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Efe-‘._:tn de la inhibicién de la via del factor tisular

en la respuesta plaquetar a la lesion vascular

Effect of tissue factor pathway inhibition on
platelet response to vascular damage

Sanchez 5., Vilahur G., Casani L, Badimon L

RESUMEMN

Auntecedentes: Bl FER-eFY[la ex un nuevo fecsor Via re-
cnenbisdale con su cestno activo inhibido, que compite con cf
factor ¥l (FYTla) por la maida al facior Gsular (TE). EI TF es-
E4 relacionada con ] geen potencial ombegénico de las placas
alerosciendiical

Db fetivo: Evabear el efecto inhibitorio del FFR-rFVILe so-
b la Formacide del trombo desencanderado por pared vascirlar
lesionada en condiciones hemaodindmions costenladas,

Mitodos ¥ resultados: Hemos estodiado la trombosis de-
Soncadesics por pared vesculsr lesionads ligers ¥ seviramenie
¥ 5u inhibicidin en = modelo experimental ex vivo POCEn uli-
Eizando bs edman de perfaside Badimon s mna veloeldad de ci.
zallscura de 212 seg™, Los animales (4 = 179 fueron anestesis-
dos, heparinizsdos ¥ catelerizades, A continuacide 82 monts un
circuito sxtracorpdinee (anens carttida-vens yugualar) en el que
12 falud la chmars de pefusifin, Después de las perfusiones ba-
sabes, |08 comdos se tratsson con FRIR-rFWTLs (0.5 ¥ 1 mggtkg i.w)
¥ ie obtuvo ues reduceitn de 1s deposicida plaquetsris sobre e
sidn wascular severs (p < 0,005), sin observamse efocto sobe jo-
tidin vasculnr ligera. Las determinaciones plasmdticas mostrarce
que el tratamienta con FFR-oFVITa (0,0, 0.5, 1 ¥ 2 mg'kg) alsr-
g2ba ol tiempo de protrombana (T (p = 00001, ¥ Gud édlo pa-
rimeiro s cormelacionshs postivamente con los niveles de FFR-
F¥ILa (@ = 0,82; p = 0,0001)

Canclusiones: La ishibicida de I vis dei TF modianie FPR-
rFW1la redhace sigaificalivemenis la deposicide plageetsria so-
bre lesidn vascular severs, Esto elecio asijsrombsticns se scom-
palts do un alargamicnto dosis-depenadiente del PT. Tabes
rosultados sugienes que 1 inkibicidn dal TF pasde ser una es-
trategia prometeders en ol taamassto de la abenctmmbosis,

Palobeas claves FER-rEVa, facior tinudar, factor Vile, pla.
gusnts, trombosie, fhrina, deponicidn Plogustania

Efecto o la inhibecsin de La wia ded faetor tisular &n
la sespuesiy plagueter o Is lesiin vascular

Sdmchex S, Vilshur G, Casani L, Basdiman L
dmvestigneton Cordipvasewls- * XH: & 4253

e

ABSTRALCT

Backgroumd: FFR-cFV1la is & new recombinant sctjve site
inbribsitedd factor Wila moleculs (hat competes will factor Wla
(¥W¥1la) for iEsuse facior (TF) binding. TF scceunts for mast af
the threenbogenic potential of stherosclerotic plagques

Objective: To evaluie the inkibitory effos of FFR-#VILa
on thrombus formation triggered by damaged vessed wall undes
coniedled Mow conditions,

Metheds nnd resulbis: Thombesis igperd by eroded and
weverely damaged vessels asd (& inhabitios were stodied in as
ex-vive experimental porcing model, wsing the Badimon perfis-
sbon chmber ai a loral hlood sbear rate of 213 sec™!, Animaly
(= LI} were arssihetized, beparinized, catheterized, sad the
perfusice chamber was placed in s sxiracomponel shunt (cars-
&l anery-jugular vein), Afer baisline perfusons, pigs wese ad-
ministesed FFR-rFVTa (0.5 and | mpfkg iv.). Platelet deposi-
sof 0n toverely dumaged vessels was significantly inhihjzed
ip = 0008} by FFR-rFVILa, but 0o cffect was found oa eoded
wetaels. Plasms determanatons shoeed ey prathrombin time
(FT} was significantty prolonged with FFR-rFYTla trestenent (0.1,
0.5, 1 and 2 mgfg) (p = 0.0001), and changes im FT were posi-
tively cowrelated to FER-rFVIla plama lavels (2 = 087 p=
QUDOOL

Conchsinn: TF pathway ishibitien by FFR-ofVila sigmifi-
candly roduces plutelet depeition in severely damaged vessely,
This antithsembotic affect is accompanied by doss-dependant
PT prodongation. Thes, TF inhibition appears 0 be & highly pre-
mising sirstegy for blocking athernshmwmisain,

Key wards: © FFR-rFVIia, tisnee facior, foctor Vil plare.
lers, thrombsonis, fibrin, plairlet deponition.

Effect of tases factor patiremy inhibitica on
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INTRODUCCION

Las manifestaciones clinicas de la anfermedad
aterosclerdtica coronaria estin caysadas mayori-
tariamente por una rotura de la placa sequida de
8 exposiciin a la croulacicn sanguinea de los com-
panentes de su interior, que inducen la formacian
del trambao plaguetario (1-3), Sa ha demaostrado
que el nucleo graso es el componente mas trom-
bogénico de la placa aterosclerdtica (4): asta es-
rictura tiend un gran contenido en factor tisular
(TF), &l cual parece predecir la trombogenicidad
da la placa (5),

EI'TF es una glicoproteina unida a la membra-
na que, entré otras funciones, estd implicada en
'3 coagulacidn sanguinea, Mediante su unidn al
factor Vila (FVila), el TF desencadena la cascada
de la coagulacidn por la via extrinseca, permitien-
do la activacion dal factor X (FX) ¥ promaoviendo
la formacion de trombina (6). La implicacidn del
TF en el proceso aterotrombdético ha sida previa-
menta demaostrada (5). De hecho, la inhibicidn lo-
cal de este factor mediante el inhibidor de I i
del TF recombinante {~-TEPI) en placas ateroscls-
rdticas humanas redujo su trom bagenicidad (7).
For ella, la inhibicidn del TF parece una buena ss-
trategia para reducir los episodios trombdticos aso-
ciades a la complicacidn aguda de las lesiones ate-
rosclerdticas,

Recientemente se ha descrito un factor Vila
recombinanta con al centro active inhibido {FFR-
rFVila) [8). Este compuesta inhibe com puatitiva-
rmente la unidn del Pvila (FIBA) al TF, iFtErrumpien-
de consecuentemente al proceso de coagulacidn
mediado por este factor (via del TFL. Por lo tanito,
el objetivo de este trabajo se ha centrada an e
mostrar que el FFR-rFVlla al unirse al TF reducirs
el riesgo trombdtico asociado a las lesiones en la
integridad de la artera. Para ello, hemos utilizada
la camara de perfusidn Badimon en condiciones
hemodindmicas caracterizadas usando sustratos
vasculares ligera y severamente dafiados coma
desencadenantes del tromba,

ABREVIATURAS

TF: facior taular,

FYIRFVI: factor Vilector VI pei

X factor 3.

r-TFPE inhibidor da la via dal {2 fisular recomibinance.

FRA=-rPlla: factor Vila MCoOMmEnanty con su cantro ac-
ta inhibida.

