inhibitor by monocyte
This
procoagulant activity, apart from tissue factor expression
on their surface (Salemink et al. 1998).

Tissue factor pathway inhibitor circulates in

proteases. process may add to monocytes

blood in several forms, mostly as a complex with LDL-
HDL-VLDL. Approximately 10 % of tissue factor
pathway inhibitor are carried by platelets, and are
released once the platelets are activated by thrombin.

Consequently, an elevated level of tissue factor pathway
inhibitor is present at the site of platelet aggregation.
Heterozygous
inhibitor
atherosclerotic burden involving the carotid and common

deficiency of tissue factor pathway
in mice was associated with a greater
iliac arteries and shortened the time before an occlusive
thrombosis occurred after photochemical atherosclerotic
injury (Westrick et al. 2001). Continuous
intravenous infusion of unfractionated heparin increased

plaque

the levels of tissue factor pathway inhibitor more than
twofold (Brown and Kuter 2001). Its level remained high
during the infusion, but returned to baseline soon after the
infusion had been stopped. On the other hand, therapeutic
doses of low molecular weight heparin resulted in
significantly weaker tissue factor pathway inhibitor
induction. Tissue factor pathway inhibitor is released
from the vascular endothelium after an injection of
heparin and concentrates at sites of tissue damage and
ongoing thrombosis. The cessation of a treatment with
unfractionated heparin, but not low molecular weight
heparin, given in therapeutic doses was associated with a
progressive depletion of tissue factor pathway inhibitor
(Sandset et al. 2000). This phenomenon might be
responsible for the observed rebound activation of
coagulation after withdrawal of unfractionated heparin.
Partial depletion of intravascular pools of tissue factor
pathway inhibitor during repeated or continuous
intravenous infusion of heparin in man has been reported
(Hansen et al. 1996). This might explain the attenuation
of the tissue factor pathway inhibitor contribution to the
antithrombotic effect of heparin. Subnormal levels of
tissue factor pathway inhibitor increase the risk of
disseminated intravascular coagulation in septic patients,
and the risk of occlusive thrombi over damaged vascular
intima or fissured atherosclerotic plaques (Abilgaard
1995). Elevated plasma levels of tissue factor pathway
inhibitor have been documented in patients with unstable
angina pectoris (Gori et al. 1999).

In the present study, the tissue factor plasma
level increased only marginally in patients with acute
coronary syndrome and there was no further rise even in
the blood withdrawn from coronary sinus. Nevertheless,
the increased plasma levels of another marker of ongoing
thrombosis, the tissue factor pathway inhibitor, were
found both in patients with the acute myocardial
infarction and unstable angina pectoris. The increase was
detected in both the peripheral blood and the blood
withdrawn from the coronary sinus. Plaque thrombosis is
the cause of the acute coronary syndrome, and

presumably blood-borne rather than plaque-derived tissue
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factor is responsible for the detected elevation in our
patients. On the other hand, while no changes in tissue
factor coronary sinus plasma level were noticed in
patients with stable ischemic heart disease, slightly
elevated values of soluble P-selectin were detected in this
subgroup. This suggests that some platelet activation
takes place in both stable and unstable coronary artery
disease, but tissue factor pathway inhibitor upregulation
in coronary vascular bed only dominates in patients with
acute coronary syndrome. The changes in the level of
soluble ICAM-1 were related to the changes of soluble
P- and E-selectin, but the changes of soluble P-selectin
were only marginally and inversely related to the changes
in tissue factor. Detectable circulating soluble form
represents only a portion of native P-selectin. Because it
lacks the transmembrane anchoring domain, it is
conceivable that a consumption of the soluble form of
P-selection takes place while the tissue factor on
monocytes is being upregulated in patients with an acute
coronary syndrome.

The role of adhesion molecules is to mediate
interactions of cells with extracellular matrix or with
other cells. The immunoglobulin superfamily of proteins
contains a large class of adhesion molecules with
multiple immunoglobulin-like domains. Adhesion of
monocytes and neutrophils to endothelial cells is
probably one of the first steps in the pathway leading to
plaque rupture and acute coronary thrombosis with
clinical manifestation of an acute coronary syndrome.
Apart from plaque rupture, an interaction between
activated platelets, monocytes and neutrophil leukocytes
is responsible for the growth of the thrombus and for
possible propagation of the thrombus into the
microvasculature. Soluble isoforms of these adhesion
molecules believed to be shed from the surface of
activated cells can now be quantified in peripheral blood
(Gearing and Newman 1993).

P-selectin is a cell surface glycoprotein that
plays a critical role in the migration of lymphocytes into
tissues. It is found constitutively in a preformed state in
the Weibel-Palade bodies of endothelial cells and in
a-granules of platelets. This stored P-selectin is mobilized
to the cells surface within minutes in response to a variety
of inflammatory and trombogenic agents. The mobilized
P-selectin is apparently present on the cell surface for
only a few minutes after which it is recycled to
intracellular space. P-selectin also binds monocytes and
neutrophils to activated platelets and is responsible for
incorporation of leukocytes into the growing thrombus.
Circulating soluble P-selectin has a smaller molecule than

native P-selectin, because it lacks the transmembrane
anchoring domain. ICAM-1 also appears either in the
form of a transmembrane protein (mICAM-1) or in
circulating soluble form (SICAM-1). Up-regulation of
ICAM-1 initiated by inflammatory
cytokines (TNF-o, IFN-y, IL-1), whilst down-regulation
is mediated by anti-inflammatory agents. The soluble

expression is

form arises either from proteolytic cleavage of mICAM-1
or may be synthesized de novo from alternatively spliced
mRNA. E-selectin (Endothelial Leukocyte Adhesion
Molecule-1) is a transmembrane glycoprotein expressed
on endothelial cells after activation by some
(IL-1B, TNF-a)

endotoxin. The expression is reaching a transitory

inflammatory cytokines and by
maximum within 6 h after stimulation. The decline
coincides with the shedding of its soluble form. The
transmembranous form of E-selectin is a mediator of
rolling movements of leukocytes and their attachment to
the endothelium leading to a migration of leukocytes to
the site of inflammation.

