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LISTA DE ABREVIATURAS

AMI: acute myocardial infarction

APC: proteina C ativada

AVC: acidente vascular cerebral

CAD: coronary artery disease

DAC: doenca aterosclerética coronariana

DCV: doenga cardiovascular

eNOS: endothelial nitric oxide synthase, 6xido nitrico sintetase endotelial
FvW: fator von Willebrand

FV: fator V

FV leiden: mutagéo fator V Leiden (Arg506GIn)
FVII: fator VII

HT: 5-hidroxitriptamina ou serotonina

IAM: infarto agudo do miocardio

I/D: polimorfismo de insercio/delecéo

IM: infarto do miocéardio

MMP: metaloproteinase de matriz

NO: nitric oxide

NOS: nitric oxide synthase

ON: oxido nitrico

PAI-1: inibidor tipo 1 do ativador do plasminogénio
TIMP: inibidor tissular especifico de metaloproteinase de matriz

t-PA: ativador tipo tissular do plasminogénio



CAPITULO 1

Introducéo

As doencas cardiovasculares (DCV), principalmente o infarto do miocardio,
permanecem como uma das principais causas de morbidade e mortalidade nos Estados
Unidos, Europa e Brasil. No Brasil, as doencas cardiovasculares sdo responsaveis por cerca
de 30% dos 6bitos, e por 35% dos 6bitos no Rio Grande do Sul. No Rio Grande do Sul, o
namero anual de oObitos por causa isquémica € de aproximadamente 8.500, por causa
cerebrovascular, de 7.350 e decorrentes de infarto agudo do miocardio (IAM) somam 5.750

(dados do Ministério da Saude referentes a 2001, http://datasus.gov.br).

Uma forma de dimensionar a importancia da identificacdo e prevencédo dos fatores de
risco no Rio Grande do Sul, é a comparacdo dos dados referentes a mortalidade (GIANINI,
1998). Os coeficientes de mortalidade por coronariopatia em homens (numero de
0bitos/100.000 habitantes) observados em Porto Alegre (402,2 6bitos/100.000 habitantes),
Rio de Janeiro (402,2/100.000) e Curitiba (389,3/100.000) s&o muito similares aos
observados em paises como a Finlandia (481,5/100.000), Hungria (445,8/100.000) e
Inglaterra (429/100.000). Em relacdo as mulheres, Porto Alegre estd em quinto lugar quanto
ao numero de Obitos decorrentes de coronariopatia (123.8/100.000), precedido por Rio de
Janeiro (143,2/100.000), Curitiba (135,4/100.000), Campo Grande (SP) (133,9/100.000),
Hungria (131,4/100.000) e Inglaterra (114,2/100.000).

Os esforgos de prevencdo e tratamento das DCV séo baseados no reconhecimento e
controle dos fatores de risco. Além dos fatores de risco classicos (hipertensdo, dislipidemia,
tabagismo, sedentarismo e histdria familiar), outros tém sido propostos, a fim de explicar a
incidéncia das doencas cardiovasculares e mais especificamente o infarto do miocéardio,

principalmente em idade precoce.

O IAM resulta da necrose miocardica, causada pela interrup¢cdo do suprimento
sangliineo por um periodo prolongado de tempo. O diagnoéstico é feito quando encontramos
pelo menos 2 dos seguintes critérios: caracteristicas clinicas (dor toréacica tipica),
eletrocardiogréaficas e bioquimicas (elevacdo das enzimas creatinofosfoquinase fracdo MB e

troponina, principalmente).

A nova classificacdo para as sindromes coronarianas agudas proposta recentemente
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compreende uma ampla variedade de formas clinicas de apresentagdo da doenca
coronariana, incluindo angina instavel, infarto do miocardio sem supradesnivelamento do
segmento ST (IAM sem supra), infarto agudo do miocérdio tipo Q (IAM) e morte subita (The

Joint European Society of Cardiology/American College of Cardiology Committee, 2000).

Embora os mecanismos patogénicos do infarto possam ser mdultiplos, cerca de 50%
dos infartos do miocardio resultam da formacdo de um trombo sobre o sitio de ruptura de
uma placa aterosclerética (FUSTER ef a/., 1990; 1992; DAVIES, 1996). Em 1958, o0 processo
aterosclerético era definido como uma combinacdo de alteracBes degenerativas da intima
das artérias, acumulo de moléculas lipidicas, tecido fibroso, calcio, sangue e alteracdes na
camada média das artérias (FUSTER, 1994). Desde 1973, a hipétese da resposta a lesdo é
aceita e revista nos seus detalhes. De acordo com essa hipGtese a aterosclerose é vista
como um processo inflamatério progressivo que inicia geralmente na infancia e se manifesta
na idade adulta, na forma de eventos clinicos como a angina instavel, o infarto agudo do
miocardio e a morte subita (ROSS & GLOMSET, 1973; ROSS, 1993; 1999).

A ruptura da placa aterosclerdtica e posterior trombose sdo complicacfes de lesbes
ateroscleréticas em estagio avancado, cuja ruptura ativa a cascata de coagulacdo sanguinea,
iniciando-se a formacdo do trombo e a subseqiiente oclusdo da artéria. Geralmente, a
ruptura ocorre nos sitios de menor espessura da placa e os sitios mais propensos a ruptura
ou erosdo resultam da ativacdo de macrofagos que liberam enzimas proteoliticas que irdo

degradar a matriz extracelular.

As lesBes aterosclerdticas iniciam como um processo inflamatério, através do
acumulo de macréfagos (derivados de mondcitos) e linfocitos T no subendotélio. Apds, essas
lesBes iniciais se transformam em lesdes proliferativas através da infiltracdo de fibroblastos e

acumulo de matriz extracelular (FIGURA 1).

Modelos animais e observacbes em humanos demonstram que o fator que
desencadeia o0 processo aterosclerético € a disfuncdo ou lesdo endotelial. As causas mais
provaveis de disfuncdo endotelial sdo modificacdes oxidativas nas particulas lipidicas, radicais
livres, infeccdo por microrganismos (como Chlamidia e herpesvirus) e diferentes
combinacdes desses fatores. A disfuncdo endotelial resultante altera as propriedades
hemostéaticas do endotélio, que incluem o aumento da adesividade e permeabilidade a
leucdcitos e plaquetas. O endotélio assume um estado procoagulante através da formacao
de moléculas vasoativas, citocinas e fatores de crescimento. A resposta inflamatéria estimula
a migracao e proliferacdo de células musculares lisas, espessamento e dilatacdo graduais da

parede arterial, o que caracteriza o processo de remodelamento.
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O acumulo continuo de células mononucleadas, a proliferacdo e migracdo de células
musculares lisas e a formagdo de tecido fibroso reestruturam a lesdo aterosclerética,
recobrindo-a com uma capa que protege o chamado nuacleo necrotico (formado por
leucdcitos, lipidios e restos celulares). Na maioria dos casos, a ruptura de uma placa
ateroscleroética estd associada a hemorragia intraplaca e a formacédo de trombos no nucleo

necroético exposto (revisto em ROSS, 1999).

O processo de adesdo plaquetaria é crucial para a progressdo destas lesBes
ateroscleréticas. As plaquetas tém a capacidade de aderir ao subendotélio, colageno e
macrdfagos e uma vez ativadas, liberam o contetido de seus granulos (citocinas e fatores de
crescimento). A ativacdo das plaquetas também libera substancias vasoconstritoras e outras
substancias que podem amplificar a resposta inflamatéria. Plaquetas ativadas acumulam-se
na parede arterial e recrutam plaquetas circulantes. Um dos principais componentes desse

processo é o complexo Ilb/llla, situado na superficie das plaquetas.

Assim, alteracdes relacionadas a funcdo endotelial, atividade plaquetaria, coagulacdo
e fibrindlise poderiam ser consideradas potenciais fatores de risco para o desenvolvimento
de um quadro de infarto do miocardio. O presente estudo pretende avaliar o papel de
diversos fatores de risco genéticos, possivelmente associados ao IAM, numa populacdo

caucaso6ide com idade inferior a 60 anos.

1. O Fator von Willebrand

O fator von Willebrand (fvW) é uma glicoproteina multimérica composta por diversas
subunidades (com cerca de 250 kDa cada), ligadas por pontes dissulfidicas; podendo
alcancar mais de 20.000 kDa. O gene do fvW localiza-se no cromossomo 12, apresenta
aproximadamente 178 kb e contém 52 éxons. O fvW é produzido por células endoteliais e
megacariocitos, podendo ser encontrado no plasma, granulos plaquetarios e endotélio. O
fvW possui duas funcBes essenciais na hemostasia: mediar a adesdo plaquetaria ao
subendotélio e ligar-se ao fator VIII, protegendo-o da degradacdo (ZIMMERMAN & MEYER,
1982; GIDDINGS, 1988; NICHOLS et al, 1991; TUDDENHAM & COOPER, 1994; SADLER,
1998). No caso de lesdo endotelial, 0 fvW liga-se a constituintes do tecido conectivo e
plaguetas, retendo-as no sitio da lesédo; assim o fvW tem sido referido como um marcador de
lesdo endotelial (SADLER, 1998).

Boneu, em 1975, foi o primeiro autor a propor a dosagem do fvW como um indice de

lesdo endotelial em individuos com isquemia ou septicemia (MANNUCCI, 1998), desde entéo,
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diversos trabalhos analisaram a relacdo desse fator em situacBes clinicas envolvendo o

endotélio vascular.

JANSSON et al. (1991) verificaram que altas concentracbes de fvW foram
independentemente associadas tanto com IAM recurrente, como com mortalidade pés-1AM.
CORTELLARO et al. (1992) estudaram o efeito dos niveis de fvW em uma amostra de
individuos com doenca vascular preexistente e verificaram uma associacao positiva entre os
niveis apresentados e a ocorréncia de eventos subseqiientes. Entretanto, SCHMITZ-
HUEBNER et a/. (1988) ndo observaram uma associacdo significativa dos niveis de fvW e a

extensdo da aterosclerose, em um estudo com pacientes anginosos.

THOMPSON et al. (1995) estudaram pacientes com angina, provenientes de 18
centros da Europa, em relacdo a incidéncia de eventos vasculares (IAM ou morte subita) e
observaram um aumento na incidéncia de tais eventos associado a niveis elevados de fvW.
OSSEI-GERNING et a/. (1998) sugeriram que os niveis de fvW poderiam ser utilizados como
um marcador de risco, por sua associacdo com a presenca de lesdes ateroscleroticas. Da
mesma forma, niveis elevados de fvW foram significativamente associados a doenca

aterosclerética coronariana em caucasoides do Rio Grande do Sul (PALUDO, 1999).

LOPES et al. (1998) observaram que em pacientes com disfuncéo endotelial pulmonar
(causada por hipertensdo pulmonar), alteracées nos niveis de fvW circulante apresentaram
valor progndstico, uma vez que 0s pacientes que apresentaram acentuadas elevacdes desse

fator foram aqueles com menores possibilidades de sobrevida no periodo de um ano.

Em nosso grupo, observamos aumentos significativos nos niveis plasmaticos de fvW
em mulheres portadoras de cancer de mama (ROHSIG et a/, 2001) e em pacientes com
carcinoma coloretal (DAMIN et a/., 2002). Eleve¢bes nos niveis circulantes de fvW também
foram associadas ao estadiamento e progressdo do tumor durante o processo angiogénico
por SCHWARTZMANN et al. (2001).

Recentemente, um polimorfismo de DNA localizado na regido promotora do gene do
fvW denominado G-1185A foi associado a elevagBes nos niveis plasmaticos desse fator.
Aparentemente, esta associacdo € mediada pela ligacdo diferencial de proteinas nucleares
envolvidas na regulacdo da expressdo do gene (KEIGHTLEY et al/, 1999). No entanto,
SIMON et al. (2002) mostraram que essa variante nao foi associada aos niveis circulantes de
fvW, apesar de apresentar diferentes frequéncias génicas em dois grupos étnicos brasileiros.
Di BITONDO et al. (2001) e SIMON et al. (2003) ndo encontraram associacdo entre a

variante G-1185A com os niveis circulantes de fvW e com o risco de doenga coronariana.
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2. A Serotonina

Em caso de lesdo endotelial, imediatamente ocorre vasoconstricdo, formagdo do
tampdao plaquetario e reparo vascular (WU & THIAGARAJAN, 1996). Na superficie plaquetaria
sdo expressos diferentes receptores glicoprotéicos de membrana, que irdo interagir com
fatores de coagulacdo e substéncias de adesdo e agregacdo plaquetérias. Geralmente,
eventos coronarianos como angina instavel ou 1AM resultam da formacdo de um agregado
plaquetario e da ativagdo da cascata de coagulacdo no local onde o endotélio foi danificado
(FUSTER et al., 1992).

Durante a agregacdo plaquetaria, sdo liberadas diversas substancias como a
serotonina (5-hidroxitriptamina, 5-HT), tromboxane e nucleotideos de adenina (ADP e ATP),
0 que desencadeia o0 recrutamento e ativacdo das plaquetas circulantes e culmina na
formacédo do trombo (ZUCKER et al., 1985). A serotonina apresenta diversos efeitos sobre a
parede vascular, favorecendo a trombogénese, a mitogénese, além de ter efeito
vasoconstritor (YOKOYAMA et al, 1983; McFADDEN et al, 1991; VANHOUTTE, 1991;
KAUMANN et al., 1994).

Em individuos com hipercolesterolemia familar, onde a doenca aterosclerdtica ocorre
precocemente, concentacfes de serotonina plaquetéaria e circulante mostraram-se alteradas
(SMITH & BETTERIDGE, 1997). Concentracdes elevadas de serotonina foram associadas a
doenca coronariana e eventos cardiacos, principalmente em pacientes com idade precoce, no
trabalho de VIKENES et a/. (1999). KOROVESIS et al. (2000) observaram um aumento nos
niveis de serotonina durante o procedimento de angioplastia coronariana, indicando a

ativacao do sistema plaquetario, comum durante esse tipo de procedimento invasivo.

O efeito vasoconstritor da serotonina é principalmente regulado através da acdo dos
receptores 5-HT, situados na superficie de plaquetas e células musculares lisas. Até o
momento, foram descritos 3 subtipos de receptores: 5-HT,A, 5-HT,B e 5-HT,C. O gene do
receptor 5-HT,A é expresso nas plaquetas e artérias coronarias (VANHOUTTE et a/., 1991;
HUMPHREY et al, 1993; ULLMER et al, 1995). Os receptores 5-HT também interagem
sinergisticamente com molélulas lipidicas, estimulando a mitogénese e ativacdo de plaquetas
(KOBA et al. 1999; MACCARRONE et al., 2003). O gene 5-HT,A localiza-se no cromossomo
13, apresenta um tamanho de 20kb e esta organizado em 3 éxons e 2 introns (SPARKES et
al., 1991; CHEN et al., 1992). Um polimorfismo de DNA denominado T102C situado no éxon
1 da regido codificante do gene do receptor 5-HT,A foi descrito (WARREN et a/., 1993) e

parece afetar a funcao receptora.

Anormalidades no sistema serotoninérgico tém sido associadas a diversas doencas,
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tais como depressdo, epilepsia, transtorno obsessivo-compulsivo e transtornos afetivos.
INIAYAMA et al. (1996) e WILLIAMS et a/. (1996; 1997) encontraram associacao significativa
entre o polimorfismo T102C e esquizofrenia. Uma meta-analise da associa¢cdo da serotonina

em doencgas comuns pode ser encontrada em LOHMUELLER et a/. (2003).

YAMADA et al. (2000) verificaram que o polimorfismo T102C foi associado, de forma
independente, com a ocorréncia de IAM em homens, sendo sugerido como um novo

marcador de risco.

3. A Estromelisina-1

As metaloproteinases de matriz (MMPs) sdo enzimas responsaveis pela manutencao
da integridade estrutural dos tecidos, remodelamento fisiologico e coordenacdo entre
sintese/degradacdo dos limites teciduais. Para tanto, as MMPs degradam as proteinas
estruturais e adesivas da matriz extracelular (SELLERS & MURPHY, 1981; VISSE & NAGASE,
2003). A matriz extracelular é composta por colageno, proteoglicanos e glicoproteinas, que
além de manter o suporte estrutural dos tecidos, também interagem com as células
circundantes. A matriz extracelular deve ser degradada fisiologicamente nos casos de
reabsorcdo, reparo celular, crescimento e em tecidos que mudam de forma ou funcéo
(McCAWLEY & MATRISLAN, 2000). As MMPs sdo expressas constitutivamente e em niveis
bastante reduzidos, porém sua secrecao € rapidamente induzida no caso de remodelamento
ativo, e inibidas por inibidores tissulares especificos (TIMPs). A atividade e expressao das
MMPs devem ser rigorosamente controladas, a fim de evitar a destruicdo ou acimulo de
tecido conectivo (SHAH et al., 1995).

Deficiéncias na regulacdo da MMPs (ao nivel de transcri¢do, ativacdo dos zimogénios
ou inibicdo dos TIMPs) sédo associadas com diversas patologias proliferativas como artrite,
doenca arterial coronariana, Ulcera, enfisema e cancer (revisto em McCAWLEY &
MATRISLAN, 2000). Aparentemente as interacfes celulares que ocorrem em doencas
proliferativas sdo as mesmas do processo aterogénico, e a resposta parece ser dependente
do 6rgao atingido, ou seja, a aterosclerose ird se desenvolver em artérias e a artrite
reumatéide em articulacdes. As MMPs também sdo associadas a progressao ou metastase de
tumores invasivos (STERNLICHT et al/, 1999; McCAWLEY & MATRISLAN, 2000; HINODA et
al., 2002; KUYVENHOUVEN et a/., 2003). Como a ruptura de uma placa aterosclerética € um
fator critico na patogénese do IAM (FUSTER et a/, 1990; 1992), tem sido sugerido que as
MMPs participariam dos processos de enfraguecimento e posterior ruptura da placa de

ateroma. Macrofagos e linfocitos participam de processos inflamatérios e ateroscleréticos, e
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estes induzem a acdo das MMPs. SHAH et al. (1995) e MACH et al. (1997) demostraram que

a ativagao de fagocitos e macréfagos induzem a atividade das MMPs em placas de ateroma.

A estromelisina do tipo 1 € uma MMP do tipo 3 (MMP-3), é secretada pelas células
endoteliais e fagdcitos na forma de zimogénio e apresenta um peso molecular de 52 kDa. O
gene da estromelisina-1 esté localizado no cromossomo 11 e apresenta um tamanho de 135
kb (SPURR et al.,, 1988; FORMSTONE et a/., 1993). A estromelisina-1 apresenta um amplo
espectro de substratos sobre os quais pode atuar, podendo degradar proteoglicanos,
laminina, fibronectina, elastina, gelatina, caseina, colagenos dos tipos IlI, IV, IX e X, além de
ativar outras MMPs (LU ef al., 1999). A degradacdo desses componentes se faz necessaria
em processos (pato)fisiologicos, como a formacdo da neointima apds lesdo tecidual,

aterosclerose, doenca do enxerto, infeccdo ou inflamacéo.

A regulacdo da expressdo da estromelisina-1 ocorre principalmente ao nivel de
transcricdo, como confirmada por QUINONES et al/. (1989; 1994) e YE et al (1999).
HUMPHRIES et al (2002a; b) relatam que o remodelamento vascular é uma condicdo
essencial no desenvolvimento de alteracdes aterosclerdticas na parede vascular e que as
MMP provavelmente estariam envolvidas nesse processo. O gene da estromelisina-1 também
foi associado a regulacdo do desenvolvimento do tecido adiposo por MAQUOI et al. (2003).
Um polimorfismo de DNA localizado na regido promotora (-1171) do gene da estromelisina-
1, denominado 5A/6A, foi descrito por YE et al. (1995) e parece estar relacionado aos niveis
circulantes e a atividade da estromelisina-1. Estudos /n vitro tém demonstrado que o alelo
composto por 5 adeninas (5A) apresenta uma atividade promotora mais eficiente do que o
alelo com 6 adeninas (6A) (YE et al. 1996). Aparentemente, portadores do alelo 6A
apresentariam niveis reduzidos de estromelisina-1 na parede arterial, o que poderia
favorecer a deposicdo de matriz extracelular em lesdes ateroscleroticas, resultando em uma
progressdo mais rapida da doenca, como confirmado por YE et a/. (1995), HUMPHRIES et al.
(1998) e de MAAT et al. (1999).

O polimorfismo 5A/6A da estromelisina-1 foi associado a angina instavel por KIM et
al. (2002) e a ocorréncia de aneurisma coronariano por YOON et al. (1999) e LAMBLIM et al.
(2002). Esse polimorfismo também foi associado a uma resposta diferencial & administracéo
de estatinas (de MAAT et al., 1999). Assim, o polimorfismo 5A/6A seria um indicador, ndo
somente da progressdo da doenca coronariana, mas também do risco de reestenose e
resposta a medicacdo. Como a estromelisina-1 pode agir no enfraguecimento da placa
aterosclerética, favorecendo sua ruptura e posterior trombose, essa enzima também pode
ser associada ao risco de 1AM, como demonstrou TERASHIMA et a/. (1999), analisando

pacientes com histéria de infarto e YAMADA et al. (2002), em mulheres japonesas.
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Provavelmente, a homozigosidade para o alelo 5A estaria associada a niveis elevados de
estromelisina-1 na parede vascular, o que poderia predispor a instabilidade da placa

aterosclerética e assim associar-se ao infarto.

4. O Oxido Nitrico

O oOxido nitrico (ON) é gerado a partir da L-arginina pela enzima éxido nitrico
sintetase (NOS), seus efeitos resultam de reac8es de nitrosilacdo ou de espécies reativas de
oxigénio, por oxidacdo (MacALLISTER, 1998). Até o momento foram descritas trés isoformas
de NOS: NOS induzivel (relacionada a processos inflamatérios), NOS neuronal constitutiva e
NOS endotelial (eNOS). A expressdo das NOS e seus cofatores deve ser apropriadamente
regulada a fim de garantir uma producéo eficiente de ON. A eNOS é encontrada no endotélio
e plaquetas, o gene localiza-se no cromossomo 7, apresenta 21 kb e 26 éxons (MARSDEN et
al., 1993).

O ON aumenta a permeabilidade do endotélio a lipoproteinas e outros constituintes
do plasma, atua no controle do tbnus vascular, inibe a adesdo e agregacéo plaquetarias, a
adesdo de leucécitos ao endotélio e a proliferacdo de células musculares lisas, sendo por
isso, relacionado ao processo aterosclerdtico e trombotico (ROSS, 1999; CHIANG et al.,
2000; 2001).

Desde que foi sugerido como um mediador enddgeno de diversas respostas celulares,
0 ON tem sido associado aos processos patogénicos envolvidos em doencas do sistema

cardiovascular, sendo um candidato a fator de risco coronariano.

A atividade do ON pode ser afetada por alguns fatores exdégenos como
lipopolissacarideos de membrana, fosfolipideos e compostos derivados do cigarro. Reducdes
na liberacdo de ON podem predispor a hipertensado, trombose, vasoespasmo e aterosclerose,
e a restauracao da atividade do ON parece contribuir para o processo de regressao de lesées

ateroscleréticas preexistentes (WANG & WANG, 2000).

Devido a seu efeito sobre o endotélio, diversos estudos tém avaliado o papel de
variantes genéticas que poderiam causar deficiéncia na funcdo da eNOS. Alteracdes na
producdo de ON poderiam contribuir para a patogénese dos processos ateroscleroticos e

tromboticos.

Uma variante genética localizada na regido promotora do gene da eNOS, denominada
T-786C, parece afetar a atividade promotora do gene. NAKAIAMA et al. (1999) e

YOSHIMURA et al. (2000) observaram que essa mutacao foi um fator de risco para espasmo
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coronariano. NAKAYAMA et al. (2000) verificaram que a variante T-786C foi associada a
incidéncia de infarto em japoneses, especialmente em pacientes sem estenose arterial.
Entretanto, quando investigada em relacdo ao risco de trombose venosa, a variante T-786C
n&o foi preditiva (GONZALEZ-ORDONES et a/., 2000).