FT. timmpa de pretrombina.

aFTT: tiempo de la romboplassing parcial pethvada,

SEM: error estdndar,
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INTRODUCTION

The clinical signs of caronary
athergscierotic dissase are mainly the result af
dheromapiaque rupture followed by exposure
to the bloodstream of its CONMIPonNents,
wihich induce platelet thrombus formation (1.3,
It has bawen shown thar the fatty core is the
maost thrombogenic companent of the
atherosclerotic .ﬂll-ﬂql'.l'-E (4], This Sructure has
& figh content in tissue factor (TE),
which appears to predict plague
thrombogenicity (5],

TF is a membrana-bound glycopratain
invalved in blood codguialion, among other
functions. By binding to factar Vila [FVTal
IF triggers the coagulation cascade by the
extrinsic pathway, allowing activation of
factor X (FX) and promating thrombin
formation (8). Invelvement of TF in
atharothrombosis has been shown (5),

In fact, local inhibition of this factor by
recombinant TF pattnway inhibitor (FTFPY) in
human atherosclerotic plaques reduced its
thrambogeanieity (7). Thus, TE inhibition
appears to be a good strategy for reducing
thrombotic events associated with an scute
complication of atherosclerotic

fesfons.

A recornbinant active site inhibited factar
Vila (FFR-rFVila) has recently been reported
{8 This compound competitivaly inhibits FVlia
(FIBA} binding ta TF, therehy disrupting
the coagulation process mediated by
this factor (TF pathway). Therefore, the main
objetive of this study was to show that,
by binding to TF, FFR-rFVila will reduce
the thrombotic risk associgted with arterial
damage. For this, the Badimon perfusion
chamber was used under characterized
hemodynamic conditions, using vascular
substrates with mild or severs damage to
trigger the thrombus.

ABBREWVIATIONS

AFTT: activared pastial thrombosizens Sma.

FFR-rFWila; recombinant active site infibited facior
ks,

FVIEFVTa: fachor Vilactivared facior VA,

EX: factor X

rTFFL recombinagnt Haaus fator patfaway inhihise

SEM: standard avrovr of the masn.

TF: tezue factor,
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MATERIALES ¥ METODOS

Modelo axperimental

£l estudio se realizd usando come modelo ax-
perimental el cerdo. Los animales (cruce comer-
cial, hembras, n = 12) se chtuvieron de una gran-
jo lecal (38,7 = 3,3 kg) v se estabularon al menaos
durante siete dias, en los que no se realizd ningLin
procedimiento experimental, en ol estabulario gel
Laboratorio de Investigacidn Cardiovascular, El
alojamients se realizd individualments, en un am-
biente con temperatura (= 18 °C) ¥ ciclo de fuz dia-
noche (7 am-7 pm) controlados, El agua y el pien-
50 58 administrd ad FBiturm,

Todos log procedimientos realizades en este
estudio se realizaron de acuerdo con las guias ins-
ttucionales y las guias para la investigacidn con
animales de la American Heart Association,

Disefio experimental

Los pardmetros hematoldgicos v da CoBgula-
cidn s& determinaron en muestras sanguineas ob-
tenidas en condiciones basales Yy en distintos pe-
rodos di Bermpo durante & procese experimental.
El gia anterior a cada experimento, sa EXIrajo una
Muesra sanguinea a partir de la cual se aislaron
las plaquetas, se marcaron radiactivamenta y fue-
ron reinyectadas en el animal. Durants el proceso
expenmental se evalud la deposicicn plaguetaria
desencadenada por la pared vascular higera v sa-
veramente lesionada, en condiciones de fuerza de
cizalladura tipicas de una arteria COMONARa No @5
tendtica (212 sag™) a diferentes tiampaos de par-
fusidn leinco v disz minutes), utilizanda la clima-
ra Badirmon,

Se ensayaron varias dosis de FFR-rFVila (cedi-
do por Nove Merdisk, Dinamarca) (01,05 1y
2 mgkg) para evaluar al tiempo de protrombinag
(FT) ¥ los niveles de firmaco en plasma asi coma
su eficacia inhibiendo la formacidn del tramba, El
tratamiento se realizd mediante un bolo lenta in-
travenaso (Lv.). La deposicidn plaquetaria 58 gva-
lud antes y despuds de la adiministracin Jel fr-
maco, de maners que cada animal fue su pPropio
cantrol. En estudios preliminares |a dosis mas ba-
[a10,1 mg/kg) no tuve efecto sobre [a trombaosis v
la dosis superior (2 mg'kgl produjo un acusado
alargamiento del PT, por ello se eligieron las do-
5i8 de 0,5 v 1 mgkg para estudiar el efecto del FRR-
FVila sobre a trombosis,

44

MATERIAL AND METHODS

Experimental modal

An experimental porcine mode! was used
for the study. The animals fcommercial bresd:
femnales, n = 12) were obtalned from 8 local
farm (body weight 39.7 = 3.3 kgl and ware
heused for at least 7 days, in which no
expermental procedures were performed,
in the animal house of the Cardiovascular
Research Center. The animals were housed
individually at a temperature of = § % and
under controlled lght'dark conditions
{7:00 am—15:00 pm). Food and water was
prowvided ad fibftum.

All proceduras in this study were carriad out
in compliance with the correspanding
institutional guidalines, and with the guidelinas
for animal research of the Amevican Heart
Association (AHA)

Experimamntal design

The hematolegical and coagulation
parameters were measured in blood samples
drawn ar baseling and at different times during
the axperimental procedure. On the day before
each experiment, a biood sample was dravr,
from which platelets wers isolated, radioactively
labeled, and reinjectad into the animal, During
the experimental process, platelet dlepositian
tniggered by the mildly and severly damaged
vazciar wall was evaluated under the fvpical
shear rate conditions in a non-stenotic coronany
artery (212 sec™') at different perfusion times
ifive and ten minutes), usimg the SBadirmon
chambar,

Several FFR-rFVla doses isupplied by Novo
Nordisk, Denmark) were teshed (0.7, 0.5 7 and
2 mg'kg) to assess prathrombin time FT) and
plasma drug levels, as well as the efficacy of the
drug for inhibiting thrormbus formation.
Treatment was carried out as a slow
intravenous (i.v.) bolus. Plataer tres MISMON Was
evaluated before and after drug administration,
each animal thus acting as its own control.

In prefiminary studies, the lowest dose

(0.7 mgkg) had na effect upon thrombosis,
while the highest dose 12 mgrkg) caused a
marked PT prolongation, The 0.5 and 1 mgkg
dosas wers memfareseieﬂeﬂmﬂud}-'ﬂ'm
affect of FFAR-rFlla upon thrombosis,

INVESTIGACION CARDHIVASELILAR, 3063 vol, & nrt
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Parimatros de coagulacion y hematolagicos

A lo largo de todo @ BXpeErimento 38 ocbhtuvie-
ron muestras sanguineas seradas en citrato tri-
sodica (3.8%, 1:10), a partir de las cuales sa reali-
20 el recusnto hermatoldgico [Systern 8000, Sarono)
¥ [a determinacidn de los siguientas pardmatros
de coagulacion (coaguldmetrg ST4, Diagnostica
Stago): PT, fibrindgeno y tiempo de la trombe-
plastina parcial activada (aPTT).

Determinacion de los niveles plasmiéticos
de FFR-rFVila

Los nivales plasmdticos de FFR-rFVlla se de-
terminaron de maners secuencial v paralela a lps
determinaciones de PT. a Io largo del procadimien-
10 expanmaental, El FFR-rFVila g8 determind ma-
diante un kit comercial de ELISA para determinar
PVl humano (Dako Comp), siguiendo la informacian
prevista por la empress proveedora. Para verifi-
car que los valores obtenidas an plasrma corres.
pondian a FFR-rF\ila, se realizaron determinacio-
nes en muestras basales (pravias al tratamiento)
¥ 5& confirmd que sus niveles 3a ancontraban por
debajo del limite da deteceian,

Agregacion plaguetar ex vivo

Se realizaron estudios da agragacidn plague-
taria antes y después dal tratamiento con FFR-
rFVlla. Se obtuvieron mugstras sanguineas en ci-
trato sodico v se determing | dgregacicon en
plasma rico en plaquetas (PRP) {agregdmetro dp-
tico, Aggrecorder Il, Menarini) v en sangre total
lagregdmetra de impedancia, Chrono-Log) tras la
adiccion de agonistas plaquetarios (ADP, colige-
nol, siguiendo metodologia praviamanta estan-
darizada [9).