Platelet activation with elevated levels of
P-selectin has been documented in patients with unstable
angina pectoris (Singh et al. 1995). Plasma levels of
soluble ICAM-1

significantly higher in blood withdrawn from coronary

and soluble P-selectin were also
sinus immediately after coronary angioplasty (Inoue €t al.
1999). The increase persisted for 48 h with maxima at
48 h for ICAM-1 and at 24 h for P-selectin. None of these
changes was observed in peripheral blood samples. The
plasma levels of the soluble E-selectin did not change
during 48 h after coronary angioplasty in blood samples
taken from coronary sinus. Increased levels of some
inflammatory markers including sICAM have been
identified as risk factors for the development of the acute
coronary syndrome (O'Malley et al. 2001). Soluble
ICAM-1 monoclonal antibody has been shown to limit
infarct size and reduce reperfusion injury (Simpson et al.
1988, Yamazaki et al. 1993).

In our study, no significant changes in soluble
P-selectin, E-selectin or soluble ICAM-1 levels were
found in patients with acute coronary syndrome. There
were no changes of plasma levels of soluble E-selectin
and ICAM-1 in the coronary sinus and only slight
decrease of P-selectin in coronary sinus was detected.
The decrease in soluble P-selectin in the coronary sinus
showed a non-significant correlation with the increase of
coronary sinus tissue factor plasma levels.

Tissue factor and its inhibitor play an
important role in the pathogenesis of the acute coronary
syndrome. Our results suggest that they act not only
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locally but also as circulating elements. There were no
significant differences in the local concentrations of
tissue factor, soluble P-selectin, E-selectin or ICAM-1 in
the coronary sinus and systemic blood in our patients.
However, the plasma levels of tissue factor pathway
inhibitor were significantly increased both in the coronary
sinus and systemic blood in the patients with the acute
coronary syndrome. As tissue factor/factor VIla blockers
are being developed and the role of the tissue factor

was recently recognized, the crucial role of the tissue
factor in the development of arterial thrombosis might be
not only theoretical in the near future, but we can expect
also some therapeutic consequences in this respect.
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Summary:

Tissue factor (TF) is the main initiator of coagulation cascade. The TF activity, microparticles
and the TF antigen in acute coronary syndromes patients were tested. Blood was drawn from
local (coronary sinus) and systemic (femoral vein) circulation in the cohort of 40 patients. TF
activity in stable angina pectoris patients was not significantly different from the control
group of patients (18.12+£3.35 mOD/min versus 17.72+4.05 mOD/min, respectively) and was
significantly lower in the unstable angina pectoris subgroup (7.62+ 4.19 mOD/min) and
myocardial infraction subgroup (3.56% 3.85 mOD/min) (p<0.05). Results in systemic and
local circulation were not significantly different. There were not significant differences in
concentrations of TF antigen (48.24+ 32.76 pg/ml in control subgroup, 41.33+ 20.7 pg/ml in
stable angina subgroup, 47.44+ 25.88 pg/ml in unstable angina subgroup and 59.5+ 75.43
pg/ml in myocardial infarction subgroup), neither in local nor systemic circulation. The count
of microparticles was decreasing according to the severity of acute coronary syndrome:
control 520+172, stable angina pectoris 532+167, unstable angina pectoris 392+142 and
myocardial infarction 165+30, which last one was significant compared to control subgroup.
These results suggest that the pro-coagulant TF microparticles could be consumed by the

ongoing thrombus formation in acute coronary syndromes.

Key words: tissue factor activity, TF antigen, microparticles, acute coronary syndromes.



Introduction

Tissue factor (TF) is considered to be the major regulator of normal hemostasis and
thrombosis (Nemerson 1988, Banner ef al. 1996). The recent evidence highlights the role of
the blood-borne pool of TF (Giesen et al. 1999). This TF fraction is bound to the procoagulant
microparticles. The questionable issue still remains the orchestration of TF, microparticles
and its incorporation to the growing arterial thrombus. It is of great interest, because TF there
serves as a starter of coagulation cascade. In association with the coronary artery disease the
high levels of shed apoptotic microparticles and TF activity were found in extracts from
atherosclerotic plaques (Mallat et al. 1999, Marmur et al. 1996) and the increased levels of
microparticles with procoagulant potential were identified in the peripheral circulating blood
of patients with acute coronary syndrome (ACS) (Mallat et al. 2000). However, the only study
of Van der Putten (Van der Putten et al. 2005), was focused on the TF activity on
microparticles in the patients with ACS. These mentioned facts reflect the difficulties in the
measuring this activity directly in the plasma, mainly in the presence of its natural plasma
inhibitor — tissue factor pathway inhibitor (TFPI).

Interestingly, inconsistent results of studies dealing with coronary artery disease
patients are usually based on the measurement of TF antigen, which could be a source of this
inconsistency (Soejima et al. 1999, Maly et al. 2003, Van der Putten et al. 2005, Ikonomidis
et al. 2005). This study was designed to find any relations between plasma TF activity on
microparticles and TF antigen in local and systemic circulation, both in patients presented
with acute coronary syndromes and stable angina pectoris. The count of microparticles was

determined all at once.