Uma outra mutacéo, denominada Glu298Asp localizada no éxon 7 do gene da eNOS,
foi descrita recentemente (YOSHIMURA et al., 1998) e associada independentemente a
ocorréncia de 1AM por SHIMASAKI et al. (1998). Aparentemente, esse polimorfismo resulta
em alteracBes na producdo de ON. O polimorfismo Glu298Asp também foi considerado como
um fator de risco independente para doencga coronariana e IAM por HINGORANI et al.
(1999). MIYAMAMOTO et al. (1998) e SHOJI et al. (2000) observaram associacdo entre a
variante Glu298Asp e hipertensdo em japoneses. Esse polimorfismo também foi associado a

incidéncia de reestenose intra-stent por SUZUKI et al. (2002).

5. O Sistema de Coagulacéo

O processo de coagulacdo sanglinea é essencial para evitar a perda excessiva de
sangue e manter o fluxo sangliineo nos vasos. Uma sequéncia de reacbes enzimaticas,
aceleradas por cofatores, ativam zimogénios ou precursores inativos e culminam na
formacdo do coagulo de fibrina. A cascata de coagulacdo pode seguir duas rotas: a
Intrinseca ou de contato, que inicia com a ativacdo do fator Xll, e a extrinseca, dependente
de fator tissular, liberado em casos de inflamacao ou lesdo endotelial (FIGURA 2). Além do
envolvimento na formacdo do trombo, os fatores de coagulacdo também participam do
processo aterosclerético, pois residuos de fibrina sdo encontrados no interior de lesfes

ateroscleroticas.

O aumento nos niveis circulantes de determinados fatores da coagulacdo tem sido

associado a um estado hipercoagulavel e portanto relacionado ao risco cardiovascular.

5.1 O Fator VII

O fator VII (fVIl) é uma glicoproteina de cadeia simples com um peso molecular de
45 kDa. O gene que codifica o fVII tem cerca de 13 kb, apresenta 9 éxons e esta localizado
no cromossomo 13. O fVII é sintetizado principalmente no figado, e sua concentracdo

plasméatica é de aproximadamente 0,5 mg/ml.

O fVII é o primeiro fator plasmatico da via extrinseca da coagula¢do, sendo ativado
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na presenca do fator tissular, o qual é liberado no caso de leséo endotelial (TUDDENHAM &
COOPER, 1994). Niveis elevados de fVII foram considerados como um fator de risco
cardiovascular, pela primeira vez, no Nortwick Park Heart Study (MEADE et al., 1986). Desde
entdo, diversos estudos investigam a possivel associacdo entre niveis elevados de fVIlI e o
consequente risco cardiovascular (MEADE et al., 1993; JUNKER et a/., 1997).

Um polimorfismo de DNA denominado R353Q, localizado no éxon 8 do gene do fVII
resulta de uma troca de base (G/A) no cédon 353, substituindo uma arginina (R) por uma
glutamina (Q) na proteina. Diversos estudos tém associado o polimorfismo R353Q com os
niveis de fVII, e o mecanismo sugerido é que a substituicdo do aminoacido resultaria em
uma alteracdo conformacional na proteina, o que causaria uma reducdo na concentracdo da
proteina ativa (ARBINI & BAUER, 1994). De acordo com HEYWOOD et a/. (1996a; b) e
HUNAULT et al. (1997), os niveis de fVIl parecem ser aproximadamente 25% menores nos
portadores do alelo 353Q. HEYWOOD et al. (1996b) e WANG et al. (1997) estudaram o
polimorfismo R353Q em pacientes com isquemia coronariana, e verificaram uma
associacdo significativa com os niveis de fVII, porém sem associacdo com a severidade da
doenca. Uma associacdo positiva com os niveis de fVII também foi detectada por LANE et al.
(1996), entretanto sem relacdo com a histdria de infarto. BERNARDI et a/. (1997) estudaram
o efeito do polimorfismo R353Q e sua influéncia nos niveis do fVII em europeus. Os autores
observaram que os gendtipos associados a niveis mais reduzidos foram mais raros no norte
da Europa, onde o risco cardiovascular € maior. Um polimorfismo do tipo insercdo/delecédo
(1/D), causado pela insercdo de um decanucleotideo na posi¢cdo 323 da regido promotora do
gene do fVII (na seqliéncia CCTATATCCT) parece estar em desequilibrio de ligacdo com o
polimorfismo R353Q. Aparentemente o polimorfismo 1/D altera a taxa de transcricdo do gene
e assim regularia os niveis plasméticos de fVII (HUMPHRIES et a/., 1996, POLLACK et al.,
1996).

Diversos trabalhos tém relacionado o gendétipo do polimorfismo I/D aos niveis
plasmaticos de fVII, nos quais individuos portadores do alelo de insercdo apresentariam
niveis de fVII reduzidos (HEYWOOD et a/., 1996a; b; HUMPHRIES et a/., 1996; HEYWOOD et
al., 1997; di CASTELNUOVO et al., 1998). Apesar da associacdo com os niveis de fVII, a
relacdo da variante I/D com a doenca cardiovascular ainda ndo foi estabelecida. HEYWOOD
et al. (1996b; 1997) ndo observaram associacdo entre o polimorfismos I/D e a doenca
isquémica coronariana, assim como LIEVERS et al (2000) em relacdo a progressdao da
doenca aterosclerética coronariana. Di CASTELNUOVO et al (2000) sugeriram que o
polimorfismo 1I/D poderia influenciar o risco de IAM. Esse polimorfismo também ndo foi

associado a doenca coronariana em pacientes submetidos a angiografia em um estudo
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realizado no Rio Grande do Sul, embora ndo tenham sido analisados os niveis de fVII
(PALUDO, 1999).

5.2 O Fibrinogénio

O fibrinogénio é a proteina que se apresenta mais concentrada no plasma sanguineo,
sendo sintetizada pelas células parenquimais do figado. Aproximadamente 80% do
fibrinogénio circulante esta contido no plasma, o restante pode ser encontrado nas
plaquetas, liquido intersticial e linfa. A concentracdo de fibrinogénio em condi¢Bes normais
varia de 200 a 400 mg/dl (MARDER et a/., 1982; ERNST, 1993; ERNST & RESCH, 1993).

A molécula do fibrinogénio é constituida por trés pares de cadeias polipeptidicas,
denominadas Aa, BB e vy, e 0 heterohexdmero formado apresenta um peso molecular de 340
kDa. As cadeias polipeptidicas que compdem a molécula do fibrinogénio sdo codificadas por
genes diferentes, situados num “cluster” de aproximadamente 50 kb localizado no
cromossomo 4 (FIGURA 3) (MARDER et a/., 1982; TUDDENHAM & COOPER, 1994).

A conversdo do fibrinogénio em fibrina é a Ultima etapa da cascata de coagulagao
sangliinea e compreende trés processos: a liberacdo dos fibrinopeptideos A e B das cadeias
Ao e Bp respectivamente, a unido nao-covalente de mondmeros de fibrina formando
protofibrilas; e, por fim, a estabilizacdo do coagulo pelo fator XIl1l (MARDER et al., 1982;
TUDDENHAM & COOPER, 1994).

Além de ser um fator de coagulacgdo, o fibrinogénio € uma proteina de fase-aguda, e
sua concentracdo pode aumentar em resposta a infec¢des, neoplasias, hormdnios e acdo da
trombina (MARDER et a/., 1982; GREEN & HUMPHRIES, 1989). A literatura tem referido uma
série de fatores que afetariam os niveis de fibrinogénio, entre os quais: raca, sexo, idade,
obesidade, dislipidemia, hipertensdo, diabetes, tabagismo e estresse (MEADE et a/, 1986;
FOLSOM et al, 1991; YARNELL et al, 1991; ERNST, 1993; ERNST & RESCH, 1993;
HEINRICH et a/, 1995; MANNUCCI, 1995; JUHAN-VAGUE, 1996; de MAAT et al., 1996b;
POTRON et a/., 1996; ROSENGREN & WILHELMSEN, 1996; THOMAS ef a/.,, 1996). MEADE et
al. (1986), HUMPHRIES er al (1987) e HUMPHRIES (1995) consideram que 0 risco
coronariano atribuido ao héabito tabagista seria decorrente de seu efeito nos niveis de
fibrinogénio. Desde 1980, diversos estudos epidemiolégicos tém demonstrado que niveis
elevados de fibrinogénio estdo associados ao risco de doenca coronariana (MEADE et al.,
1980; 1986; KANNEL et a/., 1987; YARNELL ef al., 1991; EICHNER et a/., 1996; ROSENGREN
& WHILHELMSEN, 1996; FOLSOM et al, 1997; WOODWARD et al, 1998), doenca
cerebrovascular (WHILHELMSEN et al, 1984; CARTER et a/, 1997), infarto agudo do
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miocardio (WHILHELMSEN et a/., 1984; CORTELLARO et al., 1992; SCARABIN et al., 1993;
THOMPSON et al, 1995; ZITO et al, 1997) e mortalidade de causa cardiovascular
(THOMPSON et al., 1995; BENDERLY ef al. al., 1996; ROSENGREN & WILHELMSEN, 1996;
WOODWARD et al., 1998).

Altas concentracdes plasmaticas de fibrinogénio ocasionam mudancas reoldgicas no
sangue, aumento da viscosidade e inducdo da agregacao plaquetéria, além da formacdo da
rede de fibrina (MANNUCCI, 1995; BEHAGUE et a/., 1996; JUHAN-VAGUE, 1996). Apesar das
associacbes observadas, o papel do fibrinogénio ainda néo foi totalmente estabelecido em
relacdo a patogénese das doencas cardiovasculares. Niveis elevados de fibrinogénio
poderiam ser decorrentes da doenga aterosclerética preexistente (VASSE et al.,, 1996; de
MAAT et al., 1996) ou ser diretamente responsaveis pelo risco de eventos cardiovasculares
(MEADE et al., 1986; HUMPHRIES et al., 1987).

Existem diversos polimorfismos de DNA localizados no cluster dos genes do
fibrinogénio, tanto na regido codificadora dos genes a e 3 como nas regides flanqueadoras e
intrénicas dos genes. Somente um estudo investigou o efeito do polimorfismo AKpn/Sacl
presente no gene y (CONNOR et al., 1992). Os polimorfismos mais investigados séo os do
gene B, pois a sintese da cadeia B parece ser limitante para a formacédo da proteina. O
controle da expressédo do gene P conta com a agdo de diversos fatores de transcricdo, e as

sequéncias as quais se ligam ficam préximas da regido promotora (HUMPHRIES, 1995). De
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acordo com HEINRICH ef a/. (1995), os alelos menos frequientes dos polimorfismos estariam

relacionados a niveis mais elevados de fibrinogénio plasmético.

O polimorfismo G-455A esta localizado na regido promotora do gene B-fibrinogénio,
sendo o polimorfismo mais estudado em relagdo aos niveis plasmaticos de fibrinogénio. O
alelo -455A foi associado a niveis mais elevados de fibrinogénio por THOMAS et al. (1991),
SCARABIN et al. (1993), HEINRICH et a/. (1995), HUMPHRIES et a/. (1995), BEHAGUE et al.
(1996), GARDEMANN et a/. (1997), TYBJAERG-HANSEN et al. (1997), de MAAT et al. (1998),
MARGAGLIONE et a/. (1998b) e BRULL et al. (2002). Entretanto, CONNOR et a/. (1992),
SOSEF et al. (1994) e CARTER et a/l. (1996) ndo detectaram associacOes significativas entre
0s genotipos do polimorfismo G-455A e os niveis plasmaticos de fibrinogénio. Apesar da
aparente influéncia nos niveis de fibrinogénio, quando o polimorfismo G-455A foi investigado
guanto a sua possivel associacdo com a doenca cardiovascular, diversos autores nao
verificaram efeito dessa variante no risco de infarto ou isquemia coronariana (SCARABIN et
al, 1993; HUMPHRIES et al, 1995; BEHAGUE er al, 1996; GARDEMANN et al., 1997,
TYBJARG-HANSEN et al., 1997; LEANDER et al/., 2000).

O polimorfismo 7agl esta localizado na regido 3' do gene a-fibrinogénio, e também
parece estar associado aos niveis de fibrinogénio (HEINRICH et a/., 1995). Contrariamente,
os trabalhos de HUMPHRIES et al. (1987), THOMAS et al. (1995), VAISANEN et al. (1997) e
de MAAT et al. (1998) ndo demonstraram associacdo entre esse polimorfismo e os niveis de
fibrinogénio. Os polimorfismos G—455A e Tagl ndo foram associados aos niveis plasmaticos

de fibrinogénio, nem a obstrugdo coronariana no Rio Grande do Sul (PALUDO, 1999).

5.3 O Fator V

O fator V (fV) é uma glicoproteina de 330 kDa, sintetizada nos hepatdcitos e
megacariocitos, podendo ser encontrado no plasma e granulos plaquetarios. O gene do fV
localiza-se no cromossomo 1, apresenta 80 kb de comprimento e est4 organizado em 25
éxons. O fV é ativado pela trombina, e atua como cofator na ativagdo da protrombina pelo
fator X (TUDDENHAM & COOPER, 1994).

A proteina C ativada (APC) é uma glicoproteina que inibe fisiologicamente o fV
através da clivagem especifica dos residuos Arg 306, Arg 506 e Arg 679, além disso, a APC
age sobre o sistema fibrinolitico, inativando os inibidores desse sistema. Uma mutag¢do no
gene do fV (conhecida como fator V Leiden), uma troca de base G/A no nucleotideo 1691
(G1691A), causa a substituicdo de uma arginina por uma glutamina na posicdo 506 da

proteina. Essa mutagdo faz com que o fV seja resistente a acdo da proteina C ativada, nédo
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sendo apropriadamente inativado (BERTINA et al., 1994). Até 1993, somente 5 a 20% dos
pacientes com trombose idiopatica apresentavam trombofilias hereditarias. A partir dessa
data, com a descoberta do controle genético da resisténcia do fator V a APC, essa situagao

mudou consideravelmente.

O fator V Leiden é a causa genética mais comum para trombose venosa entre
caucasOides (BURICK et al, 1997). A prevaléncia da mutacdo varia de 2 a 15% na
populacdo em geral, diferindo de acordo com o componente étnico da populacdo (JEFFERY
et al., 1996; LEE et al, 1996; GREGG et al, 1997; TAMIM et al, 2002). ARRUDA et al.
(1995) verificaram que a mutacdo fV Leiden em brasileiros caucaséides apresentou uma
distribuicdo similar a de outros trabalhos, verificada em cerca de 20% de pacientes com

trombose e em cerca de 3-5% de individuos da populacédo em geral.

Diversos trabalhos demonstraram uma associacdo significativa entre a mutacéo fV
Leiden e a incidéncia de trombose venosa e tromboembolismo (BEAUCHAMP et al., 1994;
SVENSSON et al., 1997; SIMIONI et al., 1997; BONDUEL et a/., 2002), inclusive durante a
gestacdo (HELLGREN er al, 1995; HALLAK et al, 1997; MURPHY et a/., 2000). MANDEL et
al. (1996) observaram que pacientes com homocistindria (freqientemente associada a
trombose em idade precoce) e portadores da mutacdo fV Leiden apresentavam um risco
elevado de trombose, e ALHENC-GELAS et a/. (1999) associaram a mutacédo fV Leiden com
eventos trombéticos recurrentes. WAHLANDER et a/. (2002) ndo observaram uma associacao
significativa entre a incidéncia de tromboembolismo venoso no periodo pés-operatorio em
relacdo a mutacdo fV Leiden. OGER et al. (2002) relataram que a resisténcia a proteina C
ativada, relacionada ao fV Leiden, ndo foi um fator de risco importante para
tromboembolismo em pacientes com mais de 70 anos. YANQING et a/. (2003) também néo
encontraram associacdo de polimorfismos genéticos no fator V (incluindo o fV Leiden),
associados a resisténcia a proteina C ativada, com trombose em chineses. Enquanto INIESTA
et al. (1997) ndo observaram diferengas quanto a prevaléncia do fV Leiden em pacientes
com doenca cerebrovascular em comparacdo a individuos controle, DESCHIENS et al.
(1996), MARTINELLI et al. (1996) e MARGAGLIONE et a/. (1999) verificaram uma associacao
positiva entre o fV Leiden e acidente vascular cerebral em idade precoce e AKAR et al.

(1999b) associaram o fV Leiden com infarto cerebral em criancas na Turquia.

A associagdo entre o fV Leiden e trombose venosa € clara, entretanto o papel dessa
mutacdo na trombose arterial permanece controverso. RIDKER et a/. (1995) e JUNKER et al.
(1998) nado observaram associacdo entre o fV Leiden e a incidéncia de IAM precoce em
homens. REDONDO et al. (1999) ndo observaram efeito no risco de IAM associado a

mutacdo, entretanto os niveis de fV foram um fator de risco independente para infarto
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nesses pacientes. Uma alta prevaléncia do fV Leiden em homens com IAM precoce foi
observada por HOLM et al. (1996). ROSENDAAL et al. (1997a) demonstraram que essa
mutacdo aumentou em cerca de trés vezes o risco de IAM em mulheres jovens,

principalmente quando outros fatores metabdlicos de risco também estavam presentes.

WANG et al. (1997) ndo observaram associacdo significativa entre o fV Leiden e a
severidade da doenca coronariana em australianos. HOLM et a/. (1999) avaliaram o efeito do
fV Leiden no prognéstico de pacientes admitidos em hospitais por infarto ou episodio de
angina instavel. Os autores observaram que pacientes tabagistas portadores da mutacéo
apresentaram uma maior incidéncia de re-lIAM ou morte pés-IAM em 30 dias ou 2 anos ap0s

a entrada no estudo.

DUNN et al. (1998) ndo associaram o fV Leiden ao risco de doenca aterosclerética
coronariana (DAC) em pacientes submetidos a angiografia e PETROVICK et a/. (2001) ndo
observaram associacao significativa quanto ao risco de DAC antes dos 55 anos e a mutacao
fV Leiden, entretanto quando o fV Leiden foi analisado juntamente com o polimorfismo

R353Q do fator VII, o efeito foi significativo.

MANSOURATTI et al. (2000) avaliaram pacientes com infarto prematuro com e sem
evidéncia de doenca aterosclerética em comparagcdo a um grupo controle composto por
individuos saudaveis, e observaram que o fV Leiden foi mais prevalente nos individuos
infartados e sem doenca aterosclerdtica. JUUL et al. (2002) avaliaram a associacdo entre o
fV Leiden e o risco de IAM, doenca isquémica e acidente vascular cerebral em
dinamarqueses participantes de estudos prospectivos, perfazendo um total de 10.000
individuos. Os autores ndo observaram associacdo significativa, portanto a mutacdo ndo

poderia ser considerada um fator de risco nessa populagéao.

5.4 A Protrombina

A protrombina (fator Il) é uma glicoproteina de 72 kDa sintetizada pelos hepatécitos,
que circula no sangue em sua forma inativa. O gene da protrombina localiza-se no
cromossomo 11, apresenta 21 kb e estd organizado em 14 éxons. A protrombina é o
precursor da trombina, a enzima responsavel pela etapa final da cascata da coagulacdo. A
protrombina é ativada pelo fator X, na presenca do fator V. A ativacdo da protrombina se da
através da clivagem dos residuos Arg 271 e Arg 320 (TUDDENHAM & COOPER, 1994).

A trombina é uma enzima extremamente importante nos processos de hemostasia e

trombose, exibindo atividades procoagulantes, anticoagulantes e antifibrinoliticas. A trombina
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também ativa diversas respostas celulares, que sdo essenciais no processo atero-trombaotico
(MARAGANORE, 1993).

O polimorfismo G20210A localizado na regido 3' ndo-traduzida do gene da
protrombina, foi descrito e associado a trombose venosa (POORT et a/., 1996). Individuos
portadores do alelo 20210A apresentariam niveis de protrombina cerca de 20% mais
elevados. Diversos estudos tém confirmado a associacdo do alelo 20210A com trombose
venosa (ARRUDA et al., 1997; BROWN et al., 1997; CORRAL et a/., 1997; CUMMING et al.,
1997; FERRARESI et al, 1997; HILLARP et al., 1997; HOWARD et al., 1997; KAPUR et al/.,
1997; BLOEM et al., 1998; BUCCIARELLI et a/., 1998; SIMIONI et a/., 1998), entretanto em

relacdo a trombose arterial 0s resultados permanecem controversos.

ROSENDAAL et al. (1997b) e FRANCO et al. (1998) associaram o alelo 20210A a
ocorréncia de 1AM precoce, e de STEFANO et a/l. (1998) a incidéncia de AVC. De acordo com
0s autores essas associacfes estariam relacionadas ao efeito nos niveis circulantes de
protrombina. No Brasil, FRANCO et al (1999) estudando pacientes com doenca
aterosclerética precoce, também encontraram associacdo entre a variante G20210A e niveis

elevados de protrombina, assim como com a incidéncia de infarto.

RIDKER et al. (1999) ndo observaram associacdo entre o alelo 20210A em relacédo a
trombose arterial, infarto ou acidente vascular cerebral, entretanto observaram uma
associacdo positiva em relacdo aos casos de trombose venosa. CROFT et al/. (1999)
observaram que o polimorfismo G20210A ndo conferiu um risco aumentado de IM, em
pacientes com menos de 75 anos. A mutacdo G20210A também nao foi associada com a
ocorréncia de DAC em pacientes submetidos a angiografia (PROHASKA et al, 1999).
DURANTE-MANGONI et a/. (2002) também ndo observaram associacdo entre essa variante e

doenca isquémica (infarto ou angina).

No entanto, van der WATER et al/ (2000) observaram que a mutacdo da
protrombina, assim como o fV Leiden, foi associada ao risco de IAM em pacientes sem
estenoses significantes, ou seja, sem DAC. von AHSEN et al/. (2000) observaram que a
atividade da protrombina em individuos saudaveis com o alelo 20210A foi significativamente
maior quando comparados aos ndo-portadores. Entretanto, SMILES et a/ (2002) em um
estudo caso-controle em pacientes com sindromes isquémicas agudas nado observaram
relacdo entre o genétipo do polimorfismo G20210A e os niveis de protrombina e AKHAVAN et
al. (2002) ndo observaram associacdo entre mutacdes na regido promotora do gene da
protrombina e os respectivos niveis plasmaticos da proteina. MIKKELSSON & KARHUNEN

(2002) avaliaram as mutacdes da protrombina, fV Leiden e R353Q do fator VII em individuos
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cuja causa do 6bito foi IAM, e ndo observaram associacdo com nenhuma dessas variantes.

A frequéncia da mutagdo da protrombina em caucasoOides € de aproximadamente
2%, elevacdes na prevaléncia dessa variante séo relatadas no sul da Europa em comparacéo
ao norte europeu (ROSENDAAL et al., 1998). Aparentemente, a variante G20210A é muito
rara em populacdes nado-caucasoides (DILLEY et al, 1998; ROSENDAAL et al, 1998;
MATHONNET et al., 2002), ndo podendo portanto ser considerada com um fator de risco
cardiovascular preditivo nessas populacbes. FRANCO et al, (1998) verificaram que a
freqiéncia do alelo 20210A é extremamente baixa em populacdes brasileiras nao-

caucasoides.

6. O Sistema Fibrinolitico

Enquanto o sistema de coagulacdo é responsavel pela formacdo da rede de fibrina, o
sistema fibrinolitico restaura o fluxo sanglineo através da degradacéo proteolitica da matriz
de fibrina (FIGURA 2). A ativacdo restrita ao local do trombo e a participacdo de inibidores

especificos limitam a fibrindlise e impedem a protedlise das proteinas circulantes.