Marcaje de plaquetas

El dia anteriar al experiments se obtuvo una
muestra sanguinea en ACD anticogulante (dcida
citrico 004 M, citrato trisddico 0,09 M, dextrosa
0.07 M; 7:50), a pa. iir de Iz cual se aislaron lag pla-
quetas por centrifugacion, que se Marcaron con
"Min-oxina (Amersham) Y finalmente se reinyac-
taron an el animal como se ha descrito pravia-
mente (10). La dosis de radicactividad inyectada
fue de 296,8 = 16,7 uCi, Ia lisis durante el marcaje
de 1,0 = 0.2 v la eficencia dal 89,4 = 2.4%,
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Coagulation and hematological Barameters

Throughout the experimental study, seriai
blood samples wers colfected in trisodium
citrate (1.8%, 1:70) and used for blood counts
{Systern 9000, Serona) and to messure the
following coagulation pararmatars
(ST4 coaguiometer, Diagnastica Staga):

FT, fibrinogen and activated iDartial
thromboplastin time faPTT).

Measurement of plasma FFR-rF\Vig levals

Flazmna levels of FFR-rFVila were
sequentially measured, in parailel to PT
deterrninations, throughout the Bxparimantal
procedure. FFR--FVila was measured using a
commereial ELISA kit for hurman i
(Daka Carp.), foliowing the manufacturer
ingtructions. To vty that the values recordad
in plasma corresponded fo FRR-rFVila,
Measurements were made in baseling
samples i.e, prior fo fraatmant), wihich
canfirmed that the levels ware balow
the defection limir,

Ex-vive platelet aggreqgation

Platelet aggregation studies wers mada
before and after treatment with FFR-rF\lia,
Siood samples were collected in sodium Citrate
and aggragation was measured in platefal-rich
plasma (PRP (Aggrecorder if optical
aggregometer, Menanini] and in whale Blood
fChrono-Log impedance dggregomaetern) after
the addition of piateler agonists (ADP, callagen)
according to previously standardized methods
78

Platelet labeling

The day before the experimeant, a blood
sampie was collected in anticosgulant ACD "
feitric acid 0.04 M, trisodium citrate 0.09 M, ;
dextrose 0.07 M; 7:50), and centrifuged to il
isolate the platelets, that were fabeled with =&
"in-axine (Amarsham) and finally reinjected
into the animal as previously described (10),
I, lysis during labeling was 1.0 0.2, a-ng-.l 18
afficiency 89.4 = 2.4%. i
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Experimento de trombosis

El dia posterior al marcaje de plaquetas, el ani-
mal fue sedado (Azoperona intramuscular, g
kg, Stressnil, Esteve), anestesiado (tiobarbital sd-
dica iv., 10 mghg, B.BRAUM), intubadg v hepari-
nizado (heparina i, 50 Wkahora uhp, Liquemine,
Rochel. Se establecid un circuito extracorpdrea
entre la vena yugular v la arteria cardtida, an al
que s cosoco la camara de perfusidn Badimon, y
58 mantuvo una velocidad constante de flujo de
10 milfrin (Figura 1) {10-13). Sa realizaron perfu-
siones de cinco y diez minutos a velocidades de
cizalladura de 212 seg™, que corresponde al flujo

Thrombosis axperimentt

The day after platelet labeling, the animal
Was sedated (inframuscular azoperone,
& magkg, Stressnil, Esteve), anesthatizad
(thiobarbital sodium, 10 mgkg iv., B. Braun),
intubated and heparinized (heparin,
50 Lidghour iv, Liguemine, Roche),
An extracorporeal circuit was established
between the jugular vein and carotid artery,
int which the Badiman perfusion chamber was
placed, maintaining a constant flow rate of
10 mifmin (Figure 1) (10-13). Perfusions were
performed for five and ten minutes at shear
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de las arterias Coranarias no estencsadas (11).
Como dessncada Nantes de la rombosis se utili-
LAron segrmentos vasculares lesionacdos obtenidas
a partir de aorta tordcies parcing, Sa expusieron
dos tipos de lesion vascular al flujo sanguineo:; su-
bendotelio, que simula lesiones ligeras o erosio-
nes del endotefio (10): ¥ Winica media, que simu-
la lesiones arterisles severas Somo sucede cuando
& rompe una placa aterosclerdtics {10, 14}, La ra-
dicactividad de los segmentos vasculares perfun-
didos se midid en un contadar de radiacidn gam-
ma (Wizard 1470, Wallac), ¥ 0% resultadas se
SXOrEsarcn como nimero de plaguetas deposita-
das por unidad de superficie [PLT's x10%em) (10,
14). Al final del experimento, los animales fueran
sometidos a eutanasia mediante una sobredosis
de KCI {2 M i),

Anilisis estadisticos

Las comparaciones se realizaron con el pro-
grama de estadistica STATVIEW Il (Abacus
Conceps Inc.). Los analisis entre varios grupos se
llevaron a cabo utilizando &l test no parametrico
de Kruskal Wallis, sequida dal tast Mann Witney
para evaluar las diferencias pspecificas antre gru-
pos. Los andlisis para grupos apareados se reali-
zaron con el test de Wilcoxon. Todos log valoras
58 presentan como la media + arror estindar
[SEM); valores de p < 0,05 se consideraron signi-
ficativas,

RESULTADOS

Paramaetros hematoldgicos ¥ de coagulacian

Los pardmetros basales hematoldgicos v de
coagulacion no prasentaron diferencias significa-
tivas entre grupos, EI PT se alargd de manera sig-
nificativa tras la administracidn de FFR-rPVla (p =
0,000, Tabla I). Debido a que [a vida media da ag.
te farmace a las dosis utilizadas 2% corta, 3& reali-
20 la determinacidn de los nivelas de FFR-rFVIla
&n plasma de maneara secuencial ¥ paralela al es-
tudio del PT (Figura 2). L.s determinacionas a par-
tir de muestrac hasales estuvieron por debajo del
limite de deteccidn, confirmands que el test utili-
zado No reconocia el FVILFVILa enddgena, Los cam-
bios obtenidos en el PT se correlacionaron muy
significativamente v de manera positiva con los
niveles de FFR-rFVila en plasma (A= 0,82 p =
0,0007).
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wihich Simulates milg daMage or grq i el
andathalivrm (19), and the Media layer ..uihl. [
.|' 7. 1| I. - i
Simulates severe artarial damage a5 ﬂrc._,.;'
rupiure of an atherosclarotic plaque (10 I;Jl'i'-"-" /
The radisactivity of the perfused vascyjar o
Menis was measureg Using a gammg r..'l‘:.l'r.'.lf:l{:.ﬁ
Colnigr f'a"ll?.e.ard 1470, l-".l"a_rl'le ane the resyirs
were expressad as the number of Platelots
depasited per surface unit (FLTs x 1% iemy
(70, 14). At the end of the experiment the
animals were killed using an ingrg Venous Ky
overdose (2 M),