Materials and Methods

Study population and blood sampling

Forty prospectively selected patients (22 males, 18 females, age 64.5 £10.7 years)
undergoing coronary angiography in our institution were enrolled. Cardiovascular risk factors
(diabetes, hypertension, smoking, hypercholesterolemia) were determined. We sampled the
blood from local (coronary sinus) and systemic (femoral vein) circulation in four matched
subgroups of patients — with 1) no significant coronary artery disease defined as normal
coronary angiogram and no symptoms of angina pectoris (control), with 2) stable angina
pectoris (SAP), 3) unstable angina pectoris — Braunwald class III (UAP) and with 4) with
myocardial infarction with ST elevations (MI) undergoing primary percutaneus coronary
intervention (PCI). Blood was sampled from local circulation (coronary sinus) using Amplatz
coronary catheter (AL1, F4, Cordis Corporation, FL, USA) and from systemic circulation
with sheath inserted in femoral vein just before coronary angiography. All coronary patients
were receiving standard antithrombotic therapy within 1 hour before blood sampling, i.e. low-
molecular weight heparin in subgroup presented with UAP and bolus of unfractioned heparin
in the subgroup presented with MI undergoing primary PCI. Patients were receiving aspirin
100 mg daily and were not pre-treated with clopidogrel. There was no use of GP IIb/I1la
blockers. PCI was performed in 6 patients (60%) in the subgroup of SAP. Seven patients
(70%) of the subgroup of UAP were treated with PCI and 3 patients (30%) of this subgroup
underwent surgical revascularization. There were 10 patients (100%) treated with primary
PCI in the subgroup of MI patients. In the control group 8 patients (80%) underwent coronary
angiography due to chest pain which was not confirmed to be of ischemic origin, 1 patient

(10%) had severe aortic stenosis and 1 patient (10%) had pulmonary hypertension. The



hospital institutional review board approved this study. All patients provided their informed

consent prior to study participation.

Plasma Preparation and Microparticles Isolation

All samples were prepared and assayed without knowledge of belonging under
subgroups. Volume of 10 ml citrated blood (3.2%) sampled from local and systemic
circulation was within 30 min centrifuged 15 minutes at 2,000xg and collected plasma was
centrifuged again 15 minutes at 2,000xg to avoid the presence of platelets in plasma. Samples
were stored at —75°C in aliquots until microparticles were prepared. Washed microparticles
were prepared by centrifugation of plasma diluted 1:10 in a HEPES-buffer (20mmol/I
HEPES, 1mmol/l EDTA, pH 7.4) for 1 hour at 200,000xg , resuspended in a HEPES-buffer
and centrifuged again for 1 hour at 200,000xg. Pelleted microparticles were resuspended in a
buffer (10mmol/l HEPES, 5Smmol/l KCI, Immol/l MgCI2, 136mmol/l NaCl, pH 7.4) in 1/3 of

the initial volume of plasma.

TF activity, TF antigen and the count of microparticles

The activity of TF was measured on washed microparticles. The TF activity was
evaluated by its ability to activate factor X (150 nM) by factor VIla (5 nM) in the presence of
1 mM CaCl, by spectrophotometric method. A chromogenic substrate of factor Xa,
Spectrozyme FXa, was added (0.3 mM; American Diagnostica, CT, USA). The linear changes
in absorbance at 405 nm were recorded with an ELISA plate reader. The changes in
mOD/min directly correlated with the amount of FXa generated (Hrachovinova et al. 2003).
The TF concentration was evaluated in aliquoted stored plasma samples with ELISA kit

(IMUBIND Tissue Factor ELISA, American Diagnostica, CT, USA). The number of



microparticles was analyzed by flow cytometry. Forty pul of plasma sample was diluted with

260ul PBS and analyzed for 10 s (Andre et al. 2000).

Statistical analysis

The repeated measures ANOVA model with group, subject and type of matrix as
factors and group vs. matrix interaction followed by Bonferroni multiple comparisons was
used for evaluation of differences between groups (control, SAP, UAP, MI) subjects and
types of matrix (local circulation, systemic circulation). The results are expressed as mean of
values. Statistical significance was assumed at the level p< 0.05. Statistical software
Statgraphics Plus version 5.1 form Manugistics (Rockville, MD, USA) and NCSS (Kaysville,

UT, USA) was used for the analysis.

Results

Demographic data show, that there were no significant differences in age,
hypercholesterolemia, diabetes mellitus, hypertension and smoking. The data are shown in

Table 1.

TF acitivity in local and systemic circulation

We found significantly lower levels of TF activity on microparticles in patients
presented with ACS and no statistically significant differences in the TF activity in local and
systemic circulation. In the local circulation the TF activity on microparticles in patients
presented with a diagnosis SAP was not significantly different from control group patients

(18.1243.35 mOD/min versus 17.7244.05 mOD/min, respectively). However, the TF activity



was significantly lower in UAP subgroup (7.62+ 4.19 mOD/min) and MI subgroup (3.56+
3.85 mOD/min) compared with control subgroup (p<0.05) and SAP subgroup (p<0.05). In the
patients with an ACS, a significant difference (p<0.05) was found in the subgroups UAP and
MI (Figure 1). In systemic circulation the TF activity 17.224+ 2.91 mOD/min in control group
was not statistically different from 17.52+ 2.41 mOD/min in SAP subgroup. The TF activity
was significantly lower in UAP subgroup (8.28+ 4.75 mOD/min) and MI subgroup (2.55+
3.56 mOD/min) compared with control subgroup (p<0.05) and SAP subgroup (p<0.05). There

were significant differences in TF activity in the patients in UAP versus MI subgroups

(p<0.05).

TF antigen in local and systemic circulation

The level of TF antigen was not significantly different among all four subgroups of
patients. In systemic circulation the concentrations of TF were 48.24+ 32.76 pg/ml in control
subgroup, 41.33+ 20.7 pg/ml in SAP subgroup, 47.44+ 25.88 pg/ml in UAP subgroup and
59.5+ 75.43 pg/ml in MI subgroup. There were no statistically significant differences in local

and systemic circulation in all four subgroups.