A formacdo do coagulo de fibrina desencadeia a ativacdo do sistema fibrinolitico e a
geracdo da plasmina ativa, que ira degradar a fibrina em fragmentos sollveis, desintegrando
assim o coagulo sanglineo. O sistema fibrinolitico é composto pela proenzima
plasminogénio, seus ativadores e inibidores, cujas interacdes especificas determinardo a taxa
de dissolucdo do coagulo de fibrina. A fibrina ndo deve ser considerada simplesmente como
um substrato a acdo da plasmina, pois participa dos processos de ativacdo e inibicdo do
sistema fibrinolitico através de dominios especificos na molécula, impedindo a degradacao do
fibrinogénio e outras proteinas da coagulacdo na circulacdo sangiiinea (revisto em MEDVED
& NIEVWENHUIZEN, 2003).

Disturbios na atividade fibrinolitica poderiam aumentar o risco de trombose vascular,
uma vez que uma atividade reduzida poderia resultar na manutencdo da rede de fibrina. Um
estado hipofibrinolitico poderia ser decorrente de uma sintese e/ou liberacédo deficiente de
ativadores, de uma deficiéncia na molécula do plasminogénio ou de niveis elevados de
inibidores (THOMAS & ROBERTS, 1997).

Como na trombose, o0 evento critico € 0 bloqueio do fluxo sanglineo pelo coagulo de
fibrina, alteracBes na atividade fibrinolitica poderiam afetar a taxa de dissolu¢cdo do coagulo

formado.
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6.1 O Ativador Tipo Tissular do Plasminogénio

O ativador tipo tissular do plasminogénio (t-PA) é uma serino-protease com 68 kDa,
secretada por células endoteliais. A concentracdo plasmatica de t-PA é de aproximadamente
0,005 mg/l. O gene do t-PA esta localizado no cromossomo 8, apresenta 33 kb e esta
organizado em 14 éxons (TUDDENHAM & COOPER, 1994; COLLEN, 1999).

O t-PA é a principal enzima fibrinolitica, sua funcdo é transformar o plasminogénio em
plasmina, que degradar4d o coagulo de fibrina. Como o t-PA é sintetizado por células
endoteliais, sua concentracdo aumenta na presenca de lesbes e a expressdo desse fator
parece ser regulada pela acdo de interleucinas (JENKIS ef a/., 1997). Niveis elevados de t-PA
foram associados ao risco de 1AM nos trabalhos de RIDKER ef a/. (1993) e THOMPSON et al.
(1995), e ao risco de acidente vascular cerebral por LINDGREN et a/. (1996). Niveis elevados
de t-PA poderiam ser indicativos de uma capacidade fibrinolitica aumentada, entretanto, no
plasma, a concentracdo de t-PA é menor do que a de seu principal inibidor (inibidor tipo 1 do
ativador do plasminogénio, PAI-1), portanto niveis elevados de t-PA estariam complexados
ao PAI-1, reduzindo a atividade fibrinolitica. GRAM et al. (1995) estudaram pacientes com
histéria prévia de trombose venosa profunda e verificaram que os niveis de t-PA foram mais

elevados e que a atividade fibrinolitica global foi significativamente menor nestes pacientes.

Um polimorfismo de DNA do tipo insercdo/delecdo (I1/D) de uma sequéncia Alu,
localizado no intron h do gene do t-PA, tem sido associado ao risco de IAM. van der BOM et
al. (1997) estudando pacientes infartados, observaram uma associacéo significativa entre o
alelo de insercdo e a ocorréncia de IAM, entretanto essa associacdo ndo pareceu ser

dependente das concentragfes plasmaticas de t-PA.

RIDKER et al. (1997) em um estudo prospectivo, ndo observaram associacdo entre o
gendtipo do polimorfismo A/t 1/D e o risco de 1AM subseqiiente. Também STEEDS et al.
(1998) nao encontraram associacdo significativa entre esse polimorfismo e infarto, em um

estudo tipo caso-controle.

6.2 O Inibidor Tipo 1 do Ativador do Plasminogénio

O inibidor tipo 1 do ativador do plasminogénio (PAI-1) é uma glicoproteina de 50
kDa, sintetizada no figado e células endoteliais, que circula no sangue na sua forma inativa.
O gene que codifica o PAI-1 localiza-se no cromossomo 7 e apresenta 9 éxons. O PAI-1 é
uma proteina de fase aguda e o principal inibidor do t-PA e u-PA (ativador do plasminogénio

tipo uroquinase) do sistema fibrinolitico. Os niveis plasméaticos de PAI-1 sdo de
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aproximadamente 0,05 mg/I (TUDDENHAM & COOPER, 1994; COLLEN, 1999).

Os niveis de PAI-1 sdo regulados por citocinas, lipopolissacarideos, horménios, VLDL-
colesterol e insulina (GREEN & HUMPHRIES, 1994). Idade, tabagismo, ingestdo de &lcool e
dieta também podem aumentar os nives de PAI-1 (de MAAT et al., 1996a). Como o PAI-1 é
o principal inibidor do sistema fibrinolitico, altos niveis plasmaticos poderiam ter um efeito
protromboético. HAMSTEN ef a/. (1985; 1987) observaram uma associacdo positiva entre
altos niveis de PAI-1 e o risco de infarto, inclusive recurrente. No entanto, FOLSOM et a/.
(1998) néo verificaram diferencas significativas nas concentracdes de PAI-1 em um estudo
de familias com alta incidéncia de doenca aterosclerética coronariana, quando comparadas a

familias em geral.

Ja foram descritos diversos polimorfismos de DNA no gene do PAI-1, que parecem
estar associados as concentracdes plasmaticas desse inibidor, o polimorfismo de
insercdo/delecdo (4G/5G) localizado na posicdo —675 da regido promotora do gene, é o mais
investigado. O alelo de delecdo (4G) estaria associado a niveis mais elevados de PAI-1
(MARGAGLIONE et al., 1997; 1998a).

MANSFIELD et a/. (1995) estudando individuos diabéticos observaram uma freqiiéncia
significativamente maior de homozigotos 4G/4G em pacientes que desenvolveram doenca
arterial coronariana. ERIKSSON et a/ (1995) demonstraram uma associacdo significativa
entre o alelo 4G do polimorfismo do PAI-1 e IAM em idade precoce. De acordo com 0s
autores, os alelos 4G e 5G ligam-se a ativadores de transcricdo, entretanto o alelo 5G
também pode ligar-se a uma proteina repressora. Assim, na auséncia do repressor, o nivel
de transcricdo é aumentado. No trabalho de OSSEI-GERNING et a/. (1997), o gendtipo do
polimorfismo 4G/5G foi considerado um fator de risco independente para infarto,
particularmente naqueles individuos com doenca aterosclerdtica preexistente. Individuos
homozigotos 4G/4G apresentaram os niveis mais elevados de PAI-1 e uma maior incidéncia
de infarto. IWAI et al. (1998) num estudo em japoneses, relataram uma associacdo positiva
entre o0 alelo 4G e os niveis de PAI-1, e também quanto ao tempo de progressdo de
sindromes coronarianas agudas. Contrariamente, RIDKER et a/. (1997) em um grande
estudo prospectivo, verificaram que o polimorfismo 4G/5G néo foi um fator de risco para
trombose venosa ou arterial. Da mesma forma, JUNKER et a/. (1998), DOGGEN et a/. (1999)
e GARDEMANN et al. (1999) ndo encontraram associacdo entre o polimorfismo 4G/5G e a
incidéncia de infarto. CATTO et al. (1997) também nao verificaram diferencas significativas
guanto ao gendtipo do polimorfismo 4G/5G e o risco de AVC, entretanto os niveis de PAI-1

foram associados a mortalidade decorrente de AVC.
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MANNUCCI et al. (1997), verificaram que italianos com mais de cem anos de idade (e
sem sintomas cardiovasculares) apresentaram uma frequéncia significativamente mais
elevada do alelo 4G, em comparacéo a um grupo controle mais jovem. Assim, um marcador

de fibrindlise reduzida parece ser compativel com a idade avancada.
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Justificativa e Objetivos

Devido as altas taxas de morbidade e mortalidade decorrentes do 1AM, as estratégias
de prevencdo priméaria e secundaria incluem o reconhecimento e controle dos fatores de
risco associados. Os fatores de risco tradicionais (como hipertensdo, tabagismo e
sedentarismo) justificam somente 30% da incidéncia dos IAMs (HELLER et al, 1984). A
histéria familiar é considerada um fator de risco independente, e a identificacdo do
componente genético associado ao risco de IAM tem sido cada vez mais investigada. A
andlise de caracteristicas genéticas e sua inter-relacdo com fatores ambientais pode
identificar precocemente individuos com alto risco de desenvolver um 1AM, principalmente

em idade precoce, além de poder determinar o grau de resposta a terapéutica proposta.

Algumas anormalidades pro-trombdéticas herdaveis como o fator V Leiden e a
mutacdo G20210A da protrombina j& estdo estabelecidas em rela¢do ao risco de trombose
venosa, porém seus efeitos na trombose arterial permanecem a espera de confirmagao.
Polimorfismos genéticos presentes nos genes de outros fatores de coagulacdo tém sido
constantemente investigados em relagcdo ao risco de IAM e a sua interagdo com os fatores

de risco metabdlicos, e os resultados tém sido controversos.

O endotélio, por estar localizado entre o sangue circulante e as células musculares
lisas, responde a sinais mecéanicos como mudancas no fluxo sangliineo e a acédo de diversas
substancias como neurotransmissores, hormonios, plaquetas e fatores de coagulacéo. Dessa
forma o endotélio regula a estrutura e a funcdo vascular. Distdrbios que caracterizem a

chamada disfun¢do endotelial sdo potencialmente aterogénicos e/ou trombogénicos.

A proposta do presente trabalho foi avaliar a associacdo entre diversos polimorfismos
genéticos em genes candidatos a conferir suscetibilidade aumentada ao IAM antes dos 60
anos de idade. A escolha das variantes foi baseada no significado biol6gico/fisiologico dos
produtos génicos e sua provavel influéncia nos processos patogénicos do IAM. Os objetivos

especificos desse trabalho foram:

1. Investigar a associagdo entre os polimorfismos genéticos T-786C e Glu298Asp da oOxido
nitrico sintetase, T102C do receptor da serotonina, 5A/6A da estromelisina e A-1185G do
fator von Willebrand, todos associados a disfuncdo endotelial, ao risco de infarto agudo do

miocardio.
2. Avaliar o efeito do polimorfismo A-1185G na regido promotora do gene do fator von
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Willebrand sobre os niveis plasméaticos desse fator.

3. Avaliar o efeito de polimorfismos genéticos presentes em fatores da coagulacdo: G-455A
no gene B-fibrinogénio e 7agl no gene a-fibrinogénio, R353Q e insercdo/delecdo no gene do
fator VII e as mutacdes fator V Leiden e G20210A da protrombina em relacdo ao risco de

infarto agudo do miocardio.

4. Avaliar o efeito dos polimorfismos G-455A no gene B-fibrinogénio e 7agl no gene a-

fibrinogénio sobre os niveis plasmaticos de fibrinogénio.

5. Investigar se os polimorfismos insercdo/delecdo no gene do ativador tipo tissular do
plasminogénio (t-PA) e 4G/5G no gene do inibidor tipo 1 do ativador do plasminogénio (PAI-
1), que séo fatores fibrinoliticos, estdo associados ao risco de desenvolver um infarto agudo

do miocardio.
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Abstract

Acute myocardial infarction (AMI) is caused by thrombus formation at site of
atheromatous plaque and the endothelial dysfunction may play a role in this process.
Endothelial-derived nitric oxide (NO) plays an important role in hemostasis. The T-786C and
Glu298Asp variants of endothelial nitric oxide synthase (eNOS) gene have been associated
with impaired NO production. Serotonin released from activated platelets induces platelet
aggregation through receptor activation at sites of coronary atherosclerosis. A variant T102C
in the 5-HT,A serotonin receptor might be important in the receptor function. Stromelysin-1
(a matrix metalloproteinase) can play a role in the rupture of atherosclerotic plaque, because
it can cleave extracellular matrix components. The variant 5A/6A might modulate the activity
of this enzyme. von Willebrand factor (VW) is related to platelet thrombus formation, and
levels of this factor have been suggested as a marker for AMI risk. The variant A-1185G has
been associated with the vWTf levels. We conducted a case-control study of 283 AMI cases
and 96 control subjects, all aged < 60 years, to associate the contribution of eNOS T-786C
and Glu298Asp, serotonin T102C, stromelysin-1 5A/6A and vWf A-1185G polymorphisms to
the risk of AMI. In the present study the distribution of eNOS T-786C, serotonin T102C and
fvWf A-1185G variants did not differ significantly between patients and control subjects. We
found that the GIlu298Asp variant of eNOS was associated to the AMI risk, but not
independently of other risk factors and the genotype of this variant contributes to AMI risk
only in patients with major coronary risk factors. In conclusion, the present study shows that
the 5A/6A variant of stromelysin-1 was an independent risk factor for AMI in Brazilian

Caucasians.
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Introduction

Acute myocardial infarction (AMI) is caused by thrombotic occlusion of an epicardial
coronary artery, and thrombus formation is initiated by platelet adhesion and aggregation at
sites of ruptured atheromatous plaque (1). The endothelial dysfunction is characterized by
an imbalance between contracting and relaxing substances, anticoagulants and
procoagulantes factors and anti-inflammatory and pro-inflammatory mediators, which may
play a significant role in the pathogenesis of atherosclerosis and consequently acute

myocardial infarction.

The nitric oxide (NO) is generated from the aminoacid L-arginine by nitric oxide
synthase enzyme (NOS). NO plays a key role in the regulation of vascular tone and vascular
hemostasis it has a vasoprotective effect by scavenging superoxide radicals, prevents
platelet adhesion and aggregation to the endothelium, leucocyte adhesion and smooth
muscle cells proliferation (2,3). Three isoforms of NO have been identified so far: inducible
NOS, constitutive neuronal NOS, and endothelial eNOS. Properly regulated expression of
NOS enzymes and cofactors are essential for appropriate biological NO production. If a
variant genetic causes deficient NOS, either on levels or in activity, it can lead to reduced or
excessive production of NO, which can contribute to atherosclerotic processes. The eNOS is
found in the endothelium and platelets. It has been implicated in the pathophysiology of
several diseases including hypercholesterolemia, hypertension, diabetes mellitus, renal
disease, stroke, atherosclerosis and coronary spasm as reviewed by Wang & Wang (4). A
polymorphism in promoter region of eNOS gene was described as T-786C (5). This variant
was associated with coronary vasospasm, which is also independently involved in
pathogenesis of AMI (6). This polymorphism was also associated with coronary artery
disease angiographically detected (7). In contrast, T-786C was not associated with venous
thromboembolism (8). Also in eNOS gene, the Glu298Asp polymorphism caused by a single
nucleotide substitution G894T (9) was associated with intrastent stenosis (10), therefore
reduced synthesis of NO may promote the proliferation of vascular smooth muscle cells and
induce the intrastent stenosis. As assessed by luciferase reporter gene assays, this mutation
resulted in a significant reduction in eNOS gene promoter activity (5). This same mutation
was strongly associated with AMI in the Japanese, especially those without coronary arterial

stenosis (11).

During platelet aggregation, several substances are released, triggering the
recruitment and activation of other surrounding platelets and formation of thrombus.

Activated platelets release serotonin (5-hydroxytryptamine, 5-HT), which acts as a dilator or
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constrictor of arteries. Golino et a/. (12) and McFadden et al. (13) have demonstrated that
intracoronary infusion of 5-HT causes an augmented constriction of coronary arteries in
patients with coronary atherosclerosis. Serotonin also acts as a growth factor stimulating
mitogenesis and migration of smooth muscle cells and promoting proliferation of vascular
endothelial cells (14). Serotonin has been implicated in several conditions associated with
abnormal vascular function such as diabetes (15), hypertension (16), and coronary
vasospasm (13). Serotonin levels were associated with coronary artery disease and
occurrence of ischaemic events, principally in younger patients (17). Serotonin may play an
important role in pathogenesis of AMI through 5-HT, receptor activation. Recently one
subtype of 5-HT,A receptor has been identified, whose gene is expressed in human platelet
(18), coronary artery (19), and the brain (20). A DNA polymorphism T102C has been
associated with the 5-HT,A receptor function (21) and with the risk of 1AM (22).

Members of matrix metalloproteinases (MMP) family have been implicated in
connective tissue remodelling during atherogenesis and weakening of the cap and
subsequent rupture of the atheromatous plaque (23,24). Stromelysin-1 (a MMP-3) can play a
role in rupture of atherosclerotic plaque, because it can cleave many of the extracellular
matrix components as well as enhance the activity of other MMP (25). The presence of
stromelysin-1 in coronary atherosclerotic plaque was originally demonstrated by in situ
MRNA hibridization (26). Recently, a common polymorphism in the promoter region, at —
1171 bp upstream of the start site of transcription of the human stromelysin-1 gene was
described (27) in which one allele sequence has 5 adenosines (5A) and the other allele has 6
(6A). In vitro assays revealed that the 5A allele had a two-fold higher promoter activity than
the 6A allele in both cultured fibroblasts and vascular smooth cells (28). Thus, the 5A allele
carriers may have increased the risk of plague rupture, leading to AMI. Ye et al. (27),
Humphries et al. (29) and de Maat et a/. (30) found an association between the angiographic
progression of the disease and this genetic variant. Terrashima et a/. (31) and Yamada et a/.

(32) supported that the 5A/5A genotype was associated with the AMI incidence.

von Willebrand factor (VWf) is a glycoprotein involved in platelet adhesion and
aggregation at the site of vascular injury, and serves as the carrier for factor VIII in
circulating blood. Plasma concentration of vWf are increased in disorders that affect the
vascular system such as diabetes, hypertension, deep venous thrombosis, cerebrovascular,
peripheral and pulmonary diseases as reviewed by Lip & Blann (33). Thus, increased
concentrations of vWf may be important in pathogenesis of AMI. Several genetic and
environmental factors, such ABO-blood group, age and inflammatory processes have

influence in the vWf levels (34). A high concentration of vVWf was an index of risk for
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reinfarction and mortality in survivors of myocardial infarction (35). Sakai et al/ (36)
suggested that the vWf concentration increases in AMI, possibly in association with the
hemodynamic deterioration that occurs in this condition. Keightley et a/. (37) described three
polymorphisms in the promoter region of vWf gene: C-1234T, A-1185G and G-1051A.
According to the authors these polymorphisms have been associated with the circulating vWf
levels. The polymorphism A-1185G in promoter region of the vWf gene have also been
associated with plasma vWf concentrations by Harvey et a/ (38). Di Bitondo et al (39)
investigated the combination of A-1185G and A-1021G for the risk of AMI but found no
significant associations. The A-1185G polymorphism have not been associated neither with

VWT levels nor with coronary artery disease in Brazilian Caucasians (40).

In the present study we examined the possible association between the T-786C and
Glu298Asp variants of eNOS gene, serotonin T102C, stromelysin-1 5A/6A and vWf A-1185G

polymorphisms and acute myocardial infarction in Brazilian Caucasian before the age of 60.

Methods

Two-hundred and eighty-three acute myocardial infarction Brazilian Caucasians
patients who had been admitted to Instituto de Cardiologia do Rio Grande do Sul (Rio
Grande do Sul, Brazil) were enrolled in this study. All patients aged < 60 years at onset of
myocardial infarction. Subjects who had had a myocardial infarction in the 90 days before
the investigation were excluded from this study. All the patients had been submitted to
previous angiography. The control subjects consisted of 96 men and women from the same
ethnic group of the case group. None of the control subjects had neither history nor clinical
evidence of angina or MI according to the Rose questionnaire (41). Patients and control
subjects were from independent families. Participating case patients and control subjects
were interviewed regarding cardiovascular risk factors. Patient's follow-up data and
additional information were obtained by reviewing medical records. The acute myocardial
infarction was defined if at least 2 of the following criteria were present: characteristic chest
pain, elevated cardiac enzymes and ECG changes indicative of MI. The case and control
groups did not differ significantly according to age (student t-test: p=0.98) or sex (chi-
square test: p=0.18). This study was approved by the local Ethics Committee and all the

subjects gave their written informed consent.

Smoking status was recorded as non-smoker or smoker (more than 10 cigarrette/day
in last five years), diabetes was defined as present if previously diagnosed or treated.

Hypertension was defined as documented increase of blood pressure (>140/90 mmHg)
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requiring therapy. Family history of premature coronary artery disease if found in at least
one consanguineous relative before the age of 60 years. Body mass index was measured
according to the equation weight/height®>. Hyperlipidemia was defined by levels of
triglycerides > 150 mg/dl, HDL-cholesterol < 40 mg/dl and LDL-cholesterol > 100 mg/dl or if
the individual was receiving lipid-lowering treatment at inclusion. Blood samples were

collected from the all patients after 12 hours-fasting state.

High molecular weight DNA was isolated from whole blood using a non-enzymatic
technique for DNA analysis (42). The genetic variants used in this study were identified by
using polymerase chain reaction (PCR) followed by restriction enzyme digestion and agarose
or polyacrilamide gel electrophoresis containing ethidium bromide, and visualised under
ultraviolet light. As were previously reported, the eNOS T-786C variant was identified by
restriction enzyme digestion of Mspl (8), the GIu298Asp polymorphism was identified
through digestion of Banll (6), the serotonin T102C polymorphism was identified through
digestion of Mspl (22), the stromelysin-1 5A/6A polymorphism was identified by digestion of
Xmnl (43) and the A-1185G polymorphism was identified by digestion of Accll (44).

Plasma vWf was measured by immunoelectrophoresis using a polyclonal rabbit anti-
human vWf antibody (45). The assays were performed using two differents plasma dilutions.
A pooled human plasma from normal individuals was considered to contain 100 U/dl of vWHT.
The vWf are reported as relative to this plasma reference. The skewness of the plasma vWf
distribution was normalized by logarithmic transformation. In the tables the values of vWf
are represented as median and interquartile range (25th and 75th). ANOVA was used to
compare VWTf levels between patients and controls and the Kruskall-Wallis test was used to

compare the vWf levels according to the three genotypes of A-1185G.

Allele frequencies were determined by direct count of the alleles. Departures of
Hardy-Weinberg equilibrium and differences between groups were evaluated by the chi-
square test. A P value < 0.05 was considered to indicate statistical significance. Prevalence of
alleles was compared in the case and control groups using the chi-square test. The Mann-
Whitney test was used for C-reactive protein comparisons. Except for analysis of genotype
distribution, heterozygous and homozygous were combined and compared with non-carriers
for the risk alleles. Categorical variables were compared by using Pearson chi-square test.
Student t-test compared means in 2 group comparisons. Baseline characteristics are
expressed as means + standard deviations or percentages. Statistical analysis was performed

with the SPSS program 11 for windows (SPSS Inc. lllinois).
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Results

The clinical characteristics of patients and control subjects are shown in Table 1.
There was no significance difference in age and sex between groups. As expected,
recognised risk factors for coronary artery disease (CAD) (hyperlipidemia, diabetes mellitus,
hypertension, and family history) were significantly more pronounced among AMI patients
than among the control subjects. The non-O blood group was significantly more frequent in

AMI cases than in control subjects (p=0.002).

The distribution of genotypes and the frequencies of alleles between case and control
subjects are summarised in Table 2. For the T-786C polymorphism of the eNOS gene, the C
allele frequencies were 0.36 in patients and 0.41 in controls (p=0.26). In the AMI group, the
frequencies of C/C, C/T and T/T genotypes were: 15%, 43% and 42%, respectively. In the
control group, the frequencies of C/C, C/T and T/T genotypes were: 19%, 44% and 37%,
respectively. No significant difference was detected in allele or genotype frequencies
between patients and controls. The genotype frequencies were in agreement with the
predicted from Hardy-Weinberg equilibrium in patient and control groups. The distribution of
C/C + C/T genotypes was 58% in case and 63% in control subjects (p=0.41). We did not
find differences in AMI risk between the homozygosity for the C allele and those homozygous
for the T allele (p=0.33).

