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RESUMO

Introdugdo: Existem vérios estudos que
comparam doentes corondrios e controlos, no
sentido de determinar quais os polimorfismos

que apresentam risco acrescido de doenca das
artérias corondrias (DC). Os seus resultados
tém sido muitas vezes contraditérios, mas
apresentam uma limita¢do suplementar:
avaliam os polimorfismos um a um, quando

na natureza os polimorfismos nfo existem
isolados. Pde-se a questdo se serfio mais
importantes associagdes de polimorfismos
mutados no mesmo gene ou em genes
diferentes.

Objectivo: Com o presente trabalho
pretendemos avaliar o risco da associagio de
polimorfismos em termos de aparecimento de
DC no mesmo gene ou em genes diferentes.
Metodologia: Estuddamos em 298 doentes
corondrios e 298 controlos sdos o risco
associado aos polimorfismos (genétipos
considerados de risco), DD da Enzima de
Converado da Angiotensina (ECA) 1/D; GG da
ECA 8, MM do Angiotensinogénio (AGT) 174
TT do AGT 235; TT da Metiltetrahidrofolato
Reductase (MTHFR) 677; AA da MTHFR
1298;RR da Paraoxonasel (PON1) 192 e MM
da PONT 55. Posteriormente avalidmos o risco
ligado as associa¢des no mesmo gene (DD da
ECA + GG da ECA 8; MM do AGT174 + TT
do AGT 235; TT da MTHFR 677 + AA da
MTHFR 1298). Finalmente, nos polimorfismos
que isoladamente apresentavam significancia,
avalidmos o risco das associacdes de
polimorfismos a niveis funcionais diferentes

ABSTRACT

Gene-Gene Interaction Affects Coronary
Artery Disease Risk

Introduction: Various studies have compared
coronary artery disease (CAD) patients

with controls in order to determine which
polymorphisms are associated with a higher
risk of disease. The results have often been
contradictory. Moreover, these studies
evaluated polymorphisms in isolation and not
in association, which is the way they occur in
nature.

Objective: Our purpose was to evaluate the
risk of CAD in patients with associated
polymorphisms in the same gene or in different
genes.

Methods: We evaluated the risk associated
with ACE DD, ACE 8 GG, AGT 174MM, AGT
235TT, MTHFR 677TT, MTHFR 1298AA,
PONI 192RR and PON1 55MM in 298

CAD patients and 298 healthy individuals.
We then evaluated the risk of associated
polymorphisms in the same gene (ACE DD

+ ACE 8 GG; AGT 174MM + AGT 235TT;
MTHFR 677TT + MTHFR 1298AA).
Finally, for the isolated polymorphisms
which were significant, we evaluated the risk
of polymorphism associations at different
functional levels (ACE + AGT; ACE +
MTHFR; ACE + PON1). Multiple logistic
regression was used to identify independent
risk factors for CAD.

Results: Isolated polymorphisms including
ACE DD (p<0.0001), ACE 8 GG (p=0.023),
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(ECA + AGT; ECA + MTHFR; ECA + PONI.
Finalmente através de um modelo de regressio
logistica fomos determinar quais as varidveis
que se relacionavam de forma significativa e
independente com a DC.

Resultados: Os polimorfismos isolados como:
ECA DD [P<0.0001], ECA 8 GG [P=0,023],
e MTHFR 1298 AA [P=0,049]), apresentaram
uma frequéncia mais elevada nos casos,
associando-se de forma significativa ao grupo
com DC. A associagdo de polimorfismos no
mesmo gene ndo teve efeito sinergistico ou
aditivo e ndo aumentou o risco de DC. A
associagfo polimérfica em genes diferentes
aumentou o risco de DC quando comparada
com o risco do polimorfismo isolado. No caso
da associacdo da ECA DD ou ECA 8 GG

com a PON1 192 RR, o risco quadruplicou
(OR passou de 1,8 para 4,2). Apés regressio
logistica o hdbito tabégico, a histéria familiar,
o fibrinogénio, diabetes, a associagdo ECA
DD ou ECA 8 GG com a MTHFR 1298 AA

e a interaccdo ECA DD ou ECA 8 GG com

a PONI1 192 RR permaneceram na equacéo,
mostrando ser factores de risco independente
para DC.