Statistical analysis

Camparisons were mage L#ng the Statview
I statistics] package (Abacys Concents o).
Analyses between FEvaral groups were carred
our using the Kruskal-Wallis neAparametric test
followed by the Mann- Whitney's U reer for as.
=essing specific differences bepween groups,
Analyses of paired Jroups were performed with
the Wilcoxon tesr, Al values are expressed as
the mean = standard error of tha mean {SEM)
Values of p < 0.05 were COonSidarmg
sgnificant,

RESLILTS

Hematological and coaguiation parameters

Baseline hematological and coagqulation
parameters showed no significant differances
between groups. PT was sigrificantly prolonged
after administering FFR-rEvia o = 0.0001;
Table i). Since the half-life of this drug is short
at the doges used, FFR-rFVila Masma levels
ware sequentally measured in paraiiel to the
study = PT (Figura 2). The determinations in
baseline samples were beiow the detection
mit. confirming that the test used was unabis
{0 detect endogenous FFR-rFVila. The changes
in PT obtained showed a high positive
significant corraiation to plasma FER-rEVTla
lovals [ = 2.82'p = 00007

a7
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TABLA I Valores de PT en situacién basal ¥ tras la administracion de FFR-«FVlla ||' e
TABLE |. PT values at baseline and after FFR-rF\la Edﬂﬂﬂmﬂ'ﬂﬁ' 11 gy gl iy

: P p———— =
it S e e Ry
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"= = 10) N iy v - S n= 18] “'—-". Rt U s Sl >y

e re R T
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A lo largo del procadimianto de trombasis los Throughout the Jrombosis procedure, the
paramatros hamatoldgicos se mantuvieron den- hemataological parameters remained within the
tro de los intérvalos de normalidad para el cerdo narmal range for swine, and no significant
¥ no se encontraron diferencias significativas en- differances were found betweean groups.
tré grupos, El aPTT aumentd tras las hepariniza- APTT increased following heparinization (ratio
cidn {ratio 2.7 = 0,1), péro ni @n este pardmaetra ni 27 = 0.7), but neither this parameter nor
en los niveles de fibrindgeno se vieron afectados fibrinogen levels were affected by FFR-rFVTla
por la administracidn de FFR-rFVla. administration.

&H INVESTHRACION CARDIOVASCULAR, 33; wol, & A" 1

Ry [ T




=
"
d
n
1
¥
B
K
¥
i
1

DHTHERIDN 08 |8 via del factor tisular gn 18 185itn wascular

Agregacion plagquetar ax wive

El tratamianto con FFR-rfVlla no modificd la
agregacidn plaquetaria ex vivg nj en sangre potal
ni &n PRP, cuando se utilizaran colageno y ADP

LOMo agonistas plaguetariosg [las datos ng 58
Mugstran),

Efectos del FFR-rEVIla sobre la depasician
Plaquetaria

El FFR-rPWlla no inhibid Ia depasicion plague-
taria cuanda se perfundid pared vascular ligera-
menta lesionada [control, n = 7: FFR-rFVila 05 mgf
kg, n = 3;: FFR-FVIla 1 mgkg, n = 4) (Figura 3A).
En cambio, la deposicidn plaguetaria desencade-
Nada por pared vascular seveéramente lesionada
fue inhibida significativaments (p < 0,005) tras la
administracion de FFR-rFVila {Figura 3B) (coneral,
N = 14; FFR-rFVila 0,5 mg/kg, n = §: FER-rFy1ja 1
Mgy, n = 8). El efecto inhibitorio mdxime del FER-
rFVlla se observe con la dosis de 0.5 m@fky, no
habiendo diferencias significativas réspecio a la
dosis de 1 mg/kg. Se puede apreciar al analizar la
cinética de deposicidn sobra lesidn severa a|g lar-
g0 del tiempo, que con FFR-rFVila el crecimianto
del trambo se frend entre los cinco v los disg mi-
Nutos, mientras en el grupo contral al crecimjan-
1o fue constants (Figura 38).

e L b dil oy Tt b i k-
.Figura 3, Deposicidn plaquatar yul_mgw.@
-+ alladura de 212 seg" durants cinco i dies minutis

il 0% Ire grupos die dosis. Log resuladds de axpredsr

= -
HFEUR factor Pathway infibition in Yasoular dam ilal]
- i Y

Ex-vivo plateips agqregation

Treatmeny wigh FFR-rF\lla dig O rmodify
pfa':l'-u'l'E{ aggregation ax ViV, in whole blogg
ar in PAP. whan callagen ang ADP wera u;wr.f
as plateler agonises (2ata not Showen)

Effects of FFR-rEvIlg on platelad deposition

FFH—-'-F'I.-"H.:] did not inhibic Platelet deposition
when mildly damaged vascular wall was
perfused (control, n = 7 FFR-rFVila 0.5 mgke
N = 3 FFR-FVlla 1 mgrkg, n = difFigure .0) -
By contrast, platelst depasitian triggersd by
savergly damaged vascuiar wall wasg
significantly inhibited (p < 0.005) 3/t
administering FFR-rF\y feonirol n = 714
FFR-rF\iia .5 mgkg, n = & FFR-AFVla 1 mgkg,
n = &lFrgura 38). The maximum wrvhibitorny
effect of FFR-rFVila was seen with the 0.5 mgkg
dose, with no significant differences CoFfifared
ta the 1 mg/kg dose. When the deposition
kinetics upon severe damage over tima was
analyzed. it was noted that FFR-rFVila arrested
thvombus growth at between five and ten
minutas, whereas constant growth accurred in
the comtrol group (Figure 38).

Flatelet deposition on saveraly damaged
vascular wall showed a weak but statistically
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significant redationship to PT and pasma

La deposicion plaquetaria sobre pared vascu-
FFR-rFViia levels (Tabie il).

ar seversment2 lesionada mostrd una relacidn daé-
bil pero estadisticamente significativa con el PT y
i0a niveles plasmaticos de FFR-rFVIla (Tabila 1),

=
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The clinical signs of COFonary amery dizsass

-
T
=2
o
=
=1
-
:
=
-
-
-
-
=
-
=
-
-
-
-
-
-

Las manifestaciones clinicas de la enfermedad
coronaria estan causadas por la rotura da la pla-
ca aterosclerdtica y, consecuente, exposicion de
Su contenido a la sangre, dando lugar a la forma-
cion de un trombo que interrumpe de manera crd-
mica o aguda & Aujo sanguineo (1-3), ] tratamiento
medico de eleccidn en esta patologia esta dirigi-
oo a la prevencian y disolucidn del trombo. Re-
ciantemente, ha sido propuesta una nueva esira-
tegia terapdutica dirigida a inhibir |a formacidn de
trembina bloqueando la via del TE. En al presen-
te trabajo hemos investigado el efecto del FFR-
rF\lla, inhibidor competitive died TF, sobma |a trom-
bosis desencadenada por lesiones de diverso
grado de severidad,

Muestros resultados demuestran que el FFR-
rFVila es capaz de inhibir la deposician plagueta-
na desencadenada por la exposicién da lesidn was-
cular severa (rotura de la pared vascular] a la
eirculacidn sanguinea. Por al contrasio, &l FFR-rPla
na tiene un efecta significativo en presencis de le-
siones vasculares ligeras (erosidn de la superficie

are due 1o rupture of the atherosclerotic plaque,
with resuffant exposure of the plague contents
to the bloodstream, which leads to formation of
a thrombus that chronically or acutely interrupts
blood flow (1-3). The medical treatrrent of
chaice in this condition is aimed at prevention
of thrombus formation and irs dissalution,

A new therapeutic strategywith the aimed at
inhibiting thrombin formation by blocking the
TF pathway has recently been roposed.