In the analysis of Glu298Asp of the eNOS, the Asp allele frequency was 0.39 in
patients and 0.31 in controls (p=0.06). In the AMI group, the frequencies of Asp/Asp,
Asp/Glu and Glu/Glu genotypes were: 13%, 52% and 35%, respectively. In the control
group, the frequencies of Asp/Asp, Asp/Glu and Glu/Glu genotypes were: 11%, 41% and
48%, respectively. The genotype frequencies were in agreement with those predicted by
Hardy-Weinberg equilibrium for both groups. The prevalence of Asp/Asp + Asp/Glu was 65%
in case and 52% in controls (p=0.03). The association of this polymorphism with AMI was
not statistically significant when subjected to logistic regression analysis, controlling to other
coronary risk factors. The homozygosity for the Asp allele has not conferred an increased risk

of AMI when compared with those homozygous for the Glu allele (p=0.24).

For the T102C polymorphism of serotonin, the T allele frequency was 0.43 in patients
and 0.36 in controls (p=0.11). In the AMI group, the frequencies of T/T, T/C and C/C
genotypes were: 18%, 51% and 31%, respectively. In the control group, the frequencies of
T/T, T/C and C/C genotypes were: 10%, 52% and 38%, respectively. The genotype
frequencies were in agreement with the predicted from Hardy-Weinberg equilibrium in case

and control groups. The distribution of T/T + T/C genotypes was 69% in case and 62% in
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control subjects (p=0.30). Homozygosity for the T allele was not associated to AMI risk when

compared with those homozygous for the C allele (p=0.10).

In the analysis of 5A/6A variant of stromelysin-1, the 5A allele frequency was 0.46 in
patients and 0.39 in controls (p=0.08). In the AMI group, the frequencies of 5A/5A, 5A/6A
and 6A/6A genotypes were: 20%, 53% and 27%, respectively. In the control group, the
frequencies of 5A/5A, 5A/6A and 6A/6A genotypes were: 17%, 44% and 39%, respectively.
In each group, the genotype frequencies were in agreement with the predicted from Hardy-
Weinberg equilibrium. The prevalence of 5A/5A + 5A/6A genotypes was 73% in patients and
61% in control group (p=0.04). The odds ratio of 5A/5A+5A/6A versus 6A/6A between case
and control subjects was 2.17 (p=0.01; 95% CI 1.19 - 3.95). The association of this
polymorphism with AMI was statistically significant and independent of other coronary risk
factors such as diabetes, hypertension, family history and hyperlipidemia when subjected to
logistic regression analysis. However, when the homozygous for the 5A allele was compared

with those homozygous for the 6A allele, the difference was not significant (p=0.17).

In the analysis of A-1185G in the von Willebrand factor, the A allele frequency was
0.48 in patients and 0.46 in controls (p=0.56). In the AMI group, the frequencies of A/A, A/G
and G/G genotypes were: 23%, 51% and 26%, respectively. In the control group, the
frequencies of A/A, A/G and G/G genotypes were: 24%, 43% and 33%, respectively. No
significant differences were detected in allele or genotype frequencies between patients and
controls. The genotype frequencies for both groups were in agreement with the predicted
from Hardy-Weinberg equilibrium. The prevalence of A/A + A/G genotypes was 74% in case
and 67% in control subjects (p=0.25). The homozygosity for the A allele was not associated

with the risk of AMI when compared with those homozygous for the G allele (p=0.69).

No difference was found in vVWf levels between patients and control subjects (Table
3). Analysis of plasma vWf levels adjusted for ABO blood groups showed no significant
differences between patients and controls. In control subjects the vWf levels were higher in
non O-blood groups than in O-blood groups (173.0 vs 143.0 U/dl; p=0.06) and in patients,
this difference was also observed (180.5 vs 115.0 U/dl; p=0.00). In a univariate analysis, we
did not find interaction between ABO blood group and vWf levels (p=0.18). There was no
statistically significant association between the A-1185G genotypes and plasma vWf levels in

either patients (p=0.39) or controls (p=0.53) (Table 4).

In this population, 70% of the patients with AMI have > 2 cardiovascular risk factors
and 30% of these patients had < 2 risk factors (p=0.000). This fact indicates an increase in

AMI risk for subjects with > 2 risk factors. When we evaluated only subjects with > 2 risk

40



factors for the eNOS T-786C polymorphism, we did not find differences between case and
control groups. The eNOS Glu298Asp analysis showed difference to AMI risk, the Asp allele
was more prevalent in cases (67%) than in controls (39%) (p=0.001; OR=3.14, 95% IC
1.58 - 6.36). The serotonin T102C polymorphism was not associated with AMI when subjects
with > 2 risk factors were evaluated (68% vs 71%, p=0.77). In analysis of stromelysin-1
5A/6A polymorphism, carriers of 5A allele were more frequent in case (73%) than in control
group (57%) (p=0.04; OR=2.06; 95% IC 1.03 - 4.11). For the vWf A-1185G polymorphism,
the A allele was more prevalent in cases (73%) than in controls (57%) (p=0.06; OR=2.01;
95% IC 1.1 - 4.03).

We did not find differences between AMI cases when the subjects were compared in
relation to numbers of AMI suffered. When subjects who had had one AMI were compared
to subjects who had had more than one AMI, we did not find differences in frequencies of

polymorphisms analysed in this study.

We found no significant association between the T-786C or Glu298Asp, 5A/6A and A-
1185G variants and the number of diseased vessels in the AMI group. However, in analysis
of T102C variant of serotonin, among patients carriers of the T allele, 82% had > 3 affected

vessels and 63% had 1-2 diseased vessels (p=0.05).

Discussion

The most important mechanism of AMI is the thrombotic oclusion of coronary artery
at the site of a ruptured atherosclerotic plague, and the endothelium may play a crucial role

in this condition.

In the present study we found a significant difference in frequency of the missense
Glu298Asp variant of the eNOS gene between AMI patients and control subjects. The Asp
allele was present in 65% of patients and in 52% of control subjects (p=0.03). However, this
significance disappeared in regression model when the other cardiovascular risk factors were
included. Although Glu298Asp was not a risk factor for AMI, in subjects with > 2 risk factors
this variant increased signicantly the risk of AMI. We did not find differences in frequency of
the T-786C variant on the promoter region of the eNOS gene between AMI and control

groups.

It has been shown that endothelium-derived NO play a key role in the regulation of
vascular tone (46), supresses platelet aggregation, leucocyte adhesion and smooth muscle

cell proliferation (2,3). A reduced NO production by a mutant eNOS may promote
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thrombosis. The T-786C and Glu298Asp variants were described and associated with
differences in the promoter activity of the eNOS gene (5). Our results about the association
of Glu298Asp polymorphism and AMI are consistent with those previously reported by
Shimasaki et al. (6), although those authors found that the association of this variant with
AMI was independent of other risk factors. Hingorani et al. (7) found that this variant was
associated with the angiographic CAD and recent AMI in the United Kingdom. This variant
was also associated with the risk of CAD in the CHAOS Study, and the increased risk was
confined to individuals homozygous for the Asp allele. Recent reports also support a role of
this variant in intrastent stenosis (10). The frequency of the Asp allele observed in our
population was similar to that reported by Rossi et al. (47) about Caucasian subjects,

although this variant has not been associated with CAD in the GENICA Study.

Recent studies showed an association of the T-786C variant and coronary events. In
the Japanese population, Nakayama et a/. (5) associated independently the T-786C mutation
with coronary vasospasm, and these authors (11) also found an association between this
variant and AMI in patients without coronary stenosis at a young age. Recently, this variant
has been associated with multivessel CAD in Caucasians (47). We did not find differences in
frequencies of the C allele of the T-786C polymorphism in the promoter region of the eNOS
gene between AMI and control groups. In the present study we found a contrast trend
towards increased frequency of the C allele in the control than in AMI patients. These results
are consistent with those obtained by Gonzalés-Ordofnez et al. (8) in the Spanish population.
The C allele of T-786C variant seems to be much more frequent in Caucasian than in
Japanese populations, which may explain the absence of association with the AMI risk. In
the present study we observed that the frequency of C allele was 0.36 in AMI and 0.41 in
control subjects. This values are similar to those reported by Rossi et al (47) and by
Gonzalés-Ordonez et al. (8), and much more frequent than 0.03 in healthy Japanese and
0.15 in patients with coronary spasm (11). Conflicting results on association between the
eNOS polymorphisms and CAD or AMI might be explained on the basis of variable
distribution of the risk alleles in different populations, beyond that of the population risk

factor characteristics.

The platelet activation, vasoconstriction and subsequent thombus formation is the
key step for conversion of the chronic to acute coronary event, such as AMI. The serotonin
5-HT,A receptor is expressed in platelet surface and has been associated with the receptor
function and more specifically with the serotonin action. The serotonin induces
vasoconstriction and stimulates the mitogenesis and migration of smooth muscle cell (12-
14). The T102C variant was associated with the risk of AMI (22). The ECTIM Study (48) also
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has demonstrated the association of a variant of serotonin transporter (SLC6A4) with AMI.
We did not find differences in frequency of the C allele of T102C variant between AMI (0.43)
and control (0.36) groups, however we found a trend towards increased frequency of this
allele in AMI patients (p=0.11). Although this study has not been statistically significant, we
suggest that the T102C polymorphism is associated with AMI in Caucasian subjects. We also
found that patient carriers of the T allele of this variant have more affected vessels in
angiographic study. Thus, we suggested that the T102C variant may also be associated with

multivessel CAD in Caucasian subjects.

There was a statistically significant association between the 5A/6A polymorphism on
the stromelysin-1 and AMI. The multiple logistic regression analysis revealed that the 5A/6A
variant was one of the independent risk factors for AMI in the present study. The matrix
metalloproteinases (MMP) are the main degrading enzymes of extracellular matrix proteins,
and they play an important role in the tissue remodeling and repair in physiological and
pathological processes. The stromelysin-1 is a MMP type 3 and its can play a role in
aterothrombosis because it can cleave many matrix extracellular components and enhance
the activity of other MMP (25). A variant of the stromelysin—-1 gene called 5A/6A is
associated with a promoter activity of this gene. Carriers of the 5A allele may have an
increased risk of atheromatous plague rupture leading to AMI. The 5A/6A variant was
associated with the progression of angiographically determined CAD in the LOCAL
Gemfibrozil Study (29) and in the REGRESS Study (30). Terashima et a/. (31) and Yamada et
al. (32) also found that the 5A allele was significantly more frequent in AMI patients than in
control group, confirming the suggestion that patients carriers of 5A allele have lesions more
prone to rupture. In conclusion, we confirm that the 5A/6A polymorphism of the stromelysin-
1 was a genetic risk factor for AMI, probably through an increased susceptibillity to plaque

rupture.

In the present study, there was no significant association between the A-1185G
variant on the vWf gene and AMI. The vWf is involved in platelet adhesion and aggregation
at the site of vascular injury. The platelet aggregation is the key event for thrombus
formation in atherosclerotic sites leading to AMI. vWf concentrations have been associated
with several vascular disorders as reviewed by Lip & Blann (33), including the CAD. The A-
1185G located in the promoter region of the vWf gene was associated with the vWf levels
(37,38). However, di Bitondo et al. (39) did not find association between this variant and
AMI risk. In the present study, we did not find differences in vVWf levels between AMI and
control groups, the same was observed when the individual were evaluated separately to

ABO-blood groups. There was no association of the vVWf levels according to genotypes of the
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polymorphism A-1185G. Montalescot et al. (49) and Sakai et al. (36) observed increases in
vWI levels in AMI patients, and high vWf plasma levels were predictive of vascular events in
patients with atrial fibrillation (50). Recently, we demonstrated that vWf levels and A-1185G
variant were associated with neither vWf plasma levels nor with the angiographically CAD
(40). Thus, the vWTF levels despite acting as a marker of endothelial dysfunction were not
associated with the AMI in Brazilian Caucasians and the A-1185G does not affect the vWf
plasma levels. But, we found a trend towards association of this variant with the risk of AMI

in patients with > 2 risk factors.

In conclusion, the present study found that the eNOS Glu298Asp variant increased
the risk of AMI in subjects if further coronary risk factors were present. The stromelysin-1
5A/6A variant was an independent risk factor for AMI. However this variant was not
associated with the risk of re-IAM or with the number of diseased vessels in angiographic

study.
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Table 1. Clinical characteristics of AMI patients and control subjects.

Characteristic AMI Patients Control Subjects P-value
(n=283) (n=96)
Age 50.4+6.4 50.4+7.2 0.980
Male sex 82% 75% 0.180
Smoking status 18% 18% 1.000
Non-O blood group 61% 42% 0.002
Hyperlipidemia 62% 36% <0.001
Diabetes status 26% 10% 0.004
Family history 59% 39% 0.001
Hypertension 61% 34% <0.001
Fibrinogen (mg/dl) 299.8 + 55.7 281.8 +46.1 0.006
C-reactive protein (mg/dl) 0.26 (0.13 - 0.61) 0.18 (0.08 - 0.34) 0.006

Values are represented as mean = SD or number (%) of patients. Student-t test for continuous
variables and chi-square for discrete variables were used to compare the values. For the AMI patients
the value refers to the age at onset of myocardial infarction, not the current age. C-reactive protein
values are expressed as median, 25th and 75th percentiles.
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Table 2. Allele and genotype frequencies of eNOS T-786C and Glu298Asp, serotonin T102C,
stromelysin-1 5A/6A and vWf A-1185G polymorphisms in patients and control subjects.

Polymorphisms AMI Patients Control Subjects P-value
T-786C c/C C/T T/T Cc/C C/T T/T

N (%) 40 (15%) 118 (43%) 116 (42%) 17 (19%) 40 (44%) 33 (37%)

C allele 0.36 0.41 0.26
Glu298Asp Asp/Asp Asp/Glu Glu/Glu Asp/Asp Asp/Glu Glu/Glu

N (%) 37 (13%) 143 (52%) 97 (35%) 10 (11%) 38 (41%) 45 (48%)

Asp allele 0.39 0.31 0.06
T102C T/T T/C c/C T/T T/C c/C

N (%) 49 (18%) 141 (51%) 87 (31%) 10 (10%) 49 (52%) 36 (38%) 0.11
T allele 0.43 0.36

5A/6A 5A/5A 5A/6A 6A/6A 5A/5A 5A/6A 6A/6A

N (%) 55 (20%) 149 (53%) 75 (27%) 16 (17%) 42 (44%) 37 (39%)

5A allele 0.46 0.39 0.08
A-1185G A/A A/G G/G A/A A/G G/G

N (%) 58 (23%) 130 (51%) 65 (26%) 23 (24%) 41 (43%) 31 (33%)

A allele 0.48 0.46 0.56
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Table 3. Plasma vWf levels in AMI patients and control subjects.

Blood group AMI Patients Control Subjects P-value
All subjects 155.0 105.8 - 223.5 162.5 98.5 - 222.5 0.936
O blood group 115.0 82.0-177.5 143.0 86.0 - 219.5 0.234
Non-o blood group 180.5 131.1 - 246.5 173.0 133.7 - 227.8 0.511

The values of vWT are expressed as median, 25th and 75th percentiles.
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Table 4. Plasma vWf levels according to the A-1185G polymorphism.

Genotypes AMI Patients Control Subjects

A/A 138.0 98.0 - 213.5 158.5 135.2 - 223.7
A/G 161.5 108.5 - 223.5 171.0 94.0 - 239.0
G/G 156.5 107.5 - 234.0 134.5 90.8 - 215.2

The values of VWTf are expressed as median, 25th and 75th percentiles.
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Abstract

Several coagulation factors have been associated with the risk of acute myocardial
infarction (AMI). During the last decades it has been demonstrated that mutations in genes
that encode blood coagulation factors involved in thrombus formation play a crucial role in
AMI risk. Fibrinogen is the clotting factor most frequently investigated in relation to arterial
risk. Variants located in the a- and B-fibrinogen genes have been associated with the plasma
levels and to the risk of AMI. Factor VII (fVIl) is the first factor of extrinsic pathway of
coagulation and high levels of fVII increases the risk of AMI. The R353Q and
insertion/deletion in gene of fVII are genetic variants that affect the fVII circulating levels.
The mutations factor V Leiden, located in clotting factor V, and the G20210A, located in
prothrombin gene, are well established in relation to venous thrombosis, but their effects in
arterial thrombosis remain controversial. We conducted a case-control study of 283 AMI
cases and 96 control subjects, all aged < 60 years to associate the contribution of
polymorphisms of fibrinogen, factor VII, factor V and prothrombin genes to the risk of AMI.
We also investigated the association of the G-455A and 7agl variants with the circulating
fibrinogen levels. In the present study, the distribution of the G-455A and 7agl variants of
fibrinogen genes and the R353Q and insertion/deletion of factor VII did not differ
significantly between AMI patients and control subjects. The factor V Leiden and
prothrombin G20210A mutations were found in very low frequencies in our population and
were not predictive. The plasma fibrinogen levels were significantly higher in AMI patients
than in control subjects, but this association was not independent of other coronary risk
factors. The 7agl polymorphism was not affected the fibrinogen levels. The main finding of
this study is that the A allele of G-455A variant is associated with increased plasma
fibrinogen levels. We concluded that the variants investigated in this study did not increase
the risk of acute myocardial infarction before the age of 60 years. The plasma fibrinogen
levels were not independently associated with the AMI in Brazilian Caucasians in the present

study.
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Introduction

Genetic and environmental factors contribute to the development of acute myocardial
infarction (AMI). Over the last decades it has been demonstrated that mutations in genes
that encode blood coagulation factors involved in thrombus formation play a crucial role in
AMI risk.

Fibrinogen is a clotting factor and an acute phase reactant, apart from being a co-
factor to platelet aggregation and stimulating the smooth muscle cell migration. The first
epidemiological investigation that included fibrinogen levels was the Northwick Park Heart
Study (1), but in 1976 Fulton & Duckett (2) had proposed the monitoring plasma fibrinogen
to reduce morbidity after AMI. Increased plasma fibrinogen level is an independent risk
factor for cardiovascular events and mortality in a wide variety of studies (3-9). Fibrinogen is
a glycoprotein that consists of three chains encoded by three different genes, a-, - and y-
fibrinogen. Polymorphisms of the fibrinogen genes influence plasma fibrinogen levels
(10,11). The G-455A polymorphism located in the promoter region of the B-fibrinogen gene
has been associated with the elevated fibrinogen levels (12-16). Whether the G-455A
polymorphism is associated with ischaemic coronary syndromes remains unclear. Previous
studies have found that genotype frequencies of the G-455A polymorphism are similar
between patients with a myocardial infarction and control subjects (17,18). Another variant
the 7agl polymorphism, located in 3' region of the a-fibrinogen gene, has been investigated
with relation to the role in plasma fibrinogen levels, but significant associations were not

found in several studies (19,20).

The factor VII (fVII) is a coagulation factor and its plasma levels were associated
with ischaemic events for the first time in Northwick Park Heart Study (1), confirmed by
other studies and more pronounced in fatal events (21-23). However, this association was
not observed by Folson et al. (24). Blood levels of factor VII are genetically determined, and
previous studies have demonstrated a strong association with two polymorphisms the R353Q
and the promoter insertion/deletion. The R353Q polymorphism determine the presence of a
glutamine (Q) or arginine (R) at amino acid 353 of fVII gene and the insertion (I)/deletion
(D) is caused by a 10 bp insertion in the —323 promoter region. Both variants are candidates
for having an effect on plasma levels of fVII. The carriers of Q allele of R353Q have 20-25%
lower levels of fVII (25,26). The R353Q have been investigated in relation to ischaemic
events and AMI risk, and positive associations have been found in some (27,28) but not in
other studies (29-31). The insertion/deletion polymorphism has been associated with plasma

levels of fVII (32,33) and with ischaemic risk (34), but other studies did not find such
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associations (35,36).

A mutation called factor V Leiden resultant of a single nucleotide change at position
1691 in the gene coding the coagulation factor V, leads to the replacement of an arginine by
a glutamine in the activated protein C (APC) cleavage site of factor V. As a result the factor V
is less efficiently inactivated by APC (37). Association of fV Leiden with venous
thromboembolism is well established in the literature (38), but the role of this mutation in
arterial thrombotic events is controversial. Whether fV Leiden has an influence on the
incidence of arterial thrombosis and AMI has been the subject of several studies with
conflicting results. Several reports have associated fV Leiden with atherosclerosis, myocardial
infarction (39-41) and stroke (42). However, other studies have failed to demonstrate such
an association (43,44). Some studies have documented an association between this mutation
and stroke in juveniles (45). Rosendaal et al. (40) reported a four-fold increase in risk of AMI
in young women carrying the fV Leiden, however the risk seemed to be limited to women

with other major cardiovascular risk factors.

Another mutation, the prothrombin variant G20210A, a genetic variation in the 3'-
unstranslated region of the prothrombin gene is associated with elevated plasma
prothrombin and thombin levels, thus increasing the risk of thrombotic events (46). This
variant was associated with venous thrombosis (47), coronary artery disease (48) and stroke
(49). In contrast, other studies have not found an association between this polymorphism
and ischaemic events (50). Doggen et al (29) and Rosendaal et al (40) reported an
increase in risk of AMI in young women carrying the 20210A allele. However, Durante-
Mangoni et al. (51) found that this variant confers no increased risk for MI. Two studies in
Brazil found an increased prevalence of the 20210A allele in patients with arterial disease in
absence of hyperlipoproteinemia, hypertension and diabetes (52,53). When both variants
were evaluated jointly neither fV Leiden nor the prothrombin variant were found to be
important risk factors in young women who suffered a stroke before the age of 45 years
(54).

The purpose of the present study was to determine if the plasma fibrinogen levels
and G-455A and 7agl polymorphisms of fibrinogen, R353Q and insertion/deletion of factor
VIl gene and the mutations fV Leiden and G20210A of prothrombin are risk factors for

premature AMI.

Methods

We conducted a case-control study with 283 Brazilian Caucasians patients that had
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suffered an acute myocardial infarction before the age of 60 years and 96 control subjects.
The patients were enrolled from the Instituto de Cardiologia do Rio Grande do Sul (Rio
Grande do Sul, Brazil) over a period of 18 months (from August 2001 to April 2003).
Subjects who had had a myocardial infarction in the 90 days before the investigation were

excluded from this study. All the patients had been submitted to previous angiography study.

The control subjects consisted of men and women from the same ethnic group of the
case group. None of control subjects had a history of angina or MI, according to the modified
ROSE questionnaire (55). Patients and control subjects were from independent families. The
case and control groups did not differ significantly according to age (student t-test: p=0.98)
or sex (chi-square test: p=0.18). Participating case patient and control subjects were
interviewed regarding cardiovascular risk factors and additional information was obtained in
clinical records. The acute myocardial infarction was defined if at least 2 of the 3 following
criteria were present: characteristic chest pain, elevated cardiac enzymes and ECG changes
indicative of AMI. This study was approved by the local Ethics Committee and all the subjects

gave their written informed consent.

Smoking status was recorded as non-smoker or smoker (more than 10
cigarrettes/day over last five years), diabetes was defined as present if previously diagnosed
or treated. Hypertension was defined as documented increase of blood pressure (>140/90
mmHg) requiring therapy. Family history of premature coronary artery disease was defined if
found in at least one consanguineous relative under the age of 60 years. Body mass index
was measured according to the equation weight/height®. Dysplipidemia was defined by levels
of triglycerides > 150 mg/dl, HDL-cholesterol < 40 mg/dl and LDL-cholesterol > 100 mg/dl
or if the individual was receiving lipid-lowering treatment at inclusion. Blood samples were

collected from all the patients after 12 hours-fasting state.

High molecular weight DNA was isolated from whole blood using a non-enzymatic
technique for DNA analysis (56). The polymorphisms were identified by using polymerase
chain reaction (PCR) followed by restriction enzyme digestion and polyacrilamide gel
electrophoresis. As previously reported, the p-fibrinogen G-455A polymorphism was
identified by restriction enzyme digestion of Haelll (57), the a-fibrinogen 7agl was identified
through digestion of 7agl (10) and the fVII R353Q polymorphism was identified by
restriction enzyme digestion of Mspl (58). The fVII insertion/deletion variant was identified
as previously reported (59). Restriction enzyme digestion of Hinalll was performed to
identify the fV Leiden (37) and the G20210A mutation (46).