Conclusdes: A associag¢do de polimorfismos
mutados no mesmo gene nunca aumentou o
risco do polimorfismo isolado. A associagéo
com interac¢do de polimorfismos mutados

em genes diferentes, pertencentes a sistemas
fisiopatoldgicos e enzimdticos diferentes,
esteve sempre associada a maior risco do

que cada polimorfismo por si. Este trabalho
levanta, pela primeira vez, a possibilidade

de tentativa de compreenséo do risco
genético corondrio em conjunto e ndo de cada
polimorfismo por si.

Palavras-Chave
Enzima conversora da angiotensina; Polimorfismo genético;

Factores de risco; Interac¢do gene-gene; Doenga corondria.

INTRODUCAO

Doenca Corondria (DC) é uma afeccio
complexa e multifactorial, na qual factores

genéticos, ambientais e demogrificos se

and MTHFR 1298AA (p=0.049) presented
with a significantly higher frequency in the
CAD group. An association of polymorphisms
in the same gene did not have an additive

or synergistic effect, nor did it increase the
risk of CAD. Polymorphic associations in
different genes increased the risk of CAD,
compared with the isolated polymorphisms.
The association of ACE DD or ACE 8 GG
with PON1 192RR increased the risk of CAD
fourfold (1.8 to 4.2). After logistic regression
analysis, current smoking, family history,
fibrinogen, diabetes, and the ACE DD or
ACE 8 GG + MTHFR 1298AA and ACE DD
or ACE 8 GG + PONI1 192RR associations
remained in the model and proved to be
independent predictors of CAD.

Conclusions: The association of
polymorphisms in the same gene did not
increase the risk of the isolated polymorphism.
The association of polymorphisms in genes
belonging to different enzyme systems was
always linked to increased risk compared to
the isolated polymorphisms.

This study may contribute to a better
understanding of overall genetic risk for
CAD rather than that associated with each
polymorphism in isolation.

Key words
Angiotensin-converting enzyme; Genetic polymorphism;
Risk factors; Gene-gene interaction; Coronary artery

disease.

INTRODUCTION

Coronary artery disease (CAD) is a complex
and multifactorial disease, the prevalence of
which is determined by the association of genetic,




associam contribuindo para a sua prevaléncia.
A tendéncia familiar, ou importancia da histéria
familiar de doenca corondria, particularmente
se precoce, aceite por todos, tem esbarrado com
miiltiplas dificuldades para a sua descodifica-
¢do. Por um lado, hdbitos e comportamentos
agregam-se nas familias e a tendéncia familiar
explicar-se-4 pela agregacdo
dos factores de risco comportamentais ou com
influéncia comportamental dominante, como
obesidade, tabagismo, hipertenséo, dislipidemia
e diabetes. Por outro, a tendéncia familiar est4
longe de seguir as leis de Mendel, néo se tendo
encontrado alteragdes genéticas major com
grande prevaléncia na populagdo, que a possam
explicar

Os dados acumulados na literatura e
resultantes da investigacdo cientifica dos tltimos
anos sobre a fisiopatologia e genética destas
doencgas complexas, levam-nos a concluir ser
pouco provdvel a existéncia de um gene major,
tinico responsével pelo contributo genético nesta
afeccao.V

Surgiu assim a no¢do que algumas variantes
genéticas ou polimorfismos de enzimas podem
ser menos eficientes na sua fungdo protectora

parcialmente

ou anormalmente eficientes em termos de
agressfo vascular podendo, assim, aumentar
o risco de doenca das artérias corondrias per
si, ou por tornarem particularmente agressiva
a acciio de outro ou outros factores de risco
comportamentais.

Acreditamos que a falta de reprodutibilidade
e inconsisténcia de muitos destes estudos se deve
a que a genética subjacente a estas complexas
doencas multifactoriais, ndo se baseia num
tnico gene com efeito major, mas na interaccdo
de miltiplos genes com efeitos médios ou
moderados.®’ Pode acontecer que dois ou mais
polimorfismos em genes candidatos manifestem
apenas um pequeno contributo no fundo genético
de determinada doenca multifactorial, mas este
pode tornar-se aditivo ou multiplicativo se houver
determinadas combinactes das suas variantes
alélicas.”