The count of microparticles in plasma

Plasma microparticles were analyzed in FSC and SSC scale, the gate analysis was
used to quantify the large microparticles previously found to be linked up to pro-coagulant
activity. Plasma from MI patients presented 3-fold decrease of microparticles compared to

control and SAP plasma samples. The results are shown in Table 2.



Discussion

The present study demonstrates five times less TF activity in circulating blood in
patients with ACS than SAP, which correlates with 3-fold decrease of microparticles in
patients presented with MI. These results seem to be in accordance with the current concept
of cell-based coagulation which provides a new insight into the process of arterial thrombosis
(Giesen et al. 1999, Falati ef al. 2003). The model assumes that the active TF bound to
microparticles, is consumed from circulating blood by binding on the surface of activated
platelets, where it forms highly procoagulant thrombogenic place.

We further report that unlike TF activity, TF antigen does not show significant
differences when compared its concentration in the plasma of the patients presented with SAP
and the patients presented with ACS. The potential explanation is based on the presence of
various types of TF molecule in circulation (active and non-active) (Soejima et al. 1999)
which all can be detected with antibodies used in commercial immunoassay.

The next challenging issue is the heparin induced release of TFPI since all the ACS
patients are generally treated with heparin. This TFPI release can mitigate the TF
consumption. It is established that TFPI free or associated with microparticles could naturally
inhibit the TF activity. Nevertheless, it was reported that this inhibition reached most about
50% (Steppich et al. 2005). Since we report five times less TF activity in ACS compared
with SAP, it seems that TFPI inhibition of TF is only of partial influence.

Further investigation is to be focused on the identification of the specific
subpopulations of microparticles. In the recent study (Leroyer et al. 2007). was demonstrated,
that there is a difference in the origin of the microparticles in the atherosclerotic plaque
(originates mainly from the smooth muscle cells) and in the blood (originates mainly from the
thrombocytes). It would be of great interest to proof the decrease of these specific

subpopulations of microparticles in acute coronary syndrome patients. The second point of



further investigation is, as the lowering of TF activity correlated with a clinical severity of
ACS, to investigate the clinical consequences. Especially a blocking of TF positive specific
microparticles in growing thrombus could bring a clinical significance.

The limitations of our study are absence of the identification of various subtypes of
microparticles. Also the levels of TFPI in matched subgroups will be of interest to proof the
mentioned marginal influence. Despite presented results are conclusive, the limited number of
patients do not allow to generalize the concept of incorporation of the microparticles bearing
TF to growing thrombus, which is the pathophysiologic substrate of acute coronary syndrome.

Our results suggest, despite mentioned limitations, that the pro-coagulant TF
microparticles could be consumed from circulating by ongoing thrombus formation in acute

coronary syndromes.
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Table 1: Characteristics of study subgroups
Variable Control (n=10) SAP (n=10) UAP (n=10) MI (n=10)
Age 61.7£10.4 65.2+2.84 66.1+4.18 65.5£3.9
Men/Women 4/6 7/3 5/5 6/4
Diabetes 1 4 4 1
Smoking 1 1 2 6
Hypercholesterolemia 4 8 4 3
Hypertension 7 8 9 6
Table 2: The count of the microparticles in plasma

Subgroup N° Microparticles
Control 520+172
SAP 532+167
UAP 392+142
MI 165+30*

*p <0.05 vs. corresponding control value; SAP, stable angina pectoris; UAP, unstable

angina pectoris; MI, myocardial infarction. The results are expressed as a mean of values.
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Figure 1: TF activity in local and systemic circulation
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Summary:

The tissue factor (TF) is one of the most important regulators of the arterial
thrombosis. Because arterial thrombosis is the pathophysiologic background of acute coronary
syndrome, the possible impact of blocking the arterial thrombosis on its beginning is a
challenging question. The investigations TF brought a new concept of “cell based coagulation
model” with highlighted question of the blood-borne TF as a source of TF in circulating
blood. In this review are summarized essentials of pathophysiology, molecular structure,
expression and distribution of TF, novel concept of blood borne TF and finally the

possibilities of the inhibition of coagulation cascade with newly synthetized drugs.

Introduction.

Tissue factor (TF) is a major regulator of normal hemostasis and thrombosis
(Nemerson 1988). TF, a membrane-bound molecule, acts as an essential cofactor with
activated factor Vlla to form a complex that cleaves factors I1X and X and activating the
whole coagulation cascade (Banner et al. 1996). Recent investigations suggest the existence
of a blood-borne pool of TF that may play a critical role in the propagation of thrombosis
(Giesen et al.1999). These investigations revealed, that TF bound to procoagulant
microparticles, which are present in the circulating blood under pathophysiological
conditions, might have specific trombogenic potential (Nieuwland et al. 1997). In the
concordance high levels of shed apoptotic microparticles and TF activity were found in
extracts from atherosclerotic plaques (Malat et al. 1999, Marmur et al. 1996) and increased
levels of microparticles with procoagulant potential were found in the peripheral circulating

blood of patients with acute coronary syndrome (ACS) (Mallat et al. 2000).



Pathophysiology.

TF (also known as coagulation factor 111 or tissue thromboplastin) is a transmembrane
glycoprotein responsible for the start of blood coagulation. The classical view of blood
coagulation as a cascade of the activation of coagulation factors consists of intrinsic and
extrinsic pathways. After vascular injury, TF, like the serine protease receptor for the
coagulation factor Vlla (FVI1la), binds circulating FVI1 which then turns by allosteric
activation into activated form FVI1la. Besides this activation, TF enhances proteolytic and
amidolytic activity of FVIla and TF/FVIla complex, which subsequently turns factor X (FX)
into FXa. FXa as a prothrombinase complex (FXa/FVa) cleaves prothrombin into thrombin
and thrombin then cleaves fibrinogen into fibrin, completing the extrinsic pathway of blood
coagulation. TF/FVIla complex is also capable of turning zymogens FVII and at slower rate
also factor 1X (FIX) into their active forms FVI1la and FIXa (Ruf 1998). FIXa together with its
cofactor Vllla (FVIlla) activates FX into FXa as well, thus explaining the role of TF in the
intrinsic pathway of blood coagulation. Factor V (FV) and factor VII1 (FVII1) are turned into
their active forms by thrombin, providing thus a back-activation loop.