Allele frequencies were determined by direct count of the alleles. Departures of
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Hardy-Weinberg equilibrium and differences between groups were evaluated by the chi-
square test. A P value < 0.05 was considered to indicate statistical significance. Prevalence of
fV Leiden and G20210A was compared in the study and control groups using the chi-square
test with Yates correction, if necessary. Except for analysis of genotype distribution,
heterozygous and homozygous were combined and compared with non-carriers of risk
alleles. Categorical variables were compared by using the Pearson chi-square test. Student t-
test compared means in 2 group comparisons. The ANOVA test was used to compare the
fibrinogen levels according to the three genotypes of G-455A and 7agl polymorphisms.
Baseline characteristics are expressed as means # standard deviations or percentages.

Statistical analysis was performed with the SPSS program 11 for windows (SPSS Inc. 1llinois).

Results

The clinical characteristics of patients and control subjects are shown in Table 1.
There was no significant difference in age and sex between groups. In the comparison
between AMI and control group for coronary risk factors, there were significant differences in
the prevalence of hypertension (p=0.000), diabetes mellitus (p=0.004), family history
(p=0.001) and non-O blood group (p=0.002). The analysis of multiple logistic regression
revealed that the independent risk factors for AMI were family history (p=0.009),
hypertension (p=0.000), dyslipidemia (p=0.000) and ABO blood group (p=0.002).

The plasma fibrinogen levels are showed in Table 1, AMI patients presented levels
significantly more elevated than control subjects (p=0.006). But the association of fibrinogen
levels with AMI was not independent of other coronary risk factors when subjected to logistic

regression analysis.

The differences in fibrinogen levels between genotypes of G-455A and T7agl
polymorphisms are presented in Table 2. There was a significant association of fibrinogen
levels according to genotypes of G-455A variant of B-fibrinogen gene. Homozygous for A
allele have the highest levels, GG homozygous have the lowest levels and the AG
heterozygous have the intermediate levels in all subjects (F=5.99; p=0.003) and in AMI
patients (F=7.59; p=0.001). For the control group this difference was not observed (F=0.27;
p=0.974). There was no difference in fibrinogen levels according to genotypes of the 7agl
polymorphism and no difference for all subjects (F=0.13; p=0.88) and no difference for AMI
patients (F=0.84; p=0.43). In the control subjects we observed a trend where the A1/Al
homozygous have higher levels of fibrinogen (F=1.16; p=0.31).

The distribution of genotypes and the frequencies of alleles between case and control
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subjects are summarised in Table 3. The B-fibrinogen A allele frequency was 0.19 in patients
and 0.17 in controls (p=0.70). In the AMI group, the frequencies of A/A, A/G and G/G
genotypes were: 3%, 32% and 65%, respectively. In the control group, the frequencies of
A/A, A/G and G/G genotypes were: 4%, 26% and 70%, respectively. In both groups the
genotype frequencies were in agreement with that predicted by the Hardy-Weinberg
equilibrium. The distribution of A/A + A/G genotypes was 35% in case and 30% in control
subjects (p=0.51). The a-fibrinogen Al allele frequency was 0.24 in patients and 0.23 in
controls (p=0.85). In the AMI group, the frequencies of A1/Al, A1/A2 and A2/A2 genotypes
were: 7%, 34% and 59%, respectively. In the control group, the frequencies of A1/Al,
Al1/A2 and A2/A2 genotypes were: 10%, 26% and 64%, respectively. In the control subjects
the genotype frequencies were in agreement with that predicted by the Hardy-Weinberg
equilibrium, but there was a significant deviation in the case group. The distribution of A1/Al1

+ A1/A2 genotypes was 41% in case and 36% in control subjects (p=0.48).

The factor VII Q allele frequency was 0.13 in patients and 0.14 in controls (p=0.96).
In the AMI group, the frequencies of Q/Q, Q/R and R/R genotypes were: 3%, 21% and
76%, respectively. In the control group, the frequencies of Q/Q, Q/R and R/R genotypes
were: 2%, 23% and 75%, respectively. There was a significant deviation from the Hardy-
Weinberg equilibrium in both groups. The distribution of Q/Q + Q/R genotypes was 24% in

case and 25% in control subjects (p=0.88).

The factor VII insertion allele frequency was 0.18 in patients and 0.17 in controls
(p=0.94). In the AMI group, the frequencies of I/1, I/D and D/D genotypes were: 5%, 26%
and 69%, respectively. In the control group, the frequencies of I/1, 1/D and D/D genotypes
were: 2%, 30% and 68%, respectively. In the control subjects the genotype frequencies
were in agreement with that predicted by the Hardy-Weinberg equilibrium, but there was a
significant deviation in the case group. The distribution of I/l + I/D genotypes was 31% in

case and 32% in control subjects (p=0.86).

The fV:Q506 mutation (the GIn allele) was found only in 3 patients and in no control
subject. We did not find a homozygous for the fV Leiden mutation in subjects analised. The
prothrombin 20210A allele was found in 5 patients and one control subject. We did not find a
homozygous for the 20210A allele. The genotype frequencies for both variants in case and

control groups were in agreement with that predicted by the Hardy-Weinberg equilibrium.

Discussion

The fibrinogen is the most investigated coagulation factor related to ischaemic
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coronary events. The fibrinogen is the last step of the coagulation pathway. Apart from this
role in coagulation, fibrinogen is an acute phase reactant, and is associated to inflammatory
processes. The atherosclerotic process that composes coronary artery disease may be
compared to an inflammatory process (60). Citokines produced by activated monocytes and
smooth muscle cells are a stimulant for the fibrinogen synthesis (61). Kamphuisen et al. (7)
suggested that higher fibrinogen levels observed in patients with venous thrombosis are not
caused by an acute phase reaction, supporting the causal relationship between levels of
fibrinogen and vascular risk. In addition, the fibrinogen acts as an antioxidant against
oxidative stress arising from inflammatory conditions (62). In the present study, the levels of
plasma fibrinogen were significantly higher in AMI patients than in control subjects.
However, this association was not independent of other major coronary risk factors in a
logistic regression model. Our results confirm those previously reported, where elevated
plasma fibrinogen levels were associated with coronary disease and more specifically AMI
(1,8,59). Some studies have reported an association between fibrinogen levels and other
major coronary risk factors such as age, ethnic group and hypertension (14,63,64). The
adjustment to these coronary risk factors substantially decreased the coronary risk

associated with the higher levels of fibrinogen as previously reported (6,65).

In the present study the 7agl polymorphism located in 3" region of a-fibrinogen gene
was not associated with the plasma fibrinogen levels. Our results are consistent with those
previously reported (15,20), however disagreeing with those obtained by Heinrich et al. (66).
The G-455A polymorphism is located in the promoter region of the B-fibrinogen gene and the
synthesis of the B-fibrinogen chain is the rate-limiting step for the fibrinogen assembly in
plasma (67). According to Brown & Fuller (68), the A allele is associated with higher
promoter activity through the differential binding of regulation complexes in this region. In
the present study the raised levels of fibrinogen were observed in the A allele carriers, with
the highest levels in AA homozygous confirming previous observations (69). In the control
group there was no significant effect of B-fibrinogen polymorphism on fibrinogen levels,
probably due to the smaller number of subjects. Our observations provide confirmation to
previous reports (11-13,16,18,69,70) where the G-455A polymorphism is associated with

differences in fibrinogen levels.

In the present study, there was no difference in frequency of the A allele of G-455A
polymorphism between AMI cases and control subjects. Other studies also failed to find an
association between the G-455A genotype and AMI risk (16,71). The frequency of A allele
found in this study was similar to those frequencies reported in other studies (13,72). The

Tagl polymorphism also was not associated to AMI in the present study, confirming the
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results reported by Doggen et al. (72). The main finding of the present study is that the A
allele of G-455A variant is associated with increased plasma fibrinogen levels but not with an

increased risk of AMI.

In conclusion, in the present study the plasma fibrinogen level was not an
independent risk factor for AMI. We suggested that the 7agl and G-455A variants of
fibrinogen genes were not associated with the increased risk of AMI. However, as the G-
455A variant was associated with the plasma fibrinogen level, and environmental factors
might affect the fibrinogen levels, these factors might also affect the response to genetic

predisposition to higher levels of plasma fibrinogen.

Factor VIl is a clotting factor where the highest levels are commonly associated with
a raised risk of AMI and other coronary syndromes (22,24). The factor VII levels are
influenced by genetic and environmental factors. Previous studies have demonstrated a
positive association with two variants, the R353Q and the insertion/deletion in the —-323
promoter region of factor VII. The polymorphisms R353Q and insertion/deletion are
associated with factor VII levels through the control of expression of fVII gene as shown in
several studies (25,33,73) and consequently associated with the AMI risk. In the present
study, we did not find differences in allele frequencies between AMI patients and control
subjects for the R353Q and insertion/deletion polymorphisms in the factor VII gene. Our
results confirm those obtained by other authors (29,30,73-76). Cai et al. (77) did not find an
association with the R353Q polymorphism in Chinese AMI subjects, although the factor VII
levels had been related to genotypes and to AMI risk. In contrast, lacoviello et al. (27) and
Girelli et al. (78) found a significant influence of the R353Q in the risk of AMI. Di Castelnuovo
et al. (34) also found a positive association between the insertion/deletion polymorphism and
the risk of AMI before the age of 45 years. We conclude that the polymorphisms R353Q and
insertion/deletion in the factor VIl gene despite a potential genetic predisposition to increase

in factor VII levels are not associated to the risk of AMI.

Factor V Leiden is a common mutation caused by a G/A substitution that results in a
factor V less efficiently inactivated by activated C protein (38). The fV Leiden is the most
common risk factor to venous thrombosis but its role in arterial thrombosis remains unclear.
Some studies have reported positive associations of fV Leiden and AMI (29,79) but others
have not found any association (43,80,81). The G20210A variant of prothrombin is located in
the 3" unstranslated region and it is associated with the plasma prothrombin levels (46) and
was found a risk factor for venous thrombosis by Simioni et al. (47). Doggen et al. (29) and
Rosendaal et al. (40) observed positive associations of this variant and the risk of AMI.

Results of previous studies are controversial, some authors reported positive associations
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(29,82,83) and others did not (51,84). In the present case-control study, we did not find any
association between the fV Leiden and G20210A prothrombin variants and the risk of AMI.
Probably, our results are not definitive because of the low frequencies of these mutations
observed in our population. As these variants are not common, association studies need to
be larger to detect possible relations. These variants might also be associated with the other

major coronary risk factors, and thus increase the risk of AMI.

In conclusion, we suggested that the G-455A and 7agl of fibrinogen, R353Q and
insertion/deletion of fVII, and fV Leiden and G20210A prothrombin variants were not

associated with increased risk of AMI in our case-control study.
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Table 1. Characteristics of AMI patients and control subjects.

Characteristic AMI Patients Control Subjects P-value
(n=283) (n=96)
Age 50.4+6.4 50.4+7.2 0.980
Male sex 82% 75% 0.180
Smoking status 18% 18% 1.000
Non-O blood group 61% 42% 0.002
Hyperlipidemia 62% 36.5% <0.001
Diabetes status 26% 10.5% 0.004
Hypertension 61% 34% <0.001
Family history 59% 40% 0.001
Fibrinogen (mg/dl) 299.8 + 55.7 281.8 +46.1 0.006
C-reactive protein 0.26 (0.13 - 0.61) 0.18 (0.08 - 0.34) 0.006

Student-t test for continuous variables and qui-square for discrete variables were used to compare the
values. Ages are presented as mean + SD. For the AMI patients the value refers to the age at onset of
myocardial infarction, not the current age. C-reactive protein values are expressed as median, 25th
and 75th percentiles.
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Table 2. Plasma fibrinogen levels according to G-455A and 7agl polymorphisms.

Genotypes All Subjects AMI Patients Control Subjects

G-455A

A/A 316.4 £ 54.7 331.3+56.4 281.6 =+ 36.9

A/G 307.4 £58.5 314.8 £59.8 279.9 +£44.8

G/G 287.6 £49.9 289.4 + 50.7 282.5+47.6
P=0.003 P=0.001 P=0.974

Tagl

Al/A1 291.4+54.4 285.0 £ 54.2 304.1 £ 55.6

Al/A2 295.6 £ 57.3 299.3+£57.0 281.3+£57.3

A2/A2 296.9 £ 52.5 302.7 £55.2 278.1+37.1
P=0.880 P=0.432 P=0.318

P-value of ANOVA comparing fibrinogen levels between three genotypes of G-455A and T7aqgl

polymorphisms.
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Table 3. Allele and genotype frequencies of G-455A and 7agl of fibrinogen gene and R353Q

and 1/D polymorphisms of factor VIl in patient and control subjects.

Polymorphism AMI Patients Control Subjects P-value
G-455A A/A A/G G/G A/A A/G G/G
N (%) 8 (3%) 85 (32%) 173 (65%) 4 (4%) 25 (26%) 66 (70%)
A allele 0.19 0.17 0.70
Taql Al/A1 Al1/A2 A2/A2 Al/A1 A1/A2 A2/A2
N (%) 19 (7%) 95 (34%) 164 (59%) 9 (10%) 25 (26%) 60 (64%)
Al allele 0.24 0.23 0.85
R353Q Q/Q Q/R R/R Q/Q Q/R R/R
N (%) 7 (3%) 59 (21%) 211 (76%) 2 (2%) 22 (23%) 71 (75%)
353Q allele 0.13 0.14 0.96
I/D 1/1 I/D D/D 1/1 1/D D/D
N (%) 14 (5%) 71 (26%) 193 (69%) 2 (2%) 28 (30%) 63 (68%)
| allele 0.18 0.17 0.94
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Abstract

Pathophysiological alterations of proteins participating in the fibrinolytic pathway
have been investigated in etiological studies related to acute myocardial infarction (AMI) risk.
The tissue-type plasminogen activator (t-PA) is the main endogenous fibrinolytic enzyme.
Prospective studies indicate that elevated endogenous t-PA levels predict the risk of AMI. An
insertion (I)/deletion (D) polymorphism in the t-PA gene has been associated with the risk of
AMI. Plasminogen activator inhibitor-1 (PAI-1) is the major inhibitor of t-PA, and high plasma
levels of PAI-1 could be associated to AMI by an impaired fibrinolysis. The 4G/5G
polymorphism has been associated with the plasma levels of PAI-1 by a regulation of
expression of the PAI-1 gene. We conducted a case-control study of 283 AMI cases and 96
control subjects, all aged < 60 years to investigate the association of t-PA 1I/D and PAI-1
4G/5G polymorphisms with the risk of AMI. In the present study, we did not find difference
in 4G allele frequency of the 4G/5G variant of PAI-1 between AMI patients and control
subjects. The | allele frequency of the t-PA 1/D variant was not different between patients
and control subjects. However, we detected a significant increase in the | allele frequency
among the AMI patients under the age of 45 years, when compared to control subjects with
the same age. We did not find difference in frequencies of the t-PA | and PAI-1 4G alleles
according to the number of diseased vessels or number of AMI suffered. We conclude that in
this study the PAI-1 4G/5G polymorphism was not associated with the risk of AMI and we
suggested that the t-PA insertion/deletion variant contributes to AMI only in subjects under

the age of 45 years. Thus, at a younger age the t-PA 1/D might be of importance in AMI.
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Introduction

Epidemiological studies have shown that a decreased fibrinolytic activity has been
associated with first and recurring acute myocardial infarction (AMI), and the use of
fibrinolytic agents has become standard treatment for MI. The fibrinolytic system is
responsible for the dissolution of a fibrin clot through the conversion of proenzyme
plasminogen into the active protease plasmin by the endogenous tissue-type plasminogen
activator (t-PA), which is synthesised by endothelial cells. The plasminogen activator
inhibitor-1 (PAI-1) is the major inhibitor of t-PA and data indicated that reduced fibrinolytic

activity due to increased PAI-1 plasma levels predispose to recurrent myocardial infarction
(1).

The t-PA is the main endogenous fibrinolytic enzyme (2,3). High levels of t-PA are
indicative of an activation of the fibrinolytic system. Some studies have shown an association
between t-PA activity and risk of AMI (4,5). Other studies have found similar associations
with stroke (6,7) and venous thromboembolism (8). Prospective data suggested that t-PA

concentration may be a marker of risk for future AMI (5).

An insertion (1)/deletion (D) type polymorphism due an A/u repeat sequence in intron
h of the human t-PA gene has been associated with the plasma levels of t-PA (9). Thus, this
polymorphism would represent a risk factor for AMI with potentially important
pathophysiological and therapeutic implications. Both 1/l genotype of t-PA I/D polymorphism
and increased t-PA levels were considered risk factor for AMI (10), however no association
between the t-PA levels and genotype was observed. In contrast, other studies found no

association between the t-PA 1/D polymorphism and AMI (8,11,12).

The PAI-1 acts in the regulation of fibrinolysis and is an acute phase reactant (13).
PAI-1 plasma levels are associated with the 4G/5G insertion/deletion polymorphism located
in the promoter region roughly 675bp upstream from the transcriptional start site of the PAI-
1 gene (14). Reports have suggested that the 5G allele but not the 4G allele contain an
additional binding site for a DNA-binding protein that could be important as a transcriptional
repressor. An association between deep vein thrombosis and the 4G/5G polymorphism has
been reported (15). The 4G allele of 4G/5G polymorphism was associated with a family
history of coronary artery disease (16), with CAD (17), with progression of coronary
syndromes in patients with atherosclerosis (18), coronary thrombosis and AMI among
middle-aged men who had died suddenly (19). However, the 4G/5G polymorphism was not

associated with an increased risk of stroke (6,20,21).

In this study we investigated the polymorphisms of insertion/deletion of t-PA gene
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and 4G/5G of PAI-1 gene in Brazilian Caucasians with AMI below the age of 60 years

compared to control subjects.

Methods

We conducted a case-control study of 283 Brazilian Caucasian patients that suffered
acute myocardial infarction before the age of 60 years and 96 control subjects. The patients
were recruited from the Instituto de Cardiologia do Rio Grande do Sul (Rio Grande do Sul,
Brazil) over a period of 18 months (from August of 2001 to April of 2003). Subjects who had
had an AMI in the 90 days before the investigation were excluded from this study. The
patients were submitted to previous angiography. The control subjects consisted of men and
women from the same ethnic group as the group of cases, participants in preventive

campaigns from the above mentioned Institution.

The control subjects were availed by the modified ROSE questionnaire (22). None of
the control subjects had a history or clinical evidence of angina pectoris or AMI. Patients and
control subjects were from independent families. Data of personal and family history for
cardiovascular disease and acquired risk factors were obtained from all patients, and
additional information was obtained from medical records. The acute myocardial infarction
was defined if at least two of the following criteria were present: characteristic chest pain,
elevated cardiac enzymes and ECG changes indicative of AMI. The case and control groups
did not differ significantly according to age (student t-test: p=0.98) or sex (chi-square test:
p=0.18). This study was approved by the local Ethics Committee and all the subjects gave

their written informed consent.

Smoking status was recorded as non-smoker or smoker (more than 10 cigarrette/day
in last five years), diabetes mellitus was defined as present if previously diagnosed or
treated. Hypertension was defined as documented increase of blood pressure (>140/90
mmHg) requiring therapy. Family history of coronary artery disease was defined if found in
at least one consanguineous relative. Body mass index was measured according to the
equation weight/height?. Dysplipidemia was defined by levels of triglycerides > 150 mg/dI,
HDL-cholesterol < 40 mg/dl and LDL-cholesterol > 100 mg/dl or if the individual was
receiving lipid-lowering treatment at inclusion. Blood samples were collected from all the

patients after 12 hours-fasting state.

High molecular weight DNA was isolated from whole blood using a non-enzymatic
technique (23) for DNA analysis. The polymorphisms were identified by using polymerase

chain reaction (PCR) and direct agarose gel electrophoresis containing ethidium bromide,
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and visualised under ultraviolet light. The t-PA I/D polymorphism was identified as previously
reported (9). Specific primers for the 4G allele or the 5G allele were used for the
identification of PAI-1 4G/5G polymorphism (24).

Allele frequencies were determined by direct count of the alleles. Departures from the
Hardy-Weinberg equilibrium and differences between groups were evaluated by the chi-
square test. A P value < 0.05 was considered to indicate statistical significance. Except for
analysis of genotype distribution, heterozygous and homozygous were combined and
compared with non-carriers of the risk alleles. Categorical variables were compared by using
the Pearson chi-square test. The Student t-test compared means in the comparisons
between 2 groups. Baseline characteristics were expressed as means + standard deviations
or percentages. A logistic regression model was used to control metabolic risk factors.

Statistical analysis was performed with the SPSS program 11 for windows (SPSS Inc. lllinois).

Results

The clinical characteristics of patients and control subjects are shown in Table 1.
There was no significant difference in age and sex between groups. As expected, recognised
risk factors for CAD (hyperlipidemia, diabetes mellitus, hypertension, and family history)
were significantly more frequent among AMI patients than among the control subjects. The
non-O blood group was significantly more prevalent in AMI cases than in control subjects
(p=0.002).

The distribution of genotypes and frequencies of alleles between case and control
subjects are summarised in Table 2. The t-PA | allele frequency was 0.54 in patients and
0.47 in controls (p=0.10). In the AMI group, the frequencies of I/1, 1/D and D/D genotypes
were: 31%, 47% and 22%, respectively. In the control group, the frequencies of I/1, 1/D and
D/D genotypes were: 23%, 48% and 29%, respectively. In each group, the genotype
frequencies were in agreement with that predicted by the Hardy-Weinberg equilibrium. The
I/1 + 1/D genotypes were more prevalent in patients (78%) than in control subjects (72%)
(p=0.21). The homozygosity for the | allele was not associated to AMI risk when compared

with those homozygous for the D allele (p=0.13).

The 4G allele frequency was 0.44 in patients and 0.48 in controls (p=0.39). In the
AMI group, the frequencies of 4G/4G, 4G/5G and 5G/5G genotypes were: 19%, 51% and
30%, respectively. In the control group, the frequencies of 4G/4G, 4G/5G and 5G/5G
genotypes were: 21%, 54% and 25%, respectively. For both groups, the genotype

frequencies were in agreement with that predicted by the Hardy-Weinberg equilibrium. The
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distribution of 4G/4G + 4G/5G genotypes was 69% in AMI patients and 73% in controls
(p=0.44). The homozygosity for the 4G allele was not associated with an increased risk of

AMI when compared with those homozygous for the 5G allele (p=0.45).

We found no significant association between the t-PA and PAI-1 polymorphisms and
the number of vessels affected in the AMI group: 82% of t-PA | allele carriers had > 3
diseased vessels and 78% had < 2 diseased vessels (p=0.64). When carriers of 4G allele of
4G/5G polymorphism were availed for the number of diseased vessels, 60% of the subjects
had > 3 and 73% had < 2 diseased vessels (p=0.14). We did not find differences between
cases suffering one AMI when compared with subjects with more than one AMI for the t-PA
polymorphism: 79% of carriers of | allele had one AMI and 78% of carriers had more than
one AMI (p=1.00). In analysis of PAI-1 polymorphism, 69% of carriers of 4G allele had one
AMI and 72% of carriers had more than one AMI (p=0.81).

The prevalence of carriers of the PAI-1 4G allele was similar between case and
control subjects indifferent to number of risk factors. When individuals were divided because
of the number of risk factors, the frequency of carriers of t-PA | allele was not significantly
different between case and control subjects (73% vs 73%, p=0.81) in carriers of more than
2 risk factors. Also for the analysis of 4G/5G variant we did not find difference between cases
and controls for carriers of 4G allele (70% vs 76%, p=0.62) for subjects with more than 2

risk factors.

We investigated the association of t-PA and PAI-1 polymorphisms in relation to AMI
risk in a subgroup of individuals with age < 45 years. We found a significant association
between t-PA polymorphism in relation to risk of AMI. The t-PA | allele frequency was 0.55 in
AMI patients and 0.37 in control subjects (p=0.04). However, for the PAI-1 variant, the 4G

allele frequency was 0.48 in case and 0.45 in control subjects (p=0.25).