A predisposi¢do genética para a doenga
cardiovascular parece ser o final resultante dos
efeitos cumulativos de vdrios polimorfismos
genéticos e combinagdes alélicas, que podem
conferir
aumentado se presentes isoladamente, como
tinico factor de risco genético,” mas o risco gené-

apenas um risco moderadamente
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environmental and demographic factors. The
influence of a family history of CAD, particularly
of early onset, while universally recognized as
important, has proved difficult to clarify fully.
Habits and behaviors tend to persist in families,
and familial aspects of the disease are partially
explained by associations of behavioral risk
factors and others in which behavior is impor-
tant, including obesity, smoking, hypertension,
dyslipidemia and diabetes. Furthermore, familial
aspects of the disease do not follow simple
Mendelian laws; no common major genetic
alterations have been found that can explain it,
and the scientific evidence accumulated over
recent years on the pathophysiology and genetics
of this complex disease indicates that there is
unlikely to be a single gene that is responsible
for its genetic component'V.

There thus arose the idea that some genetic
variants (polymorphisms) of genes coding for
enzymes may reduce their protective effect, or
be more likely in themselves to cause vascular
damage, thereby increasing risk for CAD or
exacerbating the effects of behavioral risk
factors.

We believe that the lack of reproducibility
and consistency that has marked many previous
studies is due to the fact that the genetic element
of this complex and multifactorial disease is
not based on a single gene with a major effect
but rather on the interaction between multiple
genes with less marked effects®. Two or
more polymorphisms in candidate genes may
individually only make a small contribution to the
genetic background of any given multifactorial
disease, but this may become additive, or even
multiplicative, with particular combinations of
alleles®.

Genetic predisposition for cardiovascular
disease appears to be the result of the cumulative
effects of various genetic polymorphisms and
allele combinations, which in isolation would
only confer moderately elevated risk™, but the
risk can be increased by various gene-gene and
gene-environment interactions®?.

Given the formidable complexity of gene-gene
interactions, few investigators have ventured into
this area.

The interaction between two genes belonging
to the same physiological system (the renin-
angiotensin system, RAS) was studied by Tiret
et al., who identified a significant synergistic
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tico pode ser ampliado e modulado através de
vérias interacgdes gene-gene e gene ambiente.®?)

Em virtude das dificuldades inerentes a
andlise de tais dados, poucos investigadores se
tém atrevido a estudar a interac¢fio gene-gene.

A Interacgdo entre dois genes pertencentes
ao mesmo sistema fisiopatolégico (SRA) foi
investigada por Tiret, que identificou uma
interac¢do significativa e sinérgica entre o
polimorfismo da enzima de conversdo da
angiotensina (ECA) 1/D e do Receptor 1 da
angiotensina Il (AT1R) A/C, num estudo cohort
englobando 613 doentes com enfarte do miocérdio
(EM), comparados com 723 controlos.

O odds ratio (OR) para eclosdo de EM era 1,52
para o genétipo DD em homozigotia associado ao
gendétipo AC do AT1R e 3,95 para o genétipo DD
associado ao genétipo (CC).®) Num subgrupo de
doentes deste estudo, definidos como de baixo
risco pelos critérios tradicionais, o sinergismo
entre estes dois polimorfismos foi ainda mais
marcado, subindo o OR para 7 nos doentes com o
gendtipos DD associado ao ATIR AC e para 13,3
nos DD associados ao AT1R CC. Esta associacéo
sinérgica entre dois genes diferentes, mas
pertencentes ao mesmo sistema fisiopatolégico
(SRA), foi confirmada em outros estudos.®

Outras interac¢des entre genes pertencentes a
sistemas fisiopatolégicos e enziméticos diferentes
tém sido investigadas nos tdltimos anos, podendo
envolver a diferencia¢do dos adipécitos, o
metabolismo lipidico e a homeostase da glucose,
que interferem na regulagdo da aterosclerose e
da doenca corondria.!'”

Um destes estudos publicado por Peng et al em
2003"Y no International Journal of Cardiology,
sugere que o alelo E* da isoforma mutante da APO
E em associa¢io com o polimorfismo do receptor
activado pelo proliferador do peroxissoma gama
(PPARy 161 C/T, genétipo CT), diminui o risco
de DC. Existem trés variantes de Apo E: 2, 3
e 4 sendo a Apo E 3 a mais comum e a Apo E
4 com uma Arginina na posi¢do 112 e 152, ao
aumentar o ritmo de absor¢do dos esteréis pelo
intestino, a producgdo de esterois hepéticos e a
expressdo de receptores LDL, associa-se a niveis
elevados de colesterol LDL e é um factor de risco
independente para doenga corondria e doenga de
Alzheimer.1%!?