This study investigated the effect aof FFR-rFiia,
& competitive TF inhibitor, upon thrombeosis
triggered by vascular wall lesions of diffarang
degreas of severiny,

The results obtained show that FFR=-rF\lia is
adle to inhibit platelet deposition triggered by
exposure of severs vascular lesions fvascular
wall rupture) fo the bioodstream. By contrast,
FFR-FVila had no significant affect in th
presence of mild vascular damage (erosion of
the vessel surface), which may be attributed
the fact that the mechanisms which trigger

thrombasis under these conditions are ot
dapendent upon the TF pathway. Such mild
vascular damage only induce a very weak
thrambogenic stimulus, leading to platefer

: vascular), lo que puede atribuirse a que los me-
canismos que desencadenan la trombasis en es-
! 1as condiciones no son dependientes de Ia via del

TF. Este iltimo tipo da lesiones inducen un estf-

.I e R -""'F'ﬁllrn'ti ﬁ
1 £ TABLA II._ Correlacion en
| i i o CEFREVIa y la deposicion | :
H _111'3&-1'a ioh Sl lesion. vascular, severa Ut i
) q:fi%‘r&%w iﬂeﬂ-‘ﬂﬁ",'lhm iﬂ""m! : :
: ..':*\":'"'E'i‘. By P uzt Py %ﬂ‘ i P H'-"'“"-fr-‘-"-" ol
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MU0 trombogénico muy poca intensa, dando lu-
gar a la adhesidn plaquetaria, mecanisma inde-
pendients de la cascada de |a coagulacicn v da [a
Geposicion de fibrina (4,10). £l trombo formado en
£5la5 condiciones es de un tamadno muy reducido
¥ esta formado principaimenta BOr una monoca-
pa de plaguetas adheridas a |a suparficie lesiona-
da {11-15). La no participacian del sisterma de la
coagulacion, y por tanta de la via daj TF, &n este
mecanisme, explica que su bloqueo por FRR-rFVita
na influya en el depdsito de plaquatas. Por otro la-
do, las lesiones vasculares severas provocan un
estimulo trombogénico mucha més potents, in-
duciendo la activacidn plaquetaria acompafada
de la activacidn de la via del TF I8, 18, 17). El troms-
bo formado, en este caso, es de un tamiafo con-
siderabla y 58 compone de agregados plagueta-
rios con fibras de fibrina entrelazadas que le
confieran estabilidad ¥ lo anclan firmemants a la
superficia vascular (4, 10, 12-1 5). Ya que la via dal
TF da lugar a la farmacidn de trombina, Ia cual e
la principal responsable de la activacion plague-
taria en situacionas de lasidn vascular (18) asi co-
mo de [a transformacién dal fibrindgena circulan-
te en fibrina, la inhibicidn del TE pusde suponer
una estrategia relevante para la reduccidn del t3-
mafia del trombo. De hech o, diversos estudios
han descrito un efecto antitrombétice con dife-
rentes tipos de inhibidores del TF (7, 19-26).

El bloqueo del TF por EER-rFVIla praduce &l
alargamiento dosis-dependiente del PT, sin alte-
racion del aPTT. La maodificacion del PT ha sidn
previaments descrita iras la administracidn sists-
mica da FFR-rFVlla y otros inhibidores dal TF an
humanaos (27, 28), conajos (20, 25, 26) v ratas [29),
Ademnads, Ia ligera correlacidn que hemos encon-
trado entre los niveles plasmaticos da FE R-rFviia,
el PT y la deposicidn plaguetaria sobre lesidn vas-
cular severa, nos sugiere que probablermente hay
una relacidn entre la via dal TF ¥ la activacidn pla-
quetaria, como se afirma en varios trabajos (22),

El hecho de que la funcionalidad plaguetaria
sea normal tras la adicidn de colageno v ADP a
plaquetas obtenidas de sangre anticoagulada de
animales control v tratados demuestra que ef afee-
o del FFR-FV1la es TF dependiante ¥ NO Bstd im-
plicado en otros efectos antiplaquetarios,

Hasta ahora, existen MUy poCos astudios chind.
©O3 en humanos que evalien @hibidores del TF,
¥l QUE SoN compuestos que todevia estdn an una
fase de estudio bastante inicial. En un estudio an
fase | para evaluar |a farmacocinética, farmacadi-
namica y seguridad del FFR-rFVIl3 administrado
i.v. an voluntarios sanos, Erhardtsen ef al. (28) ob-
Servaron que este compuesto se toleraba muny bien
a dosis entre 0,01 v 0,40 ma'kg, v que praducia

INVESTIGACION CARCHONASCLNL AR, 2003; vaol, & n.” |

"Rue lactor pathway inhibitian in vascular damage

achesion, a mechanism independent fram tha
Coaguiation cascade and fibrn deposition

(4, 10). The f'h'.l'ﬂrhtlus formed urdar HTEEL".'
CONGitions is of a very smalf 5128, andl mainjy
consists of 8 monolayer of plaseiats adherad 1o
the damaged surface (17. 15).

The non-participation of the coagulation
Systerm, and thus of the TF pathway, in this
mechanism explaing why its blockage by
FFR-F\Vila does not influence plateler
deposition. On the other hand, severe vasculpr
damage induce a much mors patent
thrembogenic stimulus, inducing activation of
bath platelets and the TF pathway (8, 18, 17).
The thrombus formed in this case iz of a
considerable sire and consists of platelat
aggregates with intermingling fibrin ffhers thar
confer stability to the thrombus and anchaor it
firmiy to the vascular surface 4, 10, 12-15),
Since the TF pathway leads to the farmation of
fibrin, which is the main respansible for piatelor
activation in situations of vascular damage (158
and for the conversion of circulating fbrinogen
into fibrin, TF inhibition may represent a
relevant strategy for reducing thrombus siza

In fact, various studies have réporied an
antithrombatic effect with differant fypes of

TF inhibitors (7, 19-26),

TF blockade by FFR-rFVila causes 3
dose-dependent profongation of FT. with no
changes in aPTT. PT changes have been
previously reported after systemic
adrministration of FFR-rFVila and other TF.
inhibitors in humans (27, 28), rabbits (20, 25, 26)
and rats (29). Morsover, the minor cofrafation
found in our study between FFR--FVila plasma
fevels, PT and platelet deposition LN Severnn
vascular lesions suggests that a relationship
probably exists between the TF pathway and
platelet activation, as suggested in several
studies (22),

The fact that platelet function is normal after
adding collagen and ADP to platelets abtaineg
frorn anticoagulated blood collected of coritrol
and treated anirmals shows that the effect of
FFR-rFVlla is TF-dependent and is not involved
in other antiplatelet affects, )

To date, very few clinical studies evaluating
TF inhibitors have been conducted in humans,
since st compounds are still in ouite sardy
Stages of research, In one phase | &inical trial
fo assass the pharmacokinetics,
pharmacodynamics and safety of FFR-rF\Vila
aarministered by the intravenous route in
healthy volunteers, Erhardtsen et al. {28) found
that this compound was very well tolerated ar
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una elongacion dosis-dependienta dal PT gin al-
terar @l aFTT. Por otrg lado, actualmente Leneealf
et al. (30) estdn realizando actualmente un estudia
en fase Nl para evaluar |a eficacia y Seguridad de
FFR-rFVila en pacientes sometigos 3 angioplastia
Soronana transluminal percltanes, Reciantermente,
un estudio clinico en fase || realizade con pacien-
85 que padecian septicemia severa ha mastrado
una tendencia a Iy reduecidn da fa mortalidad a
los 28 dias en el Brupo tratads con r-TER) (31).
Enru‘sum&n,ﬁteh'abn}n- a que el big-
queo de la via del TF madiante FFR-rFVlla reduce