Discussion

The present study indicates that the t-PA I/D and PAI-1 4G/5G polymorphisms were
not associated with the risk of acute myocardial infarction in Brazilian Caucasians before the
age of 60 years. However, we found a trend towards a higher prevalence of the t-PA I/l
genotype in AMI cases than in control subjects. When subjects < 45 years were evaluated,

the | allele of t-PA I/D variant was significantly associated with AMI.

Tissue plasminogen activator (t-PA) is the major endogenous activator of the

fibrinolytic system and high levels of t-PA have been associated with increased risk of AMI
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(4,5). Plasminogen activator inhibitor-1 (PAI-1) is the main inhibitor of t-PA and high levels
of PAI-1 have been associated with a decreased fibrinolytic activity. Patients with previous
episodes of thrombosis have low systemic fibrinolytic activity and elevated protein
concentrations of t-PA and PAI-1 (1,25). The Alu repeat insertion/deletion polymorphism has
been associated with the risk of venous and arterial thrombosis. There is evidence that
circulating levels of PAI-1 may be under genetic control and the 4G/5G is the most
investigated polymorphism because it is located in the promoter region of the PAI-1 gene,

and it has been associated with the PAI-1 levels in several studies (16,26-28).

In the Physicians' Health Study, the t-PA 1/D polymorphism has not been associated
with the risk of myocardial infarction (11). In addition, this polymorphism is not a risk factor
for MI as reported by Steeds et a/. (12) neither in United Kingdom patients, nor in African-

Americans (8). In this latter study, the genotypes were also unrelated to t-PA plasma levels.

In contrast, studies reported the association of t-PA | allele with an increased risk of
coronary thrombosis and AMI (10). In the latter study an increased t-PA level was associated
with an increased risk of AMI, however this association was not independent of other
cardiovascular risk factors. Ridker et al. (5) reported that high levels of t-PA were associated
with the three-fold risk of further AMI, but without evidence of association between the t-PA
I/D polymorphism. Gram et al. (29) followed-up 29 patients with AMI for 4 years and found
the highest concentrations of t-PA in plasma of patients who had had a reinfarction. In most
of the studies the circulating levels of t-PA were measured in an asymptomatic period, this
fact might not reflect the fibrinolytic capacity at the moment and site of thrombus formation.
Differences might be due to the design of studies. Our study restricted the analysis to
subjects under the age of 60 and a subgroup with < 45 years, to search for the effects of
genetic factors. Caucasian subjects were studied in order to control the ethnic differences in
t-PA 1/D distributions. The studies of Steeds et a/. (12) used patients under 75 years and the
study of van der Bom et al (10), which found an independent association between the |
allele and AMI, analysed patients with an mean age of 72 years, much higher than defined in
our population. The 1 allele frequency found in our AMI patients was similar to those found
in AMI cases by Ridker et a/. (11) and Steeds et al. (12). However, the | allele frequency was
lower in our control group (0.47) than among the controls studied by Steeds et al. (12)
(0.58). This frequency found in control group was reduced when we avaliated only subjects
younger than 45 years. When analysing a subgroup with the same age as our group, a trend
towards association was observed (11). Population-specific factors may be responsible to the
differences in results between our study and that by van der Bom et a/. (10) which found a

positive association between | allele and MI.
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In our study, the PAI-1 4G allele was not associated with AMI independently of age
at onset of AMI (< 60 or < 45 years), which is confirmed by other studies (10,27,30,31).
There were only few studies available concerning the effect of PAI-1 4G/5G in young AMI
survivors, Eriksson et al. (14) included MI patients under 45 years and the frequency of 4G
allele was 0.63 compared to 0.53 among control subjects. These frequencies were more
elevated than those found in our population, even when only the subjects under the age of
45 years were avaliated. But in the Eriksson et al. (14) study the number of patients was
rather small in comparison to our study. Contrasting results to previous studies were
obtained by Hindorff ef a/. (32), which suggest a decreased risk of Ml among young women

carrying the 4G allele.

Various studies have demonstrated that the PAI-1 activity has an association with
genotype of 4G/5G variant. The 4G/4G homozygous has higher PAI-1 activity in comparison
with the 5G homozygous (27,28). Panahloo et a/. (33) studied the 4G/5G and PAI-1 levels in
AMI patients and found no evidence that 4G/4G genotype carriers have higher PAI-1 levels
on admission to hospital or 6 months after AMI. The 4G/4G genotype was not associated
with stroke before the age of 60 years (21). Other studies (5,19,34) have found an
association between the 4G/4G genotype with myocardial infarction, in comparison with
carriers of 5G allele. The genotype of the PAI-1 was related to the presence of CAD (17),
and CAD in subjects with non-insulin-dependent diabetes mellitus (24), supporting the

hypothesis that elevated levels of PAI-1 may play a role in the development of CAD.

Studies have supported that PAI-1 is produced at sites of atheromatous plaques (35)
and the high PAI-1 levels in patients with coronary disease might be a result of the
established disease and it does not have a causal role in atherosclerosis or AMI. The raised
PAI-1 levels might act as a marker of a suppression of fibrinolytic system. Catto et al. (20)
reported no association between 4G/5G and risk of stroke, but the PAI-1 levels were
elevated at the time of acute stroke, probably as a result of an acute phase response.
Elevated plasma PAI-1 levels have been shown to be associated with AMI (25) and a higher
risk of reinfarction amongst survivors of AMI under 45 years of age (1). Also it is possible
that the PAI-1 levels is a marker of the severity of the acute event. The PAI-1 4G/5G
polymorphism was analysed in African-Americans for the risk of AMI and venous
thromboembolism (8) and no association was found. Geographic differences in genotype
distribution as well as prevalence of risk factors might contribute to variation in risk of Ml in
different populations. Recently, Yamada et a/. (36) in an extensive study of gene candidates
for AMI risk, found an association between 4G/5G polymorphism with AMI in women, but not

in men.
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In conclusion, in the present study, the PAI-1 4G/5G polymorphism was not

associated with risk of AMI and the t-PA insertion/deletion variant was associated with AMI

only in individuals under the age of 45 years. Thus, at a younger age the t-PA 1/D might to

be of importance in AMI.
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Table 1. Clinical characteristics of AMI patients and control subjects.

AMI Patients Control Subjects

Characteristic (n=283) (n=96) P-value
Age 50.4+6.4 50.4+7.2 0.980
Male sex 82% 75% 0.180
Smoking status 18% 18% 1.000
Non-O blood group 61% 42% 0.002
Hyperlipidemia 62% 36.5% <0.001
Diabetes status 26% 10.5% 0.004
Family history 59% 40% 0.001
Hypertension 61% 34% <0.001
Fibrinogen (mg/dl) 299.8 £ 55.7 281.8 +46.1 0.006
C-reactive protein (mg/dl) 0.26 (0.13 - 0.61) 0.18 (0.08 - 0.34) 0.006

Values are expressed as mean + SD or number (%) of patients. Student-t test for continuous variables
and chi-square for discrete variables were used to compare the values. For the AMI patients the value
refers to the age at onset of myocardial infarction, not the current age. C-reactive protein values are
expressed as median, 25th and 75th percentiles.
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Table 2. Allele and genotype frequencies of t-PA and PAI-1 polymorphisms in patients and

control subjects.

Polymorphism AMI Patients Control Subjects P-value
t-PA I/ 1/D D/D I/1 1/D D/D

N (%) 85 (31%) 132 (47%) 60 (22%) 22 (23%) 45 (48%) 27 (29%)

| allele 0.54 0.47 0.10
PAI-1 4G/4G 4G/5G 5G/5G 4G/4G 4G/5G 5G/5G

N (%) 52 (19%) 143 (51%) 83 (30%) 20 (21%) 51 (54%) 23 (25%)

4G allele 0.44 0.48 0.39
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Capitulo 6

DISCUSSAOQ

O infarto agudo do miocardio é uma das principais causas de morte e diminuicdo da
gualidade de vida no Brasil, por isso a prevencdo do IAM é um dos mais importantes focos
de interesse em programas de salde publica. O 1AM é uma doenga complexa e multifatorial
gue resulta da interacdo de fatores genéticos e ambientais. Aparentemente, a incidéncia do
IAM aumenta proporcionalmente ao namero de fatores de risco, entre os quais podemos
citar: hipercolesterolemia, diabetes mellitus, tabagismo e hipertensdo. Uma historia familiar
positiva € considerada um fator de risco, indicando a existéncia de genes de suscetibilidade,
muito embora os fatores de risco convencionais também tenham seu componente genético.
O interesse em identificar o componente genético na predicdo do risco coronariano é
justificado pelo fato que individuos saudaveis, portanto sem fatores de risco conhecidos,

podem apresentar um 1AM, principalmente em idade precoce.

Diversos estudos genéticos tém identificado genes candidatos como fatores de risco
para IAM e doenca arterial coronariana. Embora diversos trabalhos tenham relatado
resultados controversos ao estudarem populacfes diferentes em relagdo a um polimorfismo
em um Uunico gene, o tipo de estudo mais indicado seria a avaliagdo simultanea de diversos
polimorfismos, em diversos genes, além de um delineamento adequado. Um fator que deve
ser levado em consideracdo na escolha das variantes genéticas a serem analisadas € o
significado biolégico dos produtos protéicos dos genes candidatos. Como geralmente o 1AM
resulta da ruptura de uma placa aterosclerética e posterior trombose, polimorfismos
envolvidos com a formacdo e progressdo da aterosclerose podem ser Uteis na predicdo do
risco. Tendo em vista os processos que controlam o tdnus vascular, a disfuncdo endotelial, a
adesao e agregacdo plaquetarias, a coagulacédo sanglinea e a fibrindlise, o presente trabalho
se prop8e a elucidar quais das variantes genéticas analisadas sé@o preditivas para o IAM em

idade precoce.

Os Fatores Endoteliais

Uma das funcdes mais importantes do endotélio é fornecer uma superficie anti-

tromboética. A inducdo e posterior liberacdo do fator tissular transforma o endotélio em uma
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superficie procoagulante. Oscilagbes no fluxo sangliineo estimulam a expresséo e liberacdo
do fator tissular pelas células endoteliais e forcas hemodinamicas, localizadas principalmente
em regides de bifurcacdo dos vasos, podendo favorecer a trombogénese (MAZZOLAI et al.,
2002). O fator tissular também atua na proliferacdo de células musculares lisas e na ativacao
de metaloproteinases de matriz, que degradam a matriz extracelular que recobre a placa
aterosclerética. Assim, a aterosclerose é um processo sistémico que resulta da interacdo de

fatores de risco e condi¢Bes locais do endotélio vascular.

O oxido nitrico (ON) é um subproduto da conversdo do aminoacido L-arginina em
citrulina, através da acdo da enzima 6xido nitrico sintetase (NOS). A forma endotelial da NOS
(eNOS) é encontrada no endotélio e plaquetas, e seu produto atua no controle do ténus
vascular, inibindo a adesédo e agregacdo palquetarias e a proliferacdo de células musculares
lisas (ROSS, 1999; CHIANG, 2000; 2001). Na ultima década, diversos estudos tém
investigado a associacdo entre os niveis de ON e diversas doencas do sistema
cardiovascular. Devido ao seu efeito sobre o endotélio vascular, surgiu o interesse na
identificacdo de variantes genéticas determinantes dos niveis de ON, e portanto associadas
ao risco de eventos agudos, como o IAM. HIBI et a/. (1998) foram os primeiros autores a
propor a associagéo entre o polimorfismo Glu298Asp presente no gene da eNOS com 0 risco
de IAM. Esse polimorfismo também foi associado a hipertensdo (MIYAMAMOTO et al., 1998;
SHOJI et al., 2000) e IAM (SHIMASAKI et al., 1998; HINGORAMI et al., 1999) em japoneses,
através de diferencas nas concentracbes de ON e seu efeito sobre as artérias. Apesar da
associacdo clara em japoneses, diferentes popula¢@es apresentam resultados contraditérios,
como revisto em ARAS et al. (2002). O polimorfismo T-786C, por estar localizado na regido
promotora do gene da eNOS, foi associado aos niveis de ON, a ocorréncia de espasmo
coronariano (NAKAIAMA et al., 1999; YOSHIMURA et al., 2000) e IAM (NAKAIAMA et al.,
2000).

AKAR et al. (1999a) associaram um polimorfismo localizado no intron 4 do gene da
eNOS ao risco de acidente vascular cerebral, porém sem asociagdo com trombose venosa.
Os polimorfismos T-786C e Glu298Asp foram avaliados por ROSSI et a/. (2003), no GENICA
Study, quanto ao risco de CAD em caucasoéides. Os resultados indicaram que a variante T-
786C foi preditiva para CAD, independentemente de outros fatores de risco, inclusive
relacionada a severidade da doencga, entretanto o polimorfismo Glu298Asp ndo se mostrou

associado.

Nosso estudo demonstrou a existéncia de associacdo entre a ocorréncia de 1AM e o
polimorfismo Glu298Asp. Entretanto, quanto ao polimorfismo T-786C ndo encontramos essa
mesma associacdo. SHIMASAKI et al (1998) e HINGORANI et al. (1999) também
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encontraram associacdo entre o polimorfismo Glu298Asp e IAM em japoneses. Quanto ao
polimorfismo T-786C, este foi associado ao risco de 1AM no trabalho de NAKAYAMA et al.
(2000) e com a severidade de CAD por ROSSI et al. (2003), esse ultimo em caucasoides. O
alelo C da variante T-786C é muito mais freqliente em caucasoides, como pdde ser
observado em nosso trabalho e no de ROSSI et a/. (2003). Em japoneses sem sintomas de
doenca cardiovascular a freqiiéncia do alelo C é de aproximadamente 0,03, enquanto em
pacientes com espasmo coronariano € de 0,15. A freqiéncia do alelo C em japoneses é
muito menor do que a observada em individuos controles utilizados em nosso estudo (0,41)
e das relatadas por GONZALES-ORDONEZ et al. (2000) e ROSSI et al. (2003), de 0,41 e de

0,38, respectivamente.

O fator von Willebrand tem sido considerado um marcador de lesdo endotelial e
associado a ocorréncia de IAM (JANSSON et al, 1991; CORTELLARO et al, 1992;
THOMPSON et al, 1995), presenca de CAD (OSSEI-GERNING et al, 1998) e disfuncéo
endotelial pulmonar (LOPES et al, 1998). Entretanto, em nosso estudo ndo observamos
diferencas nos niveis de fvW em individuos infartados quando comparados aos individuos
controles. Provavelmente, os maiores niveis de fvW estejam associados a fase aguda do 1AM
(primeiros 3 meses) e como individuos em fase aguda néo foram incluidos em nosso estudo,
esse poderia ser o motivo da falta de associacdo. Quando avaliamos os niveis de fvW em
individuos com e sem lesdo aparente na angiografia também néo observamos diferencas
(179 vs. 193 U/dl; p=0,31). Nés também ndo encontramos diferencas nos niveis de fvwW
gquando individuos com e sem lesdo coronariana foram comparados em um estudo anterior
(SIMON et al, 2003). Os niveis de fvW também ndo foram preditivos da extensdo da
aterosclerose no trabalho de NILSSON et a/. (2002), porém foram associados com a doenca
coronariana de acordo com SCHUMACHER et a/. (2002). Recentemente, foram descritos 3
polimorfismos de DNA (C-1234T, A-1185G e G-1051A) localizados na regido promotora do
gene do fvwW que de acordo com KEIGHTLEY et a/ (1999) estariam associados aos niveis
circulantes desse fator. Em nosso trabalho nés ndo observamos associacéo entre os niveis de
fvW com os genétipos do polimorfismo A-1185G, assim como também néo foi associado no
trabalho de SIMON et a/. (2003), confirmando os dados de di BITONDO et a/ (2001) que

também ndo observaram associacdo entre a variante A-1185G e o risco de AMI.

Alguns trabalhos, como o de THOMPSON et al (1995) observaram que 0s niveis
elevados de fvW podem ser usados como marcadores de risco para eventos agudos
subsequentes. E dificil determinar se os niveis elevados de fvW s&o realmente preditivos
para eventos agudos subseqientes: se sdo causais para esses eventos (na formacdo de

novos trombos) ou meramente consequéncia do dano celular pos-IAM ou pés-angina.
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Fatores genéticos e ambientais parecem afetar os niveis de fator von Willebrand, o grupo
sangliineo ABO parece explicar de 30% a 40% da variabilidade genética (SOUTO et al.,
2003). Niveis de fvW sdo mais elevados em individuos do grupo sangliineo nao-O.
Entretanto, em nosso estudo os niveis de fvW nédo diferiram entre pacientes e controles
apesar do controle para o tipo sangliineo ABO. Verificamos que individuos do grupo nao-O
apresentaram niveis de fvW mais elevados que os individuos do grupo O. E possivel que os
niveis do fvwW também possam ser afetados por outros fatores de risco ou variaveis ndo

controladas no presente estudo.

A ativacdo plaquetaria e a consequente formacdo do trombo, aliados a
vasoconstri¢cdo sdo os eventos que diferenciam um estado crénico de um evento coronariano
agudo. As plaquetas interagem com diversos fatores de coagulacdo, aderindo ao colageno
exposto na lesdo endotelial e fornecendo sitios de ligacdo para protrombina e fator XI
(HEEMSKERK et al. 2002). A ativacédo plaquetéria e a cascata da coagulacdo sdo processos
mutuamente dependentes para a hemostasia e trombose. Durante a ativacdo plaquetéria
diversas substancias sdo liberadas, uma delas é a serotonina, que exerce diversos efeitos
sobre a parede vascular, favorecendo a trombogénese, a mitogénese e a vasoconstricao
(McFADDEN et al., 1991; VANHOUTTE et al, 1991; KAUMANN et al., 1994). Plaquetas sao
ricas em serotonina, e 0s receptores para serotonina estdo localizados nas membranas
celulares de plaquetas e células musculares lisas. A ligacdo dos receptores plaguetarios a
serotonina liberada, induz a agregacao plaguetaria e a contracéo de células musculares lisas,
0 que por conseguinte estimula a liberacdo de mais serotonina. Dessa forma, a serotonina
estimula a acdo dos receptores e a ativagdo de outras plaquetas. A proliferacdo de células

musculares lisas € um importante componente da aterosclerose e reestenose pos-"stent".

Até recentemente, a serotonina vinha sendo associada a doencas como depressao,
esquizofrenia e transtornos afetivos, sendo considerada um fator de risco para 1AM pela
primeira vez por YAMADA et al. (2000). Desde entdo, diversos estudos tém relacionado os
niveis de serotonina, assim como a depressdo, ao risco de IAM. O uso de agentes
antidepresssivos (triciclicos e blogueadores seletivos de recaptacdo da serotonina) tem sido
considerado cardioprotetor (COHEN et al., 2000; STRIK et al., 2001). Inclusive no periodo
pos-1AM, a depressdo é um sintoma comum e o uso de bloqueadores de recaptacdo da
serotonina inibe a adesdo plaquetaria. Modelos animais mostram que durante episodios
isquémicos o nivel de serotonina aumenta, e o blogueio do receptor 5-HT,A aumenta o fluxo
sanguineo e diminui o tamanho da lesédo resultante do infarto, pela inibicdo da liberacdo de
serotonina (SANADA et al., 2002; SHIMIZU et al., 2002b). O polimorfismo T102C no gene do

receptor 5-HT,A, parece afetar a funcdo receptora. Individuos com gendtipo T/T mostram
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picos de agregacdo plaquetéria induzida mais elevados que individuos T/C ou C/C (SHIMIZU
et al. 2002a), sugerindo um significado funcional a esse polimorfismo. Em nosso trabalho,
observamos diferencas nas frequéncias do alelo T da variante T102C associada ao 1AM,
entretanto os valores néo alcancaram significancia estatistica. Mesmo assim, sugerimos uma
associacao entre a variante T102C do receptor da serotonina ao risco de 1AM, provavelmente
através de diferencas na adesdo e agregacdo plaquetarias que sdo inerentes ao

desenvolvimento do I1AM.

A estromelisina-1 é uma metaloproteinase de matriz do tipo 3, envolvida nos
processos de degradacdo da matriz extracelular de processos fisioldégicos (crescimento,
remodelamento e diferenciacdo) e patoldgicos (artrite, UGlcera e metastase de tumores)
(revisto em VISSE & NAGASE, 2003). A estromelisina-1 parece estar envolvida na progresséao
de lesBes aterosclerdticas e posterior trombose, através do enfraquecimento da capa fibrosa
que protege a placa aterosclerética, tornando-a instavel e mais propensa a ruptura, o que
freqiientemente leva ao IAM. O polimorfismo 5A/6A na regido promotora do gene da
estromelisina-1 esta associado a diferencas na atividade promotora do gene, e assim a
expressdo e atividade da estromelisina-1. Como foi demonstrado em nosso trabalho,
portadores do alelo 5A foram significativamente mais freqiientes no grupo de pacientes com
IAM do que no grupo controle, confirmando essa hip6tese. Nossos resultados confirmam
aqueles obtidos por TERASHIMA et al. (1999) e YAMADA et al (2002). BEYZADE et al.
(2003) avaliaram individuos submetidos a angiografia coronariana e observaram que
individuos com genoétipo 6A/6A apresentaram um maior nimero de artérias corondrias
comprometidas por estenoses, enquanto que individuos com genoétipos 5A/5A e 5A/6A
apresentaram um risco elevado de 1AM decorrente, provavelmente, da presenca de placas

mais propensas a ruptura.

Os Fatores de Coagulacéo

A associacdo entre concentracbes elevadas de fatores da coagulacdo sangtinea e o
risco cardiovascular tém sido o objeto de inGmeras investigacbes epidemioldgicas, na
tentativa de predizer o risco de IAM. Entretanto, diversos fatores de coagulacdo ndo agem
somente na formacdo do coagulo sanglineo, mas também interagem com outros fatores da
coagulacdo e substancias inflamatérias, o que dificulta a interpretacdo da causalidade da
relacdo. Como a aterosclerose é um processo inflamatério (ROSS & GLOMSET, 1973; ROSS,
1993; 1999), a participacdo dos fatores de coagulacdo pode se dar no componente

inflamatorio do processo aterosclerdtico ou no componente trombético.
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O fibrinogénio € o fator de coagulacdo mais estudado em relagdo ao risco vascular,
por ser o precursor imediato do codgulo sangliineo. Além de ser um fator da coagulacédo, o
fibrinogénio também é uma proteina de fase aguda, sendo um marcador de processos
inflamatorios. O fibrinogénio aumenta a viscosidade sanglinea por ser a proteina de maior
concentracdo no plasma sangliineo e exerce um efeito anti-oxidante (ERNST, 1993; ERNST
& RESCH, 1993; OLINESCU & KUMMEROW, 2001). A associacdo de niveis elevados de
fibrinogénio com o risco de IAM, inclusive de IAM recurrente, foi observada em diversos
trabalhos (THOMPSON et al., 1995; LUC et al, 2003). Os niveis de fibrinogénio também
foram associados ao risco de mortalidade pds-I1AM (WOODWARD et al., 1998; BAKER et al.,
2002). Diversas variantes genéticas parecem influenciar os niveis plasmaticos de
fibrinogénio, os polimorfismos mais estudados sédo G-455A no gene B-fibrinogénio e 7agl no
gene o-fibrinogénio (de MAAT et al., 1998; MARGAGLIONE et al., 1998b; VAISANEN et al.,
1997; BRULL et al., 2002).

Apesar de diversos estudos terem associado essas duas variantes genéticas aos
niveis de fibrinogénio, e os niveis de fibrinogénio estarem associados ao risco de 1AM, a
associacdo entre as variantes e o risco de 1AM permanece controversa. No presente estudo
nds relatamos que nos pacientes com 1AM, os niveis de fibrinogénio foram significativamente
mais elevados que nos individuos controles, entretanto essa associagao foi perdida quando
outros fatores de risco foram considerados. N6s também observamos que o polimorfismo G-
455A teve efeito sobre os niveis de fibrinogénio. Individuos com genotipo A/A apresentaram
0s niveis mais elevados e individuos com gendtipo G/G os menores niveis, tendo 0s
heterozigotos A/G niveis intermediérios, estando de acordo com a literatura (van der BOM et
al., 1998). Porém, nem o polimorfismo G-455A nem 7agl foram associados ao risco de IAM,
concordando com os trabalhos de LEE et a/. (1993) e BRULL et a/. (2002).