Nowadays the look upon blood coagulation is evolving into more complex models
unifying the whole process and emphasizing the role of cells and activated platelets. A cell
based model involves the series of reactions between the coagulation factors divided into
three steps: the 1) initiation, 2) amplification and 3) propagation occurring on two principal
cell surfaces: the TF bearing cells and the platelets (Walsh 2004). After the exposure of TF
bearing cells to the bloodstream, TF/FVIla complex is formed and FX is turned into FXa.
However, the process is rapidly stopped by an endogenous inhibitor — tissue factor pathway
inhibitor (TFPI) which forms an inactive quaternary TF/FVIla/FXa/TFPI complex. By this

way only small amounts of FXa are produced and only traces of thrombin are generated,



incapable to cleave enough fibrinogen into fibrin. Nevertheless the generated thrombin is
sufficient to activate FV and FVII1, which then serve as cofactors and strongly enhance the
production of FXa by FIXa/FVIlla complex and subsequently the production of thrombin by
FXa/FVa complex. Furthermore thrombin activates factor XI (FXI) into FXla which provides
another way of activation of FIX apart from the one by TF/FVIla complex. This is in
concordance with findings that people, deficient in contact factors (FXII, prekallikrein, high
molecular weigh kininogen) which were claimed responsible for FXI activation, do not suffer
from bleeding, while people deficient in FXI do, proving that there has to be another way of
FXI activation. TF seems to serve as a sort of starter to produce minute amounts of thrombin
before its pathway is switched off and the process then continues thanks to back-activation

loops leading from thrombin to FIX, FVIII and FV (Walsh 2004, Frederick et al. 2005).

Molecular structure of TF.

TF is encoded by a 12.4 kb gene organized into six exons separated by five intones
located on chromosome 1, at locus 1p22-23. The promoter region exhibits two binding sites
for the transcription factor activator protein-1, one kB-binding site, three Egr-a binding sites
and five Ap1l sites (Mackman et al. 1989). A binding site for nuclear factor of activated T
cells was identified as well, overlapping the kB site (Armesilla et al. 1999).

TF is constitutively expressed in several cell types such as adventitial fibroblasts,
smooth muscle cells and epithelial cells but extensive cell culture studies showed that TF
promoter is capable to induce TF expression after stimulation (by LPS, IL-13, TNF-a) on
other cell types as well (e.g. monocytes) (Eilertsen et al. 2004).

TF is composed of an extracellular domain consisting of two fibronectin type 11
repeats (N-terminal domain TF1 and C-terminal domain TF2), a transmembrane domain and a

short cytoplasmatic tail. The crystal structure of soluble tissue factor (STF) showed the



interdomain angle to be about 120° (Harlos et al. 1994, Muller et al. 1994) and a structural
relationship between TF and the cytokine receptors (Bazan et al. 1990). The close structural
similarity of TF with cytokine receptors explains a receptor function of TF with intracellular
signaling capacity. Several studies addressing this aspect of TF function prove the view that
TF plays a role in biological actions unrelated to coagulation, such as tumor metastasis and
angiogenesis (Rickles et al. 2003, Versteeg et al. 2003, Bromberg et al. 1995, Zhang et al.

1994).

Expression of TF.

TF is expressed on cells in the vessel wall (Wilcox et al. 1989) and is normally not
found on cells that are in direct contact with the bloodstream (Kirchhofer and Banner 1997).
Various endogenous (for example, TNF-a) and exogenous agonists (for example,
lipopolysacharides) can induce TF expression on endothelial cells and monocytes (Camerer et
al. 1996). This TF upregulation may play a role in thrombotic disorders. Furthermore,
induction of TF expression on smooth muscle cells was observed in experimental restenosis,
implicating tissue factor activity in thrombotic complications after angioplasty (Marmur et al.
1993, Speidel et al. 1995), and also in neointima proliferation (Jang et al. 1995). TF
expression in atherosclerotic plaques was first described in 1989 (Wilcox et al. 1989), and
subsequent studies identified extensive TF expression in human atherectomy specimens
(Marmur et al. 1996, Annex et al. 1995), suggesting a function of the TF pathway in the

development of coronary artery diseases.

Blood-borne TF.
Several studies show that an additional source of TF, known as blood-borne TF or

plasma TF, may also contribute to thrombosis. According to them, in healthy subjects, TF



antigen is present in plasma at a mean level of 149 to172 pg/ml (Koyama et al. 1994,
Albrecht et al. 1996). Some studies have shown that levels of blood-borne TF are increased
in various disease states, such as atherosclerosis, sepsis, diabetes, and sickle cell disease
(Misumi et al. 1998, Soejima et al. 1999, Mallat et al. 1999, Nieuwland et al. 2000, Diamant
et al. 2002, Semenza et al. 1990). Also was shown the correlation between the levels of
blood-borne TF and acute myocardial infarction (Nieuwland et al. 19974, Misumi et al. 1998,
Seljeflot et al. 2003). In addition, inhibition of TF in a rabbit model of venous thrombosis
reduced thrombus propagation (Himber et al. 1997).