que el mecanisma de formacidn del tromia CLi-
do existe una lesidn vascular severs ag depen-
diente dal TF. Saria necesario realizar mas asty-
dios en este campa, especialmente en modelgs
ierosclertticos, va que g nhibicién del TF padria
representar una estrategia terapdutica a conside-
rar en la prevencidn de |a trombosis desencade-
nada por lesionas sterosclerdticas, donde la pre-
sencia del TF es muy relevantsa.
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To summarize, this siudy shows blockade of
the TF pathiwvay using FFR-F\ila reduces the

studias are requirad in this field particularly in
atherosclerotic models, since TF inhibitlon
might offer a therapeutic stratagy for preventing
thrambosis triggered by atherosclerotic lesions,
where the prasance of TF is very relevant,
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Angiographic and ulirasound annlyses of the coronary
arencs have confirmed the importance of acute thrombosis
B3 the pramary cause of myocardial infarction and acuis
Coronary syndromes. Intravenous trenlments aimed af
recanalizing the obstructed arteries can help achicve acute
reperfusion of the organ, but often & thrombus-triggering
Plaque remains sctive for some fime, It is mot yet known
how long a plague remains active, but it has been shown
that systemsc markers of coagulntion reman clevated as
long a5 & months after the event. The presence of a residual
mural thrombug overlying an active plague predisposes
o recurrent thrombotic  vessel eoclusion. A frag-
mented thrombus appears to be one of the most powerful
thrombogenic substrates, and residual thrombus  may

predispiss (o rerurrent thrombosis, Non-acute, chronie
antithrombotic treatments and pharmacological interven.
tions should aim to Block thrombosis and preserve vascielar
prostacyclin formation, Experimental work has shiown tha
both asperin and triffusal inhibit the growth of & thrombus
on & fresh miural thrombus to the same extent, but triffuss|

trfusal at the vascular level i in progress,
(Eur Heart J Supplements 2001: 1 (Suppl e [16-122
0 200) The European Society of Cardiology

Key Waords: Atherogenesis, lipids, platelets, thrombosis,
triflusal,

Factors that favour the development of
thrombi on atherosclerotic plagues

Thrombosis on atherosclerotic plaques produces the
clinical manifestations of arteria)l ii:cuf'-“. Various

. components of atherosclerotic plaques have been shown

to elicit specific types of thrombogenic activity, For
example, lipid-rich plaques are uUp 1o six times as
thrombogenic as all other types of plaque components™,
The exact mechanisms of thrombogenicity of the lipad
core are still under investigation. Lipid cores are rich i
tissue factor (TFYP*, and this may account for some or
most of their thrombogenicity, Thus, blocking tissue
factor with a recombinant tissue factor pathway inhibi-
tor has been shown 1o reduce the thrombogenicity of
athe:uselerotic plaguest™

The origin of TF appears to be within macrophage-
derived foam cells™® 7 [y apecimens obtained during
directional atherectomy, larger macrophage-rich areas
were found in patients with unstable COTOOArY Syns
dromes than in patients with stable angina. Moreover,
there was a significan: correlation between  these
macrophage-rich areas and positive staining for TF in

Corresponclence: Professar Lina Badimen, Centro de Inwesligacian
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the lipid core may also be derived from sources other
than monocytes, which have yet to be fully investigated,

Anaﬂdiﬁunﬂpunlnfﬁh:h:ﬂ:fﬂundinﬂnhimd
stream; however, its origin has yet 1o be determined and,
although endothelial cells, macrophages, smooth muscle
cells and myocardial cells may be the source of cireulat.
ing TF, it may also derive from blood moRocytes,
neutrophils, or both. Tissue factor antigen has been

surface of platelets”. In addition, monocytes and nes:-
trophls rich in TF have been id==ified in peripheral
blood, and the search for sources of TF continues to he
an arca of active research,

There is substantinl experimental and clinical evidence
that o primary hypercoagulable or thrombogenic state
in the blood stream ean promote focal thrombus
formation' . This is of particular importance when
considering the risk of complicating thrombosis afer
Plaque rupture, and confirms that factors in addition to
the athercsclerotic plaque are of great importance in

i 2001 The European Society of Cardiology
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assesting thrombotic sk Systemic factors, including
alterations in lipid and hormonal metabolism, haemo-
tasis, fibrinolysis, and platelet ang lenkocyte function,
are known to be associated with increased blood
reactivity  and thrombogenicity. Increased plasma
levels of catecholamines may favour platejs; TESCTIviLY.
Platelet aggregation and the generation of thrombin by
circulating  catecholalmines have been documented
experimentally "%, and this association pmb-u.h[? helps
0 explain the link between emotional s 4 and
circadian variation (ie. carly mormi clustering of
svents with myocardial infarction)’™ ™ There is
increasing evidence of enhanced platelet reactivity in
cigarette  smokers™ W The association  between
enhanced thrombogenicity and smoking is further con-
firmed by the sharp decline in acute vascular Evenis,
most often assoctated with thrombosis, when smoking
ceases’ -4

Hypercholesterolaemia has heen lmked with hyper-
coagulability and enhamced platelet reactivity in
aumerous studies™ " Younp patients with a strong
lamily histary of coronary arlery disense seem Lo have
increased plateler reactivity. It should be noted that the
hypercoagulable state associated with hypercholestero-
laemia can be reversed ifﬂidlntlu:r:nurrnnﬂa:dnith
lipid-lowering therapy®-2.30.39

Among the new risk factors for arterial thrombosis
and for atherosclerosis is homocysieine. This substance
increases TF activity in endothelial cells [possibly in
COnjunction with lipoprotein(a)], and inhibits the EXpinEs-
sion of endothelial cell surface thrombomodulin (the
substance ceatral to the activation of protein C) and the
binding activity of antithrombin I to endothelial
heparin sulfate. Homocysteine, through these various
mechanisms, seems to reduce the naturnl anticongulant
propertics of the normal endotheljum™-

Abnormalities in the fibrinolytic pathways [ead 1o
increased Ih:mnbﬂgmj:ri.:kinlnﬁnu with coronary
artery disease™ ™, A correlation between high levels of
plasminogen activator inhibitor-1 (PAL-1), lissue-type
plasminogen sctivator angd crosslinked fibrin with the
progression of atherosclerotic disease has besn docu-
mented. Furthermore, it has been shown that plasma
levels of fibrinogen, von Willebrand factor (vWF) and
tssue-type plasminogen activator in patients with
Angina pectons are independent predictors of subse.
quent myocardial infarction or sudden death®9, High
levels of PAIL.]l correlated '.-'Eﬂnh:dml:u:rﬂlﬂﬂ!h
patients with some types of dyslipidamia, Although this
Suggests a potential mechanism by which }, sercholes-

 terolaemia is associated with increased thrombegenicity,
the association of PAL-| with coTonary artery disease
and acule myocardial infarction s unclear, and reports
published so far are contrads !,

Other haemostatic protzing have also been investi-
guled with regard 10 their roje as thrombogenic risk
factors. Several prospective studies have concluded that
high plasma fibrinogen concentrations are independent
risk factors for Coronary artery disease and myocardial
infarction™. The mechanism by which fibrinogen

contributes to atherogenesis is no well understood:
hypotheses include incrensed fibrin formation, increased
viscosity, platelet aggregation and sumulation of smoath
muscle cell proliferation, Fibrinogen levels correlate
with age, degree of obesity. hyperlipidaemia, dinbetes,
smoking and emotional stress — all conditions that are
themselves associated with atherosclerosis,

Coronary vasospasm may play an important role in
the pathogenesis of acute coronary syndromes, as docu.
mented  in electrocardiographic  and Angiographic
studies™'! In minor plague disruption with a smaj
thrombotic response, vasoactive substances can still be
released by both the platelet and the arterial wall,
further compromising coronary blood Aow. Coronary
artery vasodpasm was found to be an important con-
tributor to the phenomenan of intermittent coronary
artery occlusion in patients with acute myocardial
Infareton.