Dessa forma, podemos concluir que o polimorfismo G-455A esta associado com 0s
niveis de fibrinogénio, porém nao mostrou associagdo com o risco de IAM. Por outro lado, 0s
niveis elevados de fibrinogénio plasmético estdo associados ao risco de 1AM, porém essa
associacdo parece ndo ser independente de outros fatores de risco. Portanto, se existir

associacdo entre o polimorfismo G-455A e IAM, essa inferéncia ainda devera ser esclarecida.

O fator VII (fVIl) é o primerio fator plasmatico da via extrinseca da coagulagao,
desencadeada pela liberacdo do fator tissular. E € exatamente por ser ativado na presenca
do fator tissular, que o fVII tém sido investigado em relacdo a sua associacdo com o |IAM.
Niveis elevados de fVII foram associados ao risco de IAM nos trabalhos de JUNKER et al.
(1997) e NOTO et al. (2002). Duas variantes genéticas localizadas no gene do fVII, - R353Q

e insercdo/delecdo - foram associadas aos niveis plasmaticos de fVIlI em diversos trabalhos
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(POLLAK et al., 1996; HUNALT et al., 1997; HEYWOOD et al., 1997; di CASTELNUOVO et al.,
1998). Apesar da associacdo entre esses polimorfismos e os niveis de fVII, resultados

conflitantes quanto ao efeito das variantes no risco do 1AM ainda permanecem.

Nossos resultados ndo mostraram diferencas nas freqiiéncias alélicas dos
polimorfismos R353Q e I/D no gene do fVII entre pacientes com IAM e controles. Apesar de
ndo termos investigado os niveis de fVIl, e por isso ndo podermos avaliar seu efeito
fisiologico, esses polimorfismos ndo foram associados ao risco de IAM. Outros estudos
também n&o encontraram associa¢do entre os genétipos dos polimorfimos R353Q e I/D e o
risco de IAM (LANE et a/., 1996; DOGGEN et al., 1998a; ARDISSINO et al., 1999; BATALLA
et al., 2001; KAKKO et al., 2002; SHIMOKATA et al., 2002). No trabalho de CAI et al. (2000),
embora os niveis de fVII tenham sido associados aos gendétipos do polimorfismo R353Q, ndo
foi observada associacdo deste com I1AM. Por outro lado, no estudo de LI et al. (2002), entre
diversos polimorfismos estudados, o polimorfismo R353Q foi o Unico associado ao risco de

IAM em pacientes com menos de 45 anos.

Como os niveis de fibrinogénio e fVIl sdo influenciados por diversos fatores, a
associacdo entre os niveis desses fatores da coagulacdo e o risco de 1AM é dificil de ser
determinada. A maior limitacdo dos estudos que avaliam a dosagem dos fatores
hemostéaticos como o fibrinogénio e fvW, analisados no presente estudo, é a dosagem

plasméatica no periodo pos-1AM.

O fator V Leiden é uma mutacdo causada pela substituicdo de uma arginina por uma
glutamina na proteina resultante, o que torna o fator V resistente a acdo da proteina C
ativada, ndo sendo apropriadamente inativado (BERTINA et a/., 1994). O fV Leiden é a causa
genética mais comum de trombose venosa entre caucasoéides (BURICK et a/., 1997). Embora
a relacdo do fV Leiden com trombose venosa seja clara, ainda que ndo seja independente de
outros fatores de risco (ESPINOZA et al., 2001), sua associacdo com trombose arterial é
bastante controversa. Os trabalhos de RIDKER et al (1995), JUNKER et al (1998) e
REDONDO et al. (1999) ndo observaram associacdo entre essa mutacao e o risco de 1AM, ja
HOLM et al. (1996) e ROSENDAAL et al. (1997a) observaram um aumento significativo no
risco de 1AM em portadores do fV Leiden. Em nosso trabalho, a freqiiéncia do fV Leiden foi
muito reduzida, ficando abaixo do esperado para populacdes caucasdides. Assim sendo,

qualquer inferéncia fica prejudicada pelo tamanho amostral reduzido.

A protrombina ou fator Il além de ser responsavel pela transformacéo do fibrinogénio
circulante em polimeros de fibrina, tem diversas funcdes celulares. Um polimorfismo

denominado G20210A localizado na regido 3' ndo-traduzida foi associado aos niveis de
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protrombina (POORT et al., 1996). Essa mutacdo tem sido associada ao risco de trombose
venosa (ROSENDAAL et al., 1997b; SIMIONI et al., 1998; DOGGEN et a/., 1998b) entretanto,
os resultados relativos a trombose arterial sdo controversos. Em nosso trabalho, néo
observamos associacdo da variante da protrombina e o risco de 1AM, provavelmente devido
a baixa frequéncia de portadores. No trabalho de AKAR et al. (1999b) tanto o fator V Leiden
gquanto a mutacdo da protrombina foram independentemente associados a infarto cerebral
em criancas. Como as variantes do fV Leiden e da protrombina mostram diferencas
populacionais, em nosso estudo a associacdo dessas variantes com o risco de 1AM n&do foram

evidenciadas.

Os Fatores Fibrinoliticos

Uma capacidade fibrinolitica reduzida pode estar associada a manutencéo da rede de
fibrina que compde o trombo intravascular e individuos portadores dessa condicdo estariam
mais propensos a desenvolver um IAM. Diversos métodos para acessar a capacidade
fibrinolitica tém sido propostos, mas as medidas das concentracdes do antigeno do ativador
tipo tissular do plasminogénio (t-PA) e do complexo t-PA/PAI-1 (t-PA complexado a seu
inibidor) parecem ser as mais utilizadas. A concentracdo plasmatica do inibidor tipo 1 do
ativador do plasminogénio (PAI-1) é muito mais elevada do que a concentracdo do t-PA,
assim medidas aumentadas de t-PA livre e complexado sdo indicativas de atividade
fibrinolitica reduzida. JOHANSSON et a/. (2000) estudaram os niveis plasmaticos de t-PA,
PAI-1 e do complexo t-PA/PAI-1, observando que niveis elevados de t-PA livre e complexado
foram associados independentemente com o risco de AVC hemorragico ou trombético. Niveis
de t-PA:Ag foram elevados em pacientes com doenca coronariana (SCHUMACHER et a/,
2002). Niveis plasméaticos de PAI-1 foram um fator de risco para eventos isquémicos no
PRIME Study (SCARABIN et a/., 1998). LOWE et al. (1998) acompanharam durante 5 anos
individuos entre 45 e 65 anos, e observaram que os niveis mais elevados de t-PA e PAI-1 no
inicio do estudo foram observados em homens que posteriormente desenvolveram IAM ou
morreram por causa isquémica. CORTELARO et a/. (1992) no PLAT Study associaram os altos
niveis de PAI-1 com eventos tromboéticos isquémicos. THOMPSON et al (1995) no ECAT
Study também verificaram que altas concentragbes de PAI-1 foram associadas a eventos

isqguémicos em pacientes com angina pectoris.

Embora o polimorfismo de insercdo/delecdo de uma sequéncia A/ no gene do t-PA
seja associado ao risco de IAM em alguns trabalhos, por estar localizado em um intron, um

papel funcional seria improvavel. Tem sido sugerido que a variante 1I/D poderia alterar a
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estabilidade ou o "splincing" do mRNA e van der EIJNDEN-SCHRAUWEN ef a/. (1995) reporta
que os niveis basais de t-PA ndo seriam influenciados pelo polimorfismo 1/D. Recentemente,
8 novos polimorfismos localizados no locus do t-PA foram descritos por LADENVALL et al.
(2000) e a variante denominada C-7351T parece estar associada ao risco de IAM
(LADENVALL et al, 2002) pelo seu efeito na liberacdo de t-PA. Aparentemente, existem
diferencas nas taxas de liberacdo local e sistémica do t-PA, e essas diferencas podem
influenciar o risco de eventos isquémicos. De acordo com GUNADSON et al (2003)
individuos em idade avancada apresentam um aumento na liberacdo de t-PA, numa tentativa
de compensar o risco aterotrombdtico, entretanto esse processo € influenciado pela

presenca de outros fatores de risco.

O polimorfismo 4G/5G tem sido associado aos niveis de PAI-1 e estudos "in vitro"
tém demonstrado que ambos os alelos do polimorfismo apresentam sitios de ligacdo para
ativadores de transcricdo, porém o alelo 5G apresenta um sitio adicional para uma proteina
repressora (ERIKSSON et al, 1995). Dessa forma, na presenca do repressor o alelo 4G
estaria associado a um aumento nos niveis basais de transcricdo. Aparentemente, pacientes
diabéticos com genétipo 4G/4G tém niveis de PAI-1 muito mais elevados quando também
apresentam altos niveis de triglicerideos (MANSFIELD et a/., 1995). Entretanto, ndo é sabido
como os niveis de triglicerideos influenciam os niveis plasmaticos de PAI-1. Uma associacdo
negativa entre os niveis de PAI-1 e HDL-colesterol também foi descrita em pacientes com
angina pectoris (JUHAN-VAGUE et al, 1996). A associacdo dos niveis de PAI-1 com o0s
fatores de risco cardiovascular poderia explicar porque diversos estudos encontram uma
relacdo entre os niveis de PAI-1 e o risco de IAM, enquanto outros estudos, apds o ajuste
para fatores de risco, perdem a associacdo. Em nosso estudo, nem o polimorfismo I/D do t-
PA nem 4G/5G do PAI-1 foram associados ao risco de infarto antes dos 60 anos. No entanto,
gquando avaliamos um subgrupo com idade inferior aos 45 anos, observamos uma associacao

positiva com o polimorfismo 1/D do gene do t-PA.

A idade de ocorréncia do IAM pode ser determinante para a suscetibilidade de
portadores de determinados fatores de risco genéticos, a identificacdo desses fatores ndo sé
aumenta o entendimento da fisiopatologia das sindromes isquémicas agudas, como também
oferece uma perspectiva futura, podendo (re)direcionar os esforcos em terapéutica e
prevencdo. Nossos resultados sugerem a investigacdo de gendtipos dos polimorfismos do t-

PA, da serotonina e da estromelisina, pois esses foram associados ao risco de I1AM.

Talvez os polimorfismos que se mostram preditivos para o risco de IAM em homens
nao o sejam em mulheres. A incidéncia de IAM em mulheres € menor do que em homens, e

a idade difere em ambos os grupos. Também sdo observadas diferencas nas taxas de
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sobrevivéncia pos-IAM entre os sexos (PELTONEN et al, 2000). YAMADA et al. (2002)
realizaram um grande estudo caso-controle em japoneses avaliando 112 polimorfismos
genéticos localizados em 71 genes candidatos a predicdo do risco de IAM. De todos os
polimorfismos analisados, somente 4G/5G do PAI-1 e 5A/6A da estromelisina-1 foram
preditivos do risco de IAM em mulheres, e em homens apenas o polimorfismo da conexina

37, uma proteina vascular.

Em virtude do delineamento desse estudo, a investigacdo da associacdo com IAM é
limitada a casos nao-fatais, e somente um estudo longitudinal poderia esclarecer se esses
polimorfismos sdo marcadores para casos fatais. Uma fonte de viés que ndo pode ser
controlada é a modificacdo de habitos de vida nos pacientes pés-IAM, conforme foi
observado em nosso trabalho quanto a freqiiéncia de fumantes no grupo de pacientes.
Como o IAM é multifatorial e influenciado por diversos fatores que podem interagir entre si
de forma sinergistica ou competitiva, a interacdo entre fatores de risco conhecidos e o0s

ainda ndo-descobertos pode influenciar o impacto destes no curso da doenca.

98



Capitulo 6

Resumo e Conclusodes

O mecanismo patogénico mais importante no IAM é a oclusdo trombética de uma

artéria coronariaria no local de ruptura de uma placa aterosclerética. Recentemente, diversos

estudos tém investigado a associacdo entre o IAM e fatores genéticos protrombdticos. O

presentetrabalho € um estudo tipo caso-controle a fim de avaliar o efeito de diversos

polimorfismos genéticos em um grupo de pacientes com IAM antes dos 60 anos de idade.

Foram investigados 283 pacientes e 93 individuos controles, todos caucaséides e sem

diferencas quanto a proporg¢ao sexual e idade média entre 0s grupos.

=

As principais conclusfes estdo resumidas abaixo:

O polimorfismo T-786C, localizado na regido promotora do gene da eNOS, nédo foi

associado ao risco de 1AM.

A variante GIlu298Asp, localizada no gene da eNOS, foi associada ao risco de IAM.
Individuos portadores do alelo Asp foram mais freqlientes no grupo caso que no grupo
controle. Entretanto, essa associacdo ndo foi independente de outros fatores de risco
coronarianos. Essa variante aumentou significativamente o risco de 1AM quando

associada a outros fatores metabdlicos.

O polimorfismo T102C, localizado na regido promotora do gene do receptor da
serotonina ndo foi associado ao risco de IAM no presente estudo. Entretanto, essa
variante parece estar associada a severidade de CAD, pois individuos portadores do alelo

T dessa variante apresentaram mais vasos afetados no estudo angiografico.

A variante 5A/6A no gene da estromelisina-1, uma metaloproteinase de matriz, foi
significativamente associada ao risco de 1AM no presente estudo. Essa variante nao foi
associada ao risco de re-1AM ou ao nimero de vasos afetados. Esse polimorfismo foi um

fator de risco genético independente para IAM.

A variante A-1185G no gene do fator von Willebrand néo foi associada ao risco de 1AM e

ndo afetou os niveis plasmaticos de fvW. Os niveis plasmaticos de fvW também nao
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foram associados ao risco de 1AM no presente estudo.

Os niveis de fibrinogénio foram significativamente mais elevados nos pacientes com 1AM
comparado ao grupo controle, porém essa associacdo ndo foi independente de outros

fatores de risco coronarianos.

O polimorfismo 7agl nao foi associado aos niveis de fibrinogénio plasmatico. Entretanto,

a variante G-455A teve efeito significativo sobre os niveis plasmaticos de fibrinogénio.

A variante G-455A, localizada no gene B-fibrinogénio e a variante 7agl, localizada no

gene a-fibrinogénio ndo foram associadas ao risco de 1AM.

Os polimorfismos R353Q and insercdo/delecdo no gene do fator VII n&do foram

associados ao risco de 1AM.

As mutacBes do fator V Leiden e G20210A da protrombina foram encontradas em

frequéncias muito baixas na populacdo estudada e assim, ndo foram preditivas.

O polimorfismo de insergdo/dele¢cdo no gene do t-PA néo foi associado ao risco de 1AM
em pacientes com idade inferior a 60 anos. Entretanto, n0s detectamos um aumento
significativo na freqiéncia do alelo | entre pacientes com IAM antes dos 45 anos de
idade. Assim, em uma idade precoce o polimorfismos 1I/D do gene do t-PA poderia ser

um importante fator preditivo para o IAM.

. O polimorfismo 4G/5G no gene do PAI-1 n&o foi associado ao risco de IAM no presente

estudo. Além disso, também ndo encontramos associa¢cdes dessa variante com o numero

de vasos afetados ou a recurréncia de 1AM.

Summary
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The most important mechanism of AMI is the thrombotic oclusion of coronary artery
at the site of a ruptured atherosclerotic plaque. Recently, several studies have been
investigated the association between the AMI risk and prothrombotic genetic factors. The
present study is a case-control study to evaluate the effect of several genetic polymorphisms
in a case group with AMI before the age of 60 years. 283 patients and 93 control subjects

were investigated, all caucasian and without sex and age differences between groups.

The main concludions are the following:

1. The T-786C polymorphism, located in the promoter region of the eNOS gene, was not

associated to AMI.

2. The GIlu298Asp variant, in the gene of eNOS, was associated with the risk of AMI.
Carriers of the Asp allele were more frequent in cases than in controls. However, this
association was not independent of other major risk factors. This variant significantly

increased the risk of AMI when associated with other metabolic risk factors.

3. The T102C polymorphism, located in the serotonin receptor gene, was not associated
with the risk of AMI in the present study. However, this variant appear be related to
severity of CAD, because carriers of T allele shown more diseased vessels in angiographic

study.

4. The 5A/6A variant of stromelysin-1, a matrix metalloproteinase enzyme, was significantly
asssociated to AMI risk in the present study. This variant was not associated with the risk
of re-1AM or with the number of diseased vessels. This polymorphism was an independet

genetic risk factor for AMI.

5. The A-1185G variant of the von Willebrand factor gene was not associated with the risk
of AMI and does not affect the vWf plasma levels. The vWTf plasma levels also was not

associated with the risk of AMI.

6. The plasma levels of fibrinogen was significantly higher in AMI patients than in control

subjects, but this association was not independent of other major coronary risk factors.

7. The Tagl polymorphism was not associated with the fibrinogen levels. However, the G-

455A variant affected significantly the fibrinogen plasma levels.

8. The G-455A variant located in the B-fibrinogen gene and the 7agl located in the a-
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fibrinogen gene were not associated with the risk of AMI.

The R353Q and insertion/deletion variants of the factor VIl gene were not associated
with the risk of AMI.

The factor V Leiden and prothrombin G20210A mutations were found in very low

frequencies in our population an were not predictive.

The insertion/deletion polymorphism of the t-PA gene was not associated with the risk of
AMI in patients before the age of 60 years. However, we detect a significant increase in
the | allele frequency among the AMI patients under the age of 45 years. Thus, at a

younger age the t-PA I/D variant might be an importat predictive factor to the AMI.

The 4G/5G polymorphism of the PAI-1 gene was not associated with the risk of AMI in
the present study. Also, we did not find associations of this variant according to the

number of diseased vessels or number of AMI suffered.
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Anexo 1

TERMO DE CONSENTIMENTO INFORMADO

U, e declaro, sob a
responsabilidade do médico que assina esse documento, que concordo em participar do
projeto de pesquisa ESTUDO DOS FATORES GENETICOS DE RISCO PARA O INFARTO DO
MIOCARDIO. Recebi explicacdo clara e detalhada sobre a pesquisa acima mencionada, a

qual submeto-me de livre e esponténea vontade, reconhecendo que:

1) Foi explicado que o objetivo do estudo é possibilitar uma melhor compreensédo do
mecanismo do infarto agudo do miocardio em idade precoce. Esse é um estudo genético que
avaliard dosagens protéicas e polimorfismos de DNA em genes de fatores hemostaticos, que

estdo envolvidos na patogénese dessa doenca.

2) Minha participacdo envolve a retirada de 10 ml de sangue periférico para anélise e uma
entrevista. O desconforto que poderei sentir € o da picada da agulha e a formagdo de um
pequeno hematoma. A amostra de sangue coletada serd utilizada estritamente para 0s
exames laboratoriais descritos no presente projeto. O DNA gendmico extraido da minha
amostra de sangue sera armazenado apropriadamente e identificado por um cédigo,
garantindo o sigilo da minha identidade. O DNA extraido somente sera utilizado para a
genotipagem dos polimorfismos genéticos descritos no presente projeto, ndo sendo utilizado
para nenhum outro fim. Foi garantido que nenhuma outra pessoa, além da doutoranda e seu
orientador, tera acesso ao material proveniente da minha amostra. Foi explicado que todos
0s restos celulares resultantes da coleta de sangue, ndo utilizados no presente trabalho,

serdo desprezados.

3) Me foi dada a liberdade de retirar meu consentimento a qualquer momento e deixar de

participar do estudo, sem que isso traga prejuizo a minha pessoa.

4) Foi dada a garantia de receber resposta a qualquer pergunta ou ddvida acerca dos
beneficios e riscos da pesquisa. Os dados referentes a este estudo poderdo ser acessados

por mim, pelos pesquisadores envolvidos ou pelo médico responsavel.

5) Foi dada a garantia de ndo ser identificado e de ser mantido o carater confidencial da

informacado em relacdo a minha privacidade.

6) Foi explicado que ndo receberei medicacdo e foi garantido que n&o terei gastos em
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participar desse estudo.

assinatura da doutoranda

Declaro que esse formulario foi lido
2T 1= o | (- em........ [ /.
B - T T T TP PP P PP PPPPPPTPPPP
BU et et e e estava presente.

assinatura da testemunha
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Anexo 2

PROTOCOLO DO PACIENTE 1AM
n° prontuario: Data:
Nome: ABO:
Raca: (1 caucasoide [1negrdide [ outro Sexo: [ masculino (] feminino
Data de Nascimento: / / Idade: anos
Altura: m Peso: Kg IMC:
Enderego: ne
apto bairro CEP Cidade:
Telefone: Ocupacéo:
Proveniente de:
Infarto do Miocardio (numero): Data e localizagdo do primeiro IAM:
Ocorréncia de outros IAMs entre o primeiro IAM e o IAM em estudo:

Data do IAM em estudo:

Modo de tratamento hospitalar do 1AM em estudo:

() conservador () trombolitico

Evolugdo hospitalar:

() Angina p6s IAM (

() Arritmias Ventriculares () IVE (

( ) nenhuma intercorréncia

() ACTP primaria

) Re—IAM relacionado ao ultimo infarto

) Morte relacionada ao 1AM
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Procedimentos de Revasculariza¢éo utilizados no caso:

1) ACTP priméria (data) citar o tipo (bal@o, stent ou ambos)

2) ACTP com baldo (data e vaso dilatado)

3) Implante de Stent (data e vaso dilatado)

4) CRM (data e descricéo)

Complicac¢des do(s) procedimento(s):

% de lesao residual da ACTP:

Evolucdo pos hospitalar:

AVC pré-1AM em estudo: [ sim (data) ( ) [ ndo

AVC po6s IAM em estudo: trombose:

Outra doenca aterosclerotica presente: Qual?

Data do diagnostico de outra doenca aterosclerdtica:

FATORES DE RISCO

Doencas cronicas:

HAS: []sim (U] tratada ) ‘1 ndo "1 ndo sabe

Tabagismo: [1sim (tempo de fumo e quantidade de cig/dia ) [ nao
[J ex-fumante ( )

Hiperlipidemia: 1 sim H& quanto tempo? Tratamento (U dieta 0
droga ) ‘1 ndo 1 ndo sabe

Atividade Fisica: [ sedentéria [ ndo-sedentaria frequéncia:

Diabete: 0 sim (tipo U tratada ) C néo U néo sabe
Etilismo: Csim 0 nao quantidade: / /
Gestagbes: [ sim ( ) [ n&4oACO: []sim (tempo: ) ‘1 ndo
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Menopausa: [ sim (tempo: ) 0Ondo HTR

HISTORIA FAMILIAR

grau de parentesco e idade do diagnéstico

[ Angina ( )
(] Infarto do Miocardio ( )
[] Diabete ( )
1 HAS ( )
] Morte Subita ( )

1 Outra doenca aterosclerética(carotidea  e/ou

(

doenca  vascular  periférica

)

[1 HF de outras doencas(

)

Medicamentos em uso (descrever)

Cineangiocoronariografia relacionada ao IAM em
/ /

estudo (data e descricao)

Observacoes:

130



Anexo 3

PROTOCOLO DO CONTROLE CO
data
Nome: ABO:
raca: [J caucasoide [J negroéide [J outra sexo: [J feminino (1 masculino
idade: data de nascimento: / /
altura: peso: IMC:
endereco: n° apto
bairro cidade CEP
telefone ocupacao
estado civil proveniente de

doencas crénicas:

HAS: [Jsim (desde quando? tratada? desde quando? )
[ ndo 1 néo sabe
tabagismo: (1 sim (quantos cigarros/dia? guantos anos?