The role of blood-borne TF was strongly supported by a study measuring rate at which
FX in the well-mixed clot supernatant permeates the clot and is converted to FXa on various
in vitro prepared platelet-fibrin clots on TF/VIla-coated surfaces. Paradoxically, the growing
thrombus acted as a barrier, restricting the convective and diffusive exchange of substrates
and coagulation products between the blood and reactive vessel wall, thus limiting the role TF
from the vessel wall plays in thrombus growth. The apparent diffusion coefficients of FX(a)
in fibrin and platelet-fibrin clots at 37°C was 2.3x10” and 5.3x10™*° cm2/second, respectively,
indicating that the mean time required for FX(a), and likely F1X(a), to diffuse 1 mm in a fibrin
clot is 4 hours, and in the presence of platelets, 3.6 months. As complete human thrombotic
occlusion has been observed within 10 minutes, an alternative source of procoagulant activity
that can localize to the outer surface of growing thrombi (such as platelet factor XI or blood-
borne TF) appears to be essential for rapid thrombus growth (Hathcock and Nemerson 2004).
One controversial issue is the form of blood-borne TF. Many studies have shown that TF
circulates in blood in the form of cell-derived microparticles (Nieuwland et al. 1997, Combes
et al. 1999, Berckmans et al. 2001, Sturk-Maquelin et al. 2003). Other groups suggest that
TF is present in platelets (Muller et al. 2003, Camera et al. 2003, Siddiqui et al. 2002).

Finally, it was recently proposed that an alternatively spliced form of soluble TF is the major



form of blood-borne TF (Bogdanov et al. 2003). Monocytes were shown to be capable of
shedding microparticles exposing TF and phosphatidylserine together with adhesion
molecules CD14, CD11a and CD18 after LPS stimulation (Eilertsen et al. 2005). It was found
that this TF on microparticles became incorporated into spontaneous human thrombi,
suggesting that TF may be transferred to platelets by interaction of CD15 with P-selectin
exposed on activated platelets (Giesen et al. 1999). TF itself played a role of adhesion
molecule necessary for this transfer. These findings were supported by the fact that anti-CD15
antibodies abolish 80% of the LPS-induced TF activity in monocytes of cell suspensions
recombined with platelet-rich plasma (Halvorsen et al. 1993). Furthermore, mice lacking P-
selectin or PSGL-1 developed platelet-rich thrombi with minimal TF and fibrin (Falati et al.
2003). Leukocyte-platelet interactions associated with the release of TF and subsequently
thrombin are suspected to play an important role in various hyperthrombotic states in patients
with high LDL cholesterol concentrations, cigarette smoking and diabetes mellitus,
emphasizing thus the importance of not only the vulnerable or high-risk atherothrombotic
lesions but also the relevance of hyperreactive or vulnerable blood and explaining a possible
mechanism of thrombus formation in those cases of acute coronary syndromes that are based
on only a superficial erosion of fibrotic plaque and not on a disruption of a lipid-rich plaque
exposing the lipid core with high levels of TF .

Some amounts of microparticles with TF probably originate from apoptotic cells. The
role of apoptosis in atherothrombosis is important both at the site of the plaque and in the
circulation (Viles-Gonzalez et al. 2005). Apoptosis within atheroma involves all cell types
and it has been demonstrated that it coexists with high levels of TF within the plaque. TF
activity is dependent on the presence of phosphatidylserine, exposure of which is associated
with apoptosis. The prothrombotic potential of apoptotic cells was shown to be present in the

circulation as well when one group found high levels of endothelial membrane microparticles



in the peripheral circulating blood of patients with ACS, inferring that they might participate
in the generation and perpetuation of intracoronary thrombi (Mallat et al. 2000).

Another significant issue with blood-borne TF is how to measure functional levels. It
is clear that levels of blood-borne TF are very low compared with levels in the vessel wall,
particularly in healthy subjects (Mackman 2004). In addition, microparticles in the blood have
TF-dependent and TF-independent procoagulant activity (Berckmans et al. 2001, Aras et al.
2004). A recent study described a novel assay that overcomes this problem by measuring TF
activity of selectively captured, TF-positive microparticles. This study also showed that
elevation of procoagulant microparticles, a subset of which contained TF, restored hemostasis
in hemophiliac mice (Hrachovinova et al. 2003). Moreover, FVlla has proven to be a very
effective hemostatic agent in hemophiliac patients and in trauma patients (Hedner 2000). The
mechanism of action of FVIla has been proposed to be independent of TF (Hoffman et al.
1994). However, the presence of blood-borne TF suggests that this conclusion should be re-
evaluated, and it seems possible that the hemostatic protection provided by FVIla may be, in

part, caused by its binding to blood-borne TF (Mackman 2004).

Tissue-specific TF distribution.

TF exhibits a nonuniform tissue distribution with high levels in the brain, lung, and
placenta, intermediate levels in the heart, kidney, intestine, uterus, and testes, and low levels
in the spleen, thymus, skeletal muscle, and liver (Bach 1988, Mackman et al. 1993, Hartzell et
al. 1989, Faulk et al. 1990, Drake et al. 1989). Immunohistochemical and in situ hybridization

studies demonstrated that high levels of TF were expressed by astrocytes in the brain, alveolar



cells in the lung, trophoblasts in the placenta, epithelial cells surrounding organs and at body
surfaces, adventitial fibroblasts surrounding blood vessels, and cardiac myocytes in the heart
(Mackman et al. 1993, Drake et al. 1989, Fleck et al. 1990, Eddleston et al. 1993, Flossel et
al. 1994, Luther et al. 1996). This cell type-specific distribution suggested that TF provides a
“hemostatic envelope” to limit bleeding after vessel injury (Drake et al. 1989). The higher
levels of TF in the brain, lung, placenta, heart, and uterus would provide additional hemostatic
protection to these vital organs. In contrast, tissues that express low levels of TF, such as
skeletal muscle and joints, rely on the FVIlla/FIXa complex of the intrinsic pathway to
prevent bleeding. Indeed, this model explains why hemophilia patients deficient in either
FVIII or FIX frequently bleed into joints and soft tissues (Bolton-Maggs and Pasi 2003).