Esta associagdo com o polimorfismo do
PPARy 161 C/T, genétipo CT, diminui o risco de
DC. Ha pois um efeito na interac¢do da Apok 4

interaction between the I/D polymorphism of
the angiotensin-converting enzyme (ACE) gene
and the A/C polymorphism of the angiotensin-I1
type 1 receptor (AT1R) gene in a cohort study
of 613 patients with myocardial infarction (MI)
compared with 723 controls. The odds ratio
(OR) for occurrence of MI was 1.52 for the
homozygous DD genotype associated with the
AC genotype of ATIR, and 3.95 for the DD and
CC association®. In a subgroup at low risk by
conventional criteria, the synergy between these
polymorphisms was even stronger, with the OR
rising to 7 for ACE DD + AT1R AC and to 13.3
for ACE DD + AT1R CC. This synergy between
polymorphisms of different genes of the RAS has
been confirmed in other studies.

Interactions between genes belonging to
different physiological and enzyme systems have
been investigated in recent years, involving
adipocyte differentiation, lipid metabolism and
glucose homeostasis, all of which affect the
development of atherosclerosis and CAD"9,

One of these studies, published by Peng et al.
in 2003"Y, suggests that the association of the E4
allele of the apolipoprotein E (apo E) gene and
the CT genotype of the C161T polymorphism of
the peroxisome proliferator-activated receptor-
gamma (PPARY) gene reduces CAD risk. There
are three variants of apo E — E2, E3 and E4 — of
which E3 is the most common. E4, with arginine
in position 112 and 152, increases steroid
absorption in the intestine, production of hepatic
steroids and expression of LDL receptors,
and hence is associated with increased LDL
cholesterol levels and is an independent risk
factor for CAD and Alzheimer’s disease (12,
13). The interaction between the PPARy 161CT
polymorphism and apo E4 reduced serum
cholesterol and had a protective effect against
CAD.

The concept of gene-gene interaction can
thus be extended to the existence of protective
and/or suppressive genetic variants, which when
identified could make an important contribution
to preventing development of CAD or improving
its clinical course.

Another aspect of gene-gene
interaction is whether associations of poly-
morphisms in different loci of the same gene
are more important than associations in genes
belonging to different physiological and enzyme
systems.

relevant




e do PPAR y CT, que reduz o colesterol sérico
e reduz a incidéncia de doenca corondria. Neste
estudo o risco de DC parece ter sido modulado
no sentido da sua redugdo, pela presenca de um
polimorfismo que, em associacdo, foi protector.

O conceito de interaccdio gene-gene pode
assim estender-se a identificacdo de variantes
genéticas protectoras /supressoras, no nosso
genoma, sendo a sua identificagdo importante e
necesséria, na medida em que a sua existéncia
pode prevenir a manifestacio da doenga ou
melhorar a sua fisiopatologia.

Outroproblemapertinentedentrodainterac¢do
gene-gene, é o facto de se poder demonstrar
se serfio mais importantes as associac¢des de
polimorfismos genéticos sediados em diferentes
loci no mesmo gene ou as associagdes de
polimorfismos em genes distintos, integrados em
sistemas com fungdes fisiopatolégicas diferentes
e com sistemas enzimaticos préprios.

OBJECTIVO

Com o presente trabalho, pretendemos
avaliar o risco, em termos de aparecimento de
DC, resultante da associa¢do de alguns polimor-
fismos, no mesmo gene ou em genes diferentes,
pertencentes a sistemas fisiopatologicos comuns
(SRA) ou pertencentes a sistemas fisiopatol6gicos
e enzimdticos diferentes, com influéncias e
finalidades distintas

MATERIAL E METODOS

Estudo caso-controlo, incluindo um total
de 596 individuos, com idade média 55,5+9,3
anos sendo 78,9% do sexo masculino. Os
casos (n=298) com idade média 55,0+10,3
anos; sendo 78,0% do sexo masculino, foram
seleccionados de forma consecutiva de entre
os doentes com internamento por EM ou DC,
confirmada por corondriografia com pelo menos
75% de obstrugdo de um dos vasos corondrios,
ap6s alta hospitalar. Os controlos (n=298); idade
média 55,5£8,0 anos; 73,5% do sexo mascu-
lino, foram seleccionados aleatoriamente dos
cadernos eleitorais, de entre os individuos sem
antecedentes ou histéria sugestiva de doenga
corondria. A selec¢do dos controlos a partir dos
cadernos eleitorais pretendeu que estes ndo

M.I. Mendonga et al.
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OBJECTIVE

Our purpose was to evaluate the risk of CAD
in patients with associated polymorphisms in
the same gene, or in different genes belonging
to the same physiological system (the RAS) or to
different physiological and enzyme systems.