Clinical manifestations of
atherosclerotic plagues

The clinical manifestations of atherosclerotic plagues
depend on severs) factors, including the degree and
abrupiness of blood fow obstruction, duration of
decreased myocardial perfusion, myocardial oxygEen
demand at the time of the biood fow obstruction, and
the extent of the thrombotic response o plaque disrup.
tion. Plague disruption (whether by erosion or rupture)
may be accompanied by haemorrhage into the plague
and & wvariable amount of luminal thrombosis, If
the thrombus is small, plaque disruption probably
proceeds unnoticed. If the thrombaus is largs enough to
compromise blood fow through the coronary artery,
however, the individual Mmay exXpericnce an acute
ischaemic syndrome.

documented the presence of intraluminal thrombi in
both unstable angina™ ¥ and seute myocardial
infarction!*"

It is likely that when injury to the vessel wall is muld,
the thrombogenic stimulus is relatively limited and the
resulting thrombotic occlusion is transient, as occurs in
unstable angina' ¥ However, deep vessel injury, as seen
with plaque rupture, results in the EXposurs of ilagen,
lipids and other intravascular components, leading to
more persistent thrombotic occlusion and acute myo-
cardial infarction™, Unstable angina, non-Q-wave and
Q-wave myocardial infarction represent a continuum of
the same disease process and, in contrast to stahle
angina, are usually characterized by an abrupt reduction
in coronary artery blood Bow™ [n unstable angina,
occlusion of the thrombotic vessel tends o be transient
and episodic, leading to anginal symptoms at rest,

Eur Heart J Supplements, Vol. 3 iSappd 1) August 7001
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In addition to the effects of plaque disruption, other
mechanisms may contribute 1o the reduction in coronary
fHow. As mentioned earlier, platelets that have artached
to the disrupted plague release vasoactive substances,
i mg thromboxane A, and serotonin, which pro-
mote the aggregation of more platelets in the area and
thus induce vasoconstriction, Alterations in perfusion
probably aceount for 60-70% of all cases of unstable
angina. The remainder appear 1o be mainly due to
transient increases in myocardial oxygen demand™

In non-Q-wave myocardial infarction, the angio-
graphic morphology of the culprit lesion is similar 1o
that seem in unstable angina, confirming that plague
disruption s commen to both syndromes. Howewver,
about 25% of the patients with non-C)-wave myocardial
i ; totally oceluded infarct-related artery
on early angiography, with the distal myocardium sup-
pliadbfmlhl:rﬂmw.'l‘hﬂpmﬂfﬂ-
segment elevation in the electrocardiogram, an carly
peak in plasma creatine kinase concentration, and a high
i i patency of the infarct-related

pathogenesis of most Boa-{)-wave

myocardial infarctions. Thus, limiting the duration af

myocardial ischaemin, spontaneous lysis of the throm.

bus, resolution of the vasospasm, or a well-developed

circulation, can prevent the formation of
Q-wave myocardial infarction™",

Deep arterial injury or uleeration results in the farma-
tion of a fixed, persistent thrombus beading to the abrupt
cessation of myocardia) perfusion and necrosis of
Q-wave myocardial infarctionl™ The COTORATY artery
lesicn responsible for the infarction 5 frequently only
mildly to moderataly stenotic, sugpesting that plague
ruptire with subsequent thrombosis rather than the
severity of the underlying lesion is the Primary source of
the occlusion®™!l, Although a single severe stenosis can
occlude more frequently than less SEVEre stenoses, lesser

© Stenoses account for more cOronary artery occlusions
because they are more frequen ™) Furthermore, the less
mmmm“hl&nﬂkﬂrmhmo:inmmm
protective collateral arcilation, and thus occlusion s
mare likely to lead to an acute clinical event*Y, In
approximately 25% of patients with Q-wave mfarction,
coromary thrombosis results from superficial intimal
injury in association with high-grade stenosigl=1

The acute onset of malignant ventricular dysrhyih-
mias (ventricular tachycardia and ventricr'ar fibril-
Iation) to account for the syndrome of sudden
cardiac death™, However, two distinet mechanisms
play a role in the pathogenesis of these dysrhythmins.
First, in patients with a substraze for the generation and
maintenance of malignant ventricular dysrhythmias
(such as extensive myocardial mfarction or cardio-
myopathy), an episode of such dysrhiythmia can lead to

sudden cardiac death™ Second. a rapidly progress-
ing coronary artery lesion, in which plaque rupture
and subsequent thrombosis lead to acute myocardial

Eur Heast | Supplesnents, Vol, 1 [Suppl 1) Augus 200]
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hypoperfusion in the absence of collateral flow, may alsg
induce malignant ventricular dysrhythmias and sudiden
cardiac degthi3

Platelet activation and agonists of
platelet activity

Exposed matrix from the vessel wall and thrombig
generated by the activation of the coagulation cascade,
along with circulating agomists, may be powerfy] platelss
i telet aggregation 2RO0ss seem o
act through the hydrolysis of platelet membrane phos-
phatidylinositol by phospholipase C, which results in the
mobilization of free caltium from the platelet-dense
wbular system. Adencaine diphosphate (ADP) i5 5
plateict agonist that may be relegsed from haemolysed
ted cells in the arca of veasel njury. Each agonist
stimulates the discharge of calefum from the platelet.
dense tubular system and promotes the contraction of
the platelet, with the subsequent release of its granular
contents. Platelet-released ADP and serotonin stirmulnte
adjacent platelets, further enhancing the process of
placciet activation. Arachidonate, which is released from
the platelet membrane by the stimulatory effect of
collagen, thrombin, ADP and Serodonin, 8 another
platelet agonist. Arachidonate is converted to throm.
boxane A; by the sequential effects of cyclooxygenase
and thromboxane synthase, Thromboxane A; not only
promotes further platelet nggregation but i alsp g
polent vasoconstrictor. Platelel receptors for thrombin,
epinephrine, thromboxane Ay and Platelet-activating
factor have been cloned apd shown 0 ressmbile

The signal transduction mechanjsms initiated upon
binding of agonists 1o membrane-spanning receplors on
the platelet surface have besn partially elucidated.
Agonist binding trigpers cascades of intraceliular second
mezscogens, incleding mositol 1.4, 5-triphosphate and
diacylglveerol. Inositol 1.4, 3-triphosphate releases Cal*
from the platelet-dense tubular system, raising the
cytosolic concentration of Free Cp?*, Dracylglycerol
activites protein kinase C, a serinefthreonine kinase,
translocating it to the plasma membrane and triggering
Eranule scretion and fitrmogen receplor exposure
(elycoprotein ITH/ITIa complex). At the same time, the
rising concentration of cytosolic free Ca’* Facilitates
arachidonate relee~ from phospeinlipids by phospho-
lipase A,, & process that may occur at both the plasma
membrane and the dense tubular sysiem membrane.
Arachidonate is metabolized 1o thromboxane A, which
diffuses out of the cell, interacts with receptors on the
platelet surface, and causes further platelet activation.