TF is constitutively expressed in cardiac myocytes but not in skeletal myocytes (Drake
et al. 1989). The likely function of TF in the heart is to provide additional hemostatic
protection. Low-TF mice had very low levels of TF in their hearts compared with the level of
TF in the hearts of wild-type mice, suggesting reduced TF expression in cardiac myocytes.
Importantly, low-TF mice and low-FVII mice exhibited hemosiderin deposition and fibrosis
in their hearts. It is believed that the hemosiderin is derived from erythrocytes hemorrhaging
into the myocardium and phagocyte digestion of the hematin. Indeed, occasional hemorrhages
in the hearts of low-TF mice were observed (Pawlinski et al. 2002). Taken together, these
results suggest that low-TF and low-FVI1I mice have impaired heart hemostasis. It has been
found that over expression of murine TF in the cardiac myocytes abolishes fibrosis in the
hearts of low-TF mice. These results indicate that TF expression by cardiac myocytes plays a
key role in the heart, most likely by providing additional hemostatic protection to this vital
organ that may be prone to mechanical injury of the vessels. In contrast, FIX deficient mice
have normal hearts (Mumford and McVey 2004). These results suggest that the TF/FVlla

complex, but not the FVIlla/FIXa complex, plays a critical role in heart hemostasis.



FIX and other factors of the amplification stage of blood coagulation normally provide
an important back-activation loop, enhancing thus the thrombin generation, however some
computer generated models showed that high concentrations of TF (for example in the
conditions of the sepsis or endotoxemia) provide enough FXa and enough thrombin to

generate a fibrin clot without this back-activation loop (Pawlinski and Mackman 2004).

Role of TF in thrombosis.

Aberrant TF expression triggers intravascular thrombosis associated with various
diseases, such as atherosclerosis, cancer, and sepsis (Rickles et al. 2003, Tremoli et al. 1999,
Rao 1992, Creasey et al. 1993). Importantly, inhibition of TF/FVIla complex activity reduced
coagulation and decreased mortality in animal models of sepsis (Taylor et al. 1991, Taylor et
al. 1998). In atherosclerosis, TF is expressed (apart from other cells) by macrophage-derived
foam cells within atherosclerotic plaques (Wilcox et al. 1989). These results strongly suggest
that high levels of TF exposed upon plaque rupture trigger thrombosis and myocardial
infarction. Thus, the classical view of TF is that it is expressed locally within an
atherosclerotic lesion. Inhibition of TF would be expected to reduce thrombosis associated
with a variety of diseases.

The role of TF and FVII in coronary no-reflow was also studied. The data suggest that
active TF is released from dissected coronary atherosclerotic plague and is one of the factors
causing the no-reflow phenomenon (Bonderman et al. 2002).

Functional inhibition of TF with an anti-rabbit TF monoclonal antibody in a rabbit
coronary ligation model has been shown to improve coronary blood flow after myocardial
ischemia/reperfusion (I/R) injury. At-risk areas of myocardium showed increased TF

expression in the sarcolemma of cardiomyocytes, which was associated with a low level of
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extravascular fibrin deposition. Infarct size was reduced by 61% and 44%, respectively
(Erlich et al. 2000).

Local inhibition of TF by both recombinant tissue factor pathway inhibitor and a
polyclonal antibody against human TF reduces the thrombogenicity of disrupted human
atherosclerotic plaques in an in vitro model of human atherosclerotic and normal arterial
segments exposed to heparinized blood at flow conditions modeling medium-grade coronary
stenosis (Badimon et al. 1999). The antithrombotic effects of the specific inhibition of plaque
TF was assessed by reduction in the deposition of radiolabeled platelets and fibrinogen and

immunohistochemical analysis of perfused arteries.

TF role in embryonic development.

As there are no known TF deficient humans, some groups studied the effect of
knocked-out murine TF gene and they all reported high rate of lethality of the embryos
(approximately 90%) (Carmeliet et al. 1996, Bugge et al. 1996). Defect of hemostasis was
considered to be the cause of death, but flawed development of the yolk sac vasculature was
also noted (Toomey et al. 1996). Controversial were findings that FVI1I deficient embryos
survive the embryonic development (Rosen et al. 1997). Using a transgenic approach the role
of several coagulation factors and PARs (protease-activated receptors) in the embryonic
development was studied with the conclusion that the high rate of lethality of TF deficient
embryos may be caused by loss of both hemostatic and non hemostatic pathways and an

absence of maternal rescue of this transmembrane receptor (Carmeliet et al. 1996).
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Inhibition of the early steps of the coagulation cascade.

Studying the role of TF in blood coagulation leads to new ideas in anticoagulation
therapy. New drugs are expected to be found, with less side effects and stronger
anticoagulation potential when acting at the beginning of the coagulation cascade.

The possible influence of TF transcription was reported by a group demonstrating that
activation of liver X receptors (LXRs) LXRa and LXRf suppresses TF expression. Treatment
of mouse peritoneal macrophages with synthetic LXR agonist T0901317 or GW3965 reduced
TF expression induced by pro-inflammatory stimuli. LXR agonists also suppressed TF
expression and its activity in human monocytes. Human and mouse TF promoters contain
binding sites for the transcription factors AP-1, NFkB, Egr-1 and Sp1, but no LXR-binding
sites could be found. Cotransfection assays with LXR and TF promoter constructs revealed
that LXR agonists suppressed LPS-induced TF promoter activity. Analysis of TF promoter
also showed that inhibition of TF promoter activity by LXR was at least in part through
inhibition of the NF«B signaling pathway. In addition, in vivo, LXR agonists reduced TF
expression within aortic lesions in an atherosclerosis mouse model as well as in kidney and
lung in mice stimulated with LPS. These findings indicate that activation of LXR results in
reduction of TF expression, which may influence atherothrombosis in patients with vascular
disease (Terasaka et al. 2005).