METHODS

This was a case-control study with a total
of 596 subjects, mean age 55.5%9.3 years,
78.9% male. The cases (n=298), mean age
55.0£10.3 years and 78.0% male, were selected
consecutively following hospital discharge from
patients admitted with myocardial infarction or
coronary artery disease confirmed by coronary
angiography that showed at least 75% obstruction
of at least one coronary artery. The controls
(n=298), mean age 55.5+8.0 years and 73.5%
male, were selected randomly from the electoral
register from individuals with no history or
suggestion of CAD. The selection of the controls
from the electoral register was intended to ensure
that they did not differ significantly from the
cases in terms of gender and age.

In the control group, the presence of
cardiovascular disease was an exclusion criterion,
and so all underwent physical examination and,
if necessary, complementary exams (treadmill
exercise testing).

All subjects completed a questionnaire giving
demographic and other data including age, place
of birth and residence, family history of CAD,
personal history of hypertension or diabetes,
smoking habits, alcohol intake, and quantity and
type of physical exercise. Their weight, height,
waist and hip circumference, heart rate, blood
pressure and carotid-femoral pulse wave velocity
(PWYV) were measured.

Subjects were considered to have a family
history of CAD if it had been diagnosed in their
father or a brother before the age of 50 or mother
or a sister before the age of 60.

Subjects were classified as having hyper-
tension if they reported the fact, were taking
antihypertensive medication or had systolic BP of
2140 mmHg and/or diastolic BP of 290 mmHg,
based on the mean of three measurements"".

They were classified as having diabetes if
they were taking oral antidiabetics or insulin or
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fossem significativamente diferentes dos casos,
em termos de sexo e idade.

No grupo de controlo, a presenga de doenga
cardiovascular era critério de exclusdo do
estudo, pelo que eram todos submetidos a um
exame clinico e quando necessdrio a exames
complementares (prova de esfor¢o em tapete
rolante).

Todos os individuos completavam um ques-
tiondrio que inclufa dados demograficos e
clinicos: idade, local de nascimento e residéncia,
antecedentes de histéria familiar de DC, exis-
téncia prévia de hipertensdo arterial, diabetes
mellitus, hébito de fumar, ingestdo de dlcool,
tipo de actividade fisica e procedia-se também
ao registo do peso, altura, perimetro da cintura e
anca. A todos era efectuada a determinagdo da
frequéncia cardiaca (FC), tensdo arterial (TA) e
velocidade da onda de pulso carotideo fenoral
(VOP).

Era considerado que o individuo tinha
antecedentes de doenga corondria familiar se
este evento surgisse no pai ou irméos com menos
de 50 anos ou na mée ou irmd@s com menos de 60
anos de idade.

Os doentes eram classificados como tendo
Hipertensdo Arterial (HTA) se referiam este
antecedente, cumpriam medica¢do antihiper-
tensora ou apresentavam uma tensfo arterial
sistélica 2140 mmHg e uma pressdo diastélica
>90 mm Hg, na média de trés medigdes.

A diabetes era considerada caso fossem
utilizados antidiabéticos orais, ou insulina ou
o valor da glicémia basal fosse superior a 7,0
mmol/l ou 126 mg/dl."”

O Indice de Massa Corporal (IMC) foi
calculado pela férmula peso/altura?, sendo a
obesidade definida como um indice de massa
corporal superior a 30 Kg/m2.('9

O individuo foi considerado
fumava ou tinha menos de 5 anos de abstencéio
tabdgica.

A dislipidémia foi definida pela existéncia
de um valor de colesterol total >5,2 mmol/l ou
200 mg/dl, colesterol LDL> 3,4 mmol/l ou 130
mg/dl,%? ou se o individuo fazia medicacdo anti
dislipidémica.

A determinagdo da VOP era efectuada com
um aparelho automético COMPLIOR (COLSON),

o qual permitia o registo da onda de pulso on line

fumador se

e o calculo automiético da sua velocidade através
de dois transdutores, um posicionado na base

if their fasting plasma glucose was higher than