The initial recognition of vessel wall damage by
platelets involves: (a) adhesion, activation and adher-
EACe [0 recognition sites on the thromboactive substraie
(extracellular marrix protsing, ep. vWE, collagen,
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Figure | Schematic diapram of platelet receptors and sctivation
pathways (thin arrows). Classes of drugs that block receptors or

pathways are shown (thick arrows),

fibronectin, vitronectin, laminin); (b) spread of the plate-
lets on the surface; and (<) aggregation with ench other
o form a platelet plug or white thrombus, The efficiency
of platelet recruitment will depend on the underlying
substrate and local grometry, In the final step of throm-
bus formation other blood cells are alsg recruited, and
erythrocytes, neutrophils and occasionally monocytes
can thus be found on evolving mixed thrombi,

Flatelet function depends on adhesive intersetions,
and most of the glycoproteins on the platelet membrane
surface are receptors for adhesive proteins. Many of
these receptors have been identified, cloned, sequenced
and classified within large families of genes that mediate
a vanety of cellular interactions. The most abundant
8 the integrin family, which includes GPIIb/IIa,
GPla/lla, GPIe/Mla, the fibronectin mecepior and the
vitronectin receplor, in decreasing order of magnitude.
Another gene family present in the platelet membrane
slycocalyx is the leucine-rich glycoprotein family repre-
seated by the GPIWIX complex, a receptor for vWF on
upstimulated platelets that mediates adhesion to the
subendothelium and glycoprotein Vi**-%1

Randomly distributed on the surface of reating plate-
lets are about 50000 mobscules of GPIIWIIla. The
complex is composed of one molecule of GPIb
(disulfide-linked heavy and light chains) and one of
GFllla (single polypeptide chain). It is a Ca®".
dependent heterodimer non-covilently associated on the
platelet membrane!™. Calcium is required for maintea-
ance of the complex and for binding of adhesive pro-
teins. On activated platelets, GPIINIa is a receptor for
fibrinogen, fibronectin, vWF. vitronectin and throm-
bospondin®™™. The receptor recognition sequences are
localized to small peptids uences  (Arg-Gly-Asp
[RGD]) in the sdhesive proteins®™], Fibrinogen contains

two RGD sequences in its a-chain, one near the
N-terminus (residues 95-97) and a second near the
C-terminus (residues 572-574)%3, Fibrinogen has a
second recognition site for GPIIWIIIA, the 12-amino-
acid sequence located at the carboxyl-terminus of the
y-chain of the molecule. This dedecapeptide s specific
for fibrinogen and does not contain the RGD sequence,
bul competes with RGD-containing peptides for binding
to GPIIbA]a,

Thrombin, one of the most potent known agonists for
platelet activation and recruitment, plays an important
role in the pathogenesis of arterial thrombosis, The
thrombin receptor has 425 amino acids with seven
transmembrane domains and a large NH,-terminnl
extrncellular extension that is cleaved by thrombin to
produce a ‘tethered” ligand that activates the receplor (o
initiate signal transduction®™ ", Thrombin i a critical
enzyme in early thrombus formation, cleaving fbni-
nopeptide A and B from fibrinogen to yield insoluble
fibrin which effectively anchors the evolving thrombis,
Both free and fibrin-bound thrombin are able 10
convert fibrinogen to fbrin, allowing propagation of the
thrombus at the site of injury.

Therefore, platelet activation triggers  intracellwlar
signalling and the expression of Paele! membrane
receptors for adhesion and injtiatiou Ll cell contractile
processes that will induce shape changes and secretion of
the gramular contents, The expression of integrin [1h1a
(allbb3) receptors for adhesive glycoprotein ligands
(mainly fibrinogen and vWF) in the circulation initiate
platelet-to-platelet interaction. The process is perpetu-
ated by the amrival of platelets from the circitlation,
Most of the glycoproteing in the platelst membrane
surface are receptors for adhesive proteins or mediate
cellular interactions (Fig, 1).

Eur Heart J Supplements, Val, 1 [Suppl [} Augesi 2001
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Sustained activation

Residual thrombi on atherosclerotic Plagues elicit sus-
ined thrombotic activity, as shown by measurements
of biological markers of the coagulation cascade and
platelet activity. However, spontaneous lysis of the
thrombus can ocour in unstable angina and in acute
myocardial infarction®™ 1 [n these patients, as well as
in these undergoing thrombolysis for acute infarction,
the presence of a residual mural thrombus predisposes to
recurrent thrombotic vessel occlusion™ ™. Ressarch
has thown that a residunl mural thrombus may eneroach
Into the vessel lumen, increasing the shear rate and thus
facilitating the activation and deposition of platelets on
the lesion™ ™ Additionally, the surface of a frag-
mented thrombus appears to be one of the most power-
ful thrombogenic stimuli, Platelet deposition is two- to
fourfold as great on a residual thrombus as on & desply
injured arterial wall®™. In a canine model of coronary
thrombolysis, reccclusion of a recanalized artery was
related mainly to hugh loecal thrombin activity on the
surface of the frmgmented thrombust™
Blockade of secondary thrombus growth on & pre-
formed residual mural thrombus s an important thera-
Peulic target to prevent reischaemis agd reinfarction.
The pharmacological approach to preventing secondary
thrombus growth requires chronic oral treatment with
Mifigr or oo side-effects; however, we sill do mot know
from a pathophysiclogical standpoint how long treat-
ment should last. Thrombin seems to be one of the
prmary agonists of platelets in thrombus growth on
preformed thrombi®!. Afier lysis or fragmentation of an
ongoing thrombus, thrombin may be exposed to the
circulating blood, keading to platelet activation and
deposition, activation of coagulation and further throm-
bosis™ ™, Finally, aside from active thrombin from the
clot itself, recent studies have Suggested that platelet or
thrombin nctivity is also enhanced by the thrombolytic
agenis themselves,

Triflusal, an inhibitor of platelet
aggregation

Triflusal [I{mtrtm}.r}-d-{mﬂuﬂrnmﬂhmh:nmh acid],
a platelet aggregation inhibitor structurally related to
acetybalicylic acid, inhibits thromboxane A, lormation
irreversibly inhibiting platelet cyclooxnypenase-|
activity. At therapeutic doses it has igibie or very
weak effects on prostacyclin biosynthe. ™ In addition,
triflusal is an inkibitor o cAMP phosphodiesterase,
and is capable of increasing platclet levels of cAMPTT
s main  metabolite  in plasma,  3-hydroxy-4-
{mﬂmmnﬂirl}h!nmi: acid, it more potent than
triflusal as an inhibitor of cAMP- hosphodiesterase,
and has a longer half-life (34-3 - AL therapeutic
doses, the risk of haemorrhage associnted with triflusal js
very bowi-43]
The Triflusal in  Myocardial Infarction (TIM)
study™™ showed that, in the acute phase of myocardial

Eur Heag | Supplements, Yol 3 [Suppl [} Augusi 200)

infarction, the efficacy of triflusal is similar to that of
aspirin when measured as the reduction in eardige
events. Moreover, triflusal significantly reduces the
meidence of non-fatal cerebrovascular events™!, Syb.
group analyses showed that, in patients treated with
thrombolysis, aspirin was associated with higher risk
of baemorrhagic cerebrovascular events thas was
triffusal®®,

enzyme is formed through the TF activation pathway,
We have previously reported thar specific thrombin
inhibition markedly curtails platelet and fibrinogen
deposition onto a fresh mura) thrombug®® ™™ oy,
ever, for non-acute, chronic dntithrombotic treatments
and pharmacological interventions aimed at blocking
thrembosis and preserving vascular prostacyclin forma.
tion, the most appropriate goals of therapy should be 1o
ameliorate the continwous prothrombotic triggering pro-
cess and foment local vascular homeostasis, In an exper-
mmental animal model we have tested the efficacy of
aspirin and triflusal in inhibiting secondary thrombus
formation and profecting vascular cyclooxygenase, Both
drugs inhibit the growth of a thrombus o & [resh muoral
thrombus to the same extent, but triffusal was found 1o
preserve cyclooxygenase-2 activity in the vessel wa[F*™
Research to uncover the mechanism of action of triflusal
at the vascular level is in progress,
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