[ ndo [J ex-fumante/tempo de abandono?

atividade fisica: L] sedentario [ ndo sedentario frequiéncia por semana:

diabete: [] sim (desde quando? tratada? ) [Jndo [Jndo sabe
etilismo: [ sim/quantidade por semana: 1 néo

gestacdes: [1sim [ ndo ACO: [ sim [J ndo
menopausa: [ sim desde quando? 0 nao HTR: Osim 0 nao
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HISTORIA FAMILIAR

(grau de parentesco e idade do diagnostico):

Angina:

Infarto do miocardio:

Diabete:

HAS:

Morte subita:

Outra doenca aterosclerética

(carotidea

e/ou

vascular

periférica):

Outras doencas:

Medicacéao:

Observacoes:
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Anexo 4

QUESTIONARIO ROSE MODIFICADO

E necessario que a resposta seja SIM para todos os itens de cada diagndstico

ANGINA
1. Vocé tem dor no peito quando sobe lomba/escada ou caminha rapido?
2. Se vocé ficar imovel a dor alivia?

3. Em menos de 10 minutos?

INFARTO

1. Vocé ja teve dor forte no peito por meia hora ou mais na regido anterior/frontal do

peito?
2. Vocé recebeu atendimento médico nesta situagao?

3. O que foi dito?

CLAUDICACAO

1. Vocé ja teve dor nas pernas ao caminhar?
2. Se vocé parar a dor alivia em menos de 10 minutos?

3. A dor inclui a panturrilha?

ISQUEMIA CEREBRAL

1. Vocé, alguma vez, ja ficou com o brago, a perna, ou todo o lado do corpo dormente ou

com perda da forca?

2. Vocé ja teve alteracdo subita da fala, da visdo e/ou “repuxamento” em um lado da face

(“boca torta”)?
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Anexo 5

INTERCORRENCIAS HOSPITALARES

Com Sem _
_ _ P odds ratio I.C.
Intercorréncias Intercorréncias
Alelo C
59 (56,2%) 99 (58,6%) 0,792 0,90 0,55-1,48
eNOS / T-786C
Alelo Asp
60 (76%) 110 (64,3%) 0,873 1,07 0,64 - 1,79
eNOS / Glu298Asp
Alelo T
79 (73,8%) 111 (65,3%) 0,175 1,50 0,87 - 2,55
5-HT / T102C
Alelo 5A
81 (75,7%) 123 (71,5%) 0,530 1,24 0,71 - 2,15
5A/6A
Alelo A
74 (75,5%) 114 (73,5%) 0,841 1,10 0,61 - 1,98
fvw / -1185G
Alelo Q
26 (24,3%) 40 (23,5%) 0,999 1,04 0,59 - 1,83
fVvil / R353Q
Alelo |
33 (30,8%) 52 (30,4%) 1,00 1,02 0,60 - 1,72
VIl / 1/D
Alelo A
28 (37,6%) 55 (33,3%) 0,562 1,20 0,72 - 2,02
B-fibrinogénio
Alelo A1
46 (43%) 68 (39,8%) 0,684 1,14 0,70 - 1,86
o-fibrinogénio
Alelo Q
1 (0,9%) 2 (1,1%) 1,00 0,79 0,07 - 8,88
fV Leiden
Alelo A
5 (4,6%) - 0,017 - -
G20210A
Alelo |
87 (81,3%) 130 (76,5%) 0,423 1,33 0,73 -2,44
t-PA / I/D
Alelo 4G
80 (74,8%) 115 (67,3%) 0,231 1,44 0,84 - 2,47
PAI-1 / 4G/5G

Os valores estao apresentados como namero de individuos (%6).
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Anexo 6a

Angina pés-1AM

Com Sem )
_ _ P odds ratio I.C.
Intercorréncia Intercorréncia

Alelo C

29 (61,7%) 129 (56,8%) 0,627 1,22 0,64 - 2,33
eNOS / T-786C
Alelo Asp

32 (68,1%) 148 (64,3%) 0,738 1,18 0,60 - 2,31
eNOS / Glu298Asp
Alelo T

32 (68,1%) 158 (68,7%) 1,00 0,97 0,49 - 1,90
5-HT / T102C
Alelo 5A

32 (66,7%) 172 (74,5%) 0,285 0,68 0,35 - 1,33
5A/6A
Alelo A

32 (71,1%) 156 (75%) 0,577 0,82 0,40 - 1,68
fvwW / -1185G
Alelo Q

10 (20,8%) 56 (24,5%) 0,710 0,81 0,38 - 1,73
fVll / R353Q
Alelo |

14 (29,2%) 71 (30,9%) 0,865 0,96 0,46 - 1,82
fvil / 1/D
Alelo A

20 (43,5%) 73 (33,2%) 0,234 1,54 0,81 - 2,95
B-fibrinogénio
Alelo Al

22 (45,8%) 92 (40%) 0,519 1,26 0,67 - 2,37
a-fibrinogénio
Alelo Q

- 3 (1,3%) 1,00 - -
fV Leiden
Alelo A
2 (4,1%) 3 (1,3%) 0,208 3,27 0,53 - 20,10
G20210A
Alelo |
36 (75%) 181 (79%) 0,565 0,79 0,38 - 1,64

t-PA/ I/D
Alelo 4G

33 (68,8%) 162 (70,4%) 0,863 0,92 0,47 -1,81
PAI-1 / 4G/5G

Os valores estao apresentados como namero de individuos (%).
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Anexo 6b

Re-1AM
Com Sem _
) ) P odds ratio I.C.
Intercorréncia Intercorréncia

Alelo C

6 (66,7%) 152 (57,4%) 0,738 1,48 0,36 - 6,07
eNOS / T-786C
Alelo Asp

7 (77,8%) 173 (64,6%) 0,502 1,92 0,39 - 9,43
eNOS / Glu298Asp
Alelo T

8 (88,9%) 182 (67,9%) 0,281 3,78 0,46 - 30,70
5-HT / T102C
Alelo 5A

8 (88,9%) 196 (72,6%) 0,452 3,02 0,37 - 24,50
5A/6A
Alelo A

7 (77,8%) 181 (74,2%) 1,00 1,21 0,24 - 6,01
fvwW / -1185G
Alelo Q

4 (44,4%) 62 (23,1%) 0,224 2,65 0,69 - 10,20
fVll / R353Q
Alelo |

6 (66,7%) 79 (29,4%) 0,026 4,80 1,17 - 19,70
fvil / 1/D
Alelo A

1 (12,5%) 92 (35,7%) 0,268 0,25 0,30 - 2,12
B-fibrinogénio
Alelo Al

4 (44,4%) 110 (40,9%) 1,00 1,15 0,30 - 4,40
a-fibrinogénio
Alelo Q

1 (11,1%) 2 (0,7%) 0,093 17,0 1,39 - 207,30
fV Leiden
Alelo A

- 5 (1,8%) 1,00 - -

G20210A
Alelo |

8 (88,9%) 209 (78%) 0,689 2,25 0,27 - 18,40
t-PA/ I/D
Alelo 4G

9 (100%) 186 (69,1%) 0,062 - -
PAI-1 / 4G/5G

Os valores estao apresentados como namero de individuos (%).
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Anexo 6¢

Arritmias
Com Sem )
_ _ P odds ratio I.C.
Intercorréncia Intercorréncia
Alelo C
13 (50%) 145 (58,5%) 0,413 0,71 0,31-1,59
eNOS / T-786C
Alelo Asp
19 (70,4%) 161 (64,4%) 0,672 1,31 0,55 - 3,12
eNOS / Glu298Asp
Alelo T
22 (81,5%) 168 (67,2%) 0,189 2,14 0,78 - 5,87
5-HT / T102C
Alelo 5A
23 (85,2%) 181 (71,8%) 0,173 2,25 0,75 - 6,75
5A/6A
Alelo A
18 (75%) 170 (74,2%) 1,00 1,04 0,39 - 2,70
fvw / -1185G
Alelo Q
3(11,1%) 63 (25,2%) 0,151 0,37 0,10 - 1,27
fVll / R353Q
Alelo |
3 (11,1%) 82 (32,7%) 0,026 0,25 0,07 - 0,88
Vil / 1/D
Alelo A
11 (44%) 82 (34%) 0,379 1,52 0,66 - 3,50
B-fibrinogénio
Alelo Al
10 (37%) 104 (41,4%) 0,687 0,83 0,36 - 1,88
a-fibrinogénio
Alelo Q
- 3 (1,2%) 1,00 - -
fV Leiden
Alelo A
1 (3,7%) 4 (1,6%) 0,397 2,42 0,26 - 22,40
G20210A
Alelo |
21 (77,8%) 196 (78,4%) 1,00 0,96 0,37 - 2,50
t-PA/ I/D
Alelo 4G
22 (81,5%) 173 (68,9%) 0,267 1,98 0,72 - 5,43
PAI-1 / 4G/5G

Os valores estao apresentados como namero de individuos (%).
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Insuficiéncia ventricular esquerda

Anexo 6d

Com Sem _
) ) P odds ratio I.C.
Intercorréncia Intercorréncia
Alelo C
5 (50%) 153 (58%) 0,748 1,22 0,64 - 2,33
eNOS / T-786C
Alelo Asp
3 (30%) 177 (66,3%) 0,036 0,22 0,05 - 0,86
eNOS / Glu298Asp
Alelo T
5 (50%) 185 (69,3%) 0,295 0,44 0,12 - 1,57
5-HT / T102C
Alelo 5A
8 (80%) 196 (72,9%) 1,00 1,49 0,30 - 7,18
5A/6A
Alelo A
6 (66,7%) 182 (74,6%) 0,698 0,68 0,16 - 2,80
fvwW / -1185G
Alelo Q
2 (20,%) 64 (24%) 1,00 0,10 0,16 - 3,83
fVll / R353Q
Alelo |
2 (20%) 83 (31%) 0,729 0,55 0,11 - 2,68
fvil / 1/D
Alelo A
4 (44,4%) 89 (34,6%) 0,724 1,51 0,39 - 5,76
B-fibrinogénio
Alelo Al
4 (40%) 110 (41%) 0,519 1,26 0,67 - 2,37
a-fibrinogénio
Alelo Q
- 3 (1,1%) 1,00 - -
fV Leiden
Alelo A
- 5 (1,8%) 1,00 - -
G20210A
Alelo |
10 (100%) 207 (77,5%) 0,125 - -
t-PA/ I/D
Alelo 4G
9 (90%) 186 (69,4%) 0,290 3,86 0,49 - 31,80
PAI-1 / 4G/5G

Os valores estao apresentados como namero de individuos (%).
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Intercorréncias pos-hospitalares

Anexo 7

Com Sem _
_ _ P odds ratio I.C.
Intercorréncia Intercorréncia

Alelo C

49 (58,3%) 109 (57,4%) 0,987 1,04 0,61 -1,75
eNOS / T-786C
Alelo Asp

53 (62,4%) 127 (66,1%) 0,636 0,84 0,49 - 1,44
eNOS / Glu298Asp
Alelo T

59 (68,6%) 131 (68,6%) 1,00 1,00 0,57 - 1,53
5-HT / T102C
Alelo 5A

58 (68,2%) 146 (75,3%) 0,284 0,70 0,40 - 1,23
5A/6A
Alelo A

59 (77,6%) 129 (72,9%) 0,525 1,29 0,68 - 2,43
fvw / -1185G
Alelo Q

20 (23,5%) 46 (24%) 1,00 0,97 0,53 - 1,78
fVll / R353Q
Alelo |

23 (27,1%) 62 (32,1%) 0,482 0,78 0,44 - 1,38
fvii / 1/D
Alelo A

30 (36,6%) 63 (34,2%) 0,817 1,10 0,64 - 1,90
B-fibrinogénio
Alelo Al

39 (45,9%) 75 (38,9%) 0,335 1,33 0,79 - 2,23
a-fibrinogénio
Alelo Q

- 3 (1,5%) 0,231 - -
fV Leiden
Alelo A
5 (5,7%) - 0,004 - -

G20210A
Alelo |

67 (78,8%) 150 (78,1%) 1,00 1,04 0,55 - 1,94
t-PA/ I/D
Alelo 4G

68 (80%) 127 (65,8%) 0,025 2,07 1,13 - 3,82

PAI-1 / 4G/5G

Os valores estao apresentados como namero de individuos (%).
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Anexo 8a

Angina pés-1AM

Com Sem _
) ) P odds ratio I.C.
Intercorréncia Intercorréncia

Alelo C

29 (54,7%) 129 (58,4%) 0,645 0,86 0,47 - 1,57
eNOS / T-786C
Alelo Asp

36 (67,9%) 144 (64,3%) 0,749 1,17 0,62 - 2,22
eNOS / Glu298Asp
Alelo T

38 (70,4%) 152 (68,2%) 0,870 1,10 0,58 - 2,12
5-HT / T102C
Alelo 5A

34 (64,2%) 170 (75,2%) 0,121 0,59 0,31-1,11
5A/6A
Alelo A

39 (79,6%) 149 (73%) 0,466 1,44 0,67 - 3,08
fvwW / -1185G
Alelo Q

9 (17%) 57 (25,4%) 0,214 0,59 0,27 - 1,30

fVll / R353Q
Alelo |

15 (28,3%) 70 (31,1%) 0,743 0,87 0,45 - 1,69
fvil / 1/D
Alelo A

23 (44,2%) 70 (32,7%) 0,144 1,63 0,88 - 3,02
B-fibrinogénio
Alelo A1

28 (52,8%) 86 (38,2%) 0,063 1,81 0,99 - 3,30
a-fibrinogénio
Alelo Q

- 3 (1,3%) 1,00 - -
fV Leiden
Alelo A
2 (3,6%) 3 (1,3%) 0,25 2,83 0,46 - 17,30

G20210A
Alelo |

40 (75,5%) 177 (79%) 0,581 0,81 0,40 - 1,65
t-PA/ I/D
Alelo 4G

39 (73,6%) 156 (69,3%) 0,619 1,23 0,62 - 2,41
PAI-1 / 4G/5G

Os valores estao apresentados como namero de individuos (%).
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Anexo 8b

Re-1AM
Com Sem _
_ _ P odds ratio I.C.
Intercorréncia Intercorréncia

Alelo C

7 (77,8%) 151 (57%) 0,310 2,64 0,53 - 12,90
eNOS / T-786C
Alelo Asp

8 (88,9%) 172 (64.2%) 0,168 4,46 0,55 - 36,20
eNOS / Glu298Asp
Alelo T

8 (88,9%) 182 (67,9%) 0,281 3,78 0,46 - 30,70
5-HT / T102C
Alelo 5A

6 (66,7%) 198 (73,3%) 0,706 0,72 0,17 - 2,98
5A/6A
Alelo A

5 (62,5%) 183 (74,7%) 0,427 0,56 0,13 - 2,43
fvw / -1185G
Alelo Q

3 (33,3%) 63 (23,5%) 0,449 0,62 0,39 - 6,69
V1l / R353Q
Alelo |

3 (33,3%) 82 (30,5%) 1,00 1,14 0,27 - 4,60
Vil / 1/D
Alelo A

4 (44,4%) 89 (34,6%) 0,724 1,51 0,39 - 5,76
B-fibrinogénio
Alelo A1

5 (55,6%) 109 (40,5%) 0,494 1,84 0,48 - 6,98
a-fibrinogénio
Alelo Q

- 3 (1,1%) 1,00 - -

fV Leiden
Alelo A

1 (11,1%) 4 (1,5%) 0,15 8,43 0,84 - 84,20
G20210A
Alelo |

9 (100%) 208 (77,6%) 0,213 - -
t-PA/ 1/D
Alelo 4G

9 (100%) 186 (69,1%) 0,062 - -
PAI-1 / 4G/5G

Os valores estédo apresentados como numero de individuos (%0).
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Insuficiéncia ventricular esquerda

Anexo 8c

Com Sem )
_ _ P odds ratio I.C.
Intercorréncia Intercorréncia
Alelo C
13 (65%) 145 (57,1%) 0,640 1,39 0,53 - 3,61
eNOS / T-786C
Alelo Asp
9 (45%) 171 (66,5%) 0,086 0,41 0,16 - 1,03
eNOS / Glu298Asp
Alelo T
15 (75%) 175 (68,1%) 0,623 1,40 0,49 - 3,99
5-HT / T102C
Alelo 5A
17 (85%) 187 (72,2%) 0,297 2,18 0,62 - 7,67
5A/6A
Alelo A
13 (72,2%) 175 (74,5%) 0,785 0,89 0,30 - 2,60
fvwW / -1185G
Alelo Q
6 (30%) 60 (23,3%) 0,585 1,40 0,51 - 3,82
fVll / R353Q
Alelo |
6 (30%) 79 (30,6%) 1,00 0,97 0,36 - 2,61
fvil / 1/D
Alelo A
3 (15,8%) 90 (36,4%) 0,082 0,32 0,09 - 1,15
B-fibrinogénio
Alelo Al
7 (35%) 107 (41,5%) 0,643 0,76 0,29 - 1,96
a-fibrinogénio
Alelo Q
- 3 (1,1%) 1,00 - -
fV Leiden
Alelo A
1 (5%) 4 (1,5%) 0,309 3,40 0,36 - 32,02
G20210A
Alelo |
17 (85%) 200 (77,8%) 0,581 1,61 0,45 - 5,70
t-PA/ I/D
Alelo 4G
15 (75%) 180 (69,8%) 0,801 1,30 0,45 - 3,70
PAI-1 / 4G/5G

Os valores estao apresentados como namero de individuos (%).
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Anexo 9

Presenca de mais de 2 fatores de risco

CASO CONTROLE P odds ratio 1.C
Alelo C 107 (55,7%) 26 (65%) 0,298 0,67 0.33-1.37
eNOS / T-786C
Alelo Asp 130 (67%) 16 (39%) 0,001 3,14 1,58 - 6,36
eNOS / Glu298Asp
Alelo T 130 (67,7%) 30 (71,4%) 0,716 083 | 040-1,74
5-HT / T102C
Alelo 5A 143 (73,3%) 24 (57,1%) 0,042 2,06 1,03 - 4,10
5A/6A
Alelo A 129 (72,9%) 24 (57,1%) 0,061 2,01 1,10 - 4,08
fVW / -11856G
Alelo Q 49 (25,3%) 11 (26,2%) 1,00 0,95 0,44 - 2,03
fVI1 / R353Q
Alelo | 61 (31,3%) 13 (31,7%) 1,00 098 | 045-202
I/ 1/D
Alelo A 68 (36,6%) 9 (21,4%) 0,071 2,11 0,95 - 4,68
B-fibrinogénio
Alelo Al 81 (41,5%) 15 (36,6%) 0,603 1,23 0.61 - 247
a-fibrinogénio
Alelo Q 2 (1%) - 1,00 - -
fV Leiden
Alelo A 3 (1,5%) . 1,00 - -
G20210A
Alelo | 149 (76,4%) 30 (73,2%) 0,690 118 | 055-255
t-PA / 1/D
Alelo 4G 137 (70,3%) 31 (75,6%) 0,572 0,76 | 0,35-165
PAI-1 / 4G/5G

Os valores estédo apresentados como numero de individuos (%0).
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NUMERO DE INFARTOS

Anexo 10

1 1AM + de 1 IAM P odds ratio 1.C.
Alelo C
115 (56,7%) 43 (60,6%) 0,580 1,17 0,67 - 2,03
eNOS / T-786C
Alelo Asp
139 (67,5%) 41 (57,7%) 0,151 0,65 0,37 -1,14
eNOS / Glu298Asp
Alelo T
141 (68,1%) 49 (70%) 0,882 1,09 0,60 - 1,96
5-HT / T102C
Alelo 5A
153 (73,6%) 51 (71,8%) 0,759 0,91 0,50 - 1,67
5A/6A
Alelo A
138 (72,6%) 50 (79,4%) 0,322 1,44 0,72 - 2,88
fvw / -1185G
Alelo Q
48 (23,3%) 18 (25,4%) 0,748 1,11 0,59 - 2,08
V11 / R353Q
Alelo |
62 (30%) 23 (32,4%) 0,766 1,12 0,62 - 2,00
Vi1 / 1/D
Alelo A
67 (34,2%) 26 (37,1%) 0,664 1,13 0,64 - 2,00
B-fibrinogénio
Alelo A1
85 (41,1%) 29 (40,8%) 1,00 0,99 0,57 -1,71
a-fibrinogénio
Alelo Q
3 (1,4%) - 0,575 - -
fV Leiden
Alelo A
1 (0,5%) 4 (5,6%) 0,015 12,59 1,38 - 114,6
G20210A
Alelo |
161 (78,2%) 56 (78,9%) 1,00 1,04 0,54 - 2,01
t-PA/ I/D
Alelo 4G
146 (70,5%) 49 (69%) 0,881 0,93 0,51 - 1,67
PAI-1 / 4G/5G

Os valores estédo apresentados como numero de individuos (%0).
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Anexo 11

COM E SEM ESTENOSE

Com Sem _
P odds ratio I.C.
Estenose Estenose

Alelo C 144 (58,1%) 14 (53,8%) 0,680 118 | 0.52-2,67
eNOS / T-786C
Alelo Asp 167 (55,6%) 13 (50%) 0,120 1,98 0,88 - 4,47
eNOS / Glu298Asp
Alelo T 172 (68,3%) 18 (72%) 0,820 0,83 0,33 - 2,08
5-HT / T102C
Alelo 5A 186 (73,5%) 18 (69,2%6) 0,640 123 | 051-2,97
5A/6A
Alelo A 169 (73,8%) 19 (79,2%) 0,800 074 | 026-207
fvw / -1185G
Alelo Q 63 (25,1%) 3 (11,5%) 0,150 2,59 0,74 - 8,84
VIl / R353Q
VIl / 1/D
Alelo A 83 (34,6%) 10 (38,5%) 0,670 0,84 0,36 - 1,94
B-fibrinogénio
Alelo Al 101 (40,1%) 13 (50%) 0,400 0,66 0,29 - 1,50
a-fibrinogénio
Alelo Q 2 (0,8%) 1 (3,8%) 0,250 0,19 0,01 - 2,27
fV Leiden
Alelo A 5 (1,9%) . 1,00 - -
G20210A
Alelo 1

197 (78,5%) 20 (76,9%) 0,800 1,09 0,41 - 2,89
t-PA / 1/D
Alelo 4G 177 (70,2%) 18 (69,2%) 1,00 1,04 0.43 - 2,51
PAI-1 / 4G/5G

Os valores estao apresentados como namero de individuos (%).
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Anexo 12

> 3 ESTENOSES E 1 OU 2 ESTENOSES

>3 lou?2 .
P odds ratio 1.C

Estenoses Estenoses
Alelo C 25 (56,8%) 133 (57,8%) 1,00 0,96 050 - 1,84
eNOS / T-786C
Alelo Asp

26 (57,8%) 154 (66,4%) 0,300 0,69 0,36 - 1,32
eNOS / Glu298Asp
Alelo T 36 (82%) 154 (63,0%) 0,050 2,02 0,92 - 4,41
5-HT / T102C
Alelo 5A 31 (68,9%) 173 (73,9%) 0,460 0,78 0,29 - 1,56
5A/6A
Alelo A 33 (80,5%) 155 (73,1%) 0,430 1,51 0.66 - 3,47
fvW / -1185G
Alelo Q 10 (22,2%) 56 (24,1%) 0,850 0,89 0,41 -1,92
VIl / R353Q
Alelo | 10 (22,5%) 75 (32,2%) 0,210 0,60 0,28 - 1,28
Vil / 1/D
B-fibrinogénio
Alelo Al 22 (48,9%) 92 (39,5%) 0,250 1,46 0,77 - 2,78
a-fibrinogénio
Alelo Q ; 3 (1,3%) 1,00 - -
fV Leiden
Alelo A 1(2,1%) 4 (1,7%) 1,00 1,26 0,13 - 11,54
G20210A
Alelo |

37 (82,2%) 180 (77,6%) 0,550 1,33 0,58 - 3,04
t-PA/ I/D
Alelo 4G 28 (62,2%) 167 (71,1%) 0,210 065 | 033-126
PAI-1 / 4G/5G

Os valores estao apresentados como namero de individuos (%).
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