A lot of effort has been made to inhibit the TF gene expression at the translational
level using various approaches involving ribozymes, antisense technologies and RNA

interference (Armesilla et al. 1999, Zhang et al. 1996, Cavusoglu et al. 2002). However these
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techniques seem to have limited efficiency and need to develop an effective and safe delivery
mechanism (Armesilla et al. 1999).

Direct blocking of the TF, FVIla or TF/FVIla complex activity can be achieved by
various inhibitors. One way of blocking the TF mediated start of coagulation is using a
specific antibody as in a recently published study in which one group used Sunol-cH36, a
chimeric monoclonal antibody to TF, which blocks binding of factor X to the TF/VIla
complex and completed a trial of Sunol-cH36 in humans. The safety and pharmacokinetics of
Sunol-cH36 were assessed in an open-label, dose-escalating trial among subjects with stable
coronary artery disease. No major bleeding (>2 g/dl hemoglobin decline) was reported.
Spontaneous minor bleeding was observed with a dose-related pattern. The majority of
spontaneous bleeding episodes were clinically consistent with platelet-mediated bleeding (e.g.
gum, tongue) without thrombocytopenia. Sunol-cH36 exhibited dose-dependent anticoagulant
effects and the mucosal bleeding observed with this potent inhibitor of thrombin generation
may reflect antiplatelet effects resulting from networking between the coagulation cascade
and platelet pathways that could prove clinically relevant with this novel class of
anticoagulants (Morrow et al. 2005).

A recombinant version of the truncated, extracellular form of TF (nTFAA) has been
reported to function as an antagonist of membrane-bound TF as well (Kelley et al. 1997).
Promising investigation was presented of a selective small-molecule TF inhibitor PHA-927F
capable of efficiently inhibiting or preventing acute thrombosis without any increase in risk of
bleeding thanks to its great selectivity against TF when compared to other coagulation factor
as a result of extensive crystal structure studies of similar molecules (Frederick et al. 2005,
Suleymanov et al. 2003).

A study was published showing the effect of active site-inhibited FVIla (FVllai)

binding to TF. FV1lai blocks binding of the corresponding enzyme (FV1la) or zymogen
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(FVII) forms of FVII and inhibits coagulation. Although several studies have suggested that
FVIlai may have superior anticoagulation effects in vivo a challenge for use of FVIlai is the
cost of production. The study reported the properties of dimeric forms of FVIlai that are
cross-linked through their active sites. Dimeric wild-type FVIlai was at least 75-fold more
effective than monomeric FVIlai in blocking FVIla association with TF. The dimer of a
mutant FVIlai with higher membrane affinity was 1600-fold more effective. Anticoagulation
by any form of FVllai differed substantially from agents such as heparin and showed a
delayed mode of action. Coagulation proceeded normally for the first minutes, and inhibition
increased as equilibrium binding was established. It is suggested that association of FVI1a(i)
with TF in a collision-dependent reaction gives equal access of inhibitor and enzyme to TF.
Assembly was not influenced by the higher affinity and slower dissociation of the dimer. As a
result, anticoagulation was delayed until the reaction reached equilibrium. Properties of
different dissociation experiments suggested that dissociation of FVIlai from TF occurred by
a two-step mechanism. The first step was separation of TF/FVIla(i) while both proteins
remained bound to the membrane, and the second step was dissociation of the FVIla(i) from
the membrane. These results suggest novel actions of FV1la(i) that distinguish it from most of
the anticoagulants that block later steps of the coagulation cascade (Stone et al. 2005).

Some studies of a novel class of peptide exosite inhibitors of FVlla (like E-76, A-183
or extended A-183X) have been performed. Among these, A-183X is capable of almost
complete in vitro inhibition of TF/FVIla activity. The NAPc2 (Nematod Anticoagulant
Protein c2) isolated from the canine hookworm Ancylostoma caninum, binds to FXa and then
to TF/FVIla complex and forms an inactive quaternary complex (Walsh 2004, Frederick et al.
2005).

One publication investigated the effect of inhibition of TF by recombinant tissue factor

pathway inhibitor (rTFPI) on thrombus formation and intimal hyperplasia in a porcine model
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of coronary balloon angioplasty (Roque et al. 2000). Tissue factor pathway inhibitor (TFPI)
is the principle physiologic inhibitor of the TF-factor VII/VIla complex and is found mainly
in endothelial cells. TFPI therapy has been proven beneficial in deep vein thrombosis (Holst
et al. 1994), in preventing arterial reocclusion after fibrinolysis (Abendschein et al. 1995) and
in reducing intimal hyperplasia in experimental models of arterial injury (Oltrona et al. 1997,
Jang et al. 1995). Using an ex vivo perfusion system it has been shown previously that
specific inhibition of TF with TFPI reduces thrombogenicity of disrupted human aortic
atherosclerotic plaques (Badimon et al. 1999).

The potential use of TFPI after angioplasty was also studied in a rabbit model, when
the TFPI gene in a liposome and in an adenoviral vector was locally administered after iliac
and carotid artery angioplasty and markedly reduced restenosis (Yin et al. 2002, Zoldhelyi et

al. 2001).

Conclusion

In this review are summarized essentials of the physiology and the pathophysiology of
TF in terms of the literature sources. But still, until today, there are many questions to be
answered: the source and the level of TF in healthy subjects, the method how to measure the
“trombogenic” potential of TF because its role in many biological processes, the “normal”
levels, the possible impact of risk factors and possibility of risk stratification of “healthy”
subjects according to the levels of TF like marker of the blood with procoagulant potential.
Answering these questions and impact of the blocking of TF as a therapeutical approach in

acute coronary syndromes is a challenging field of investigation in blood coagulation.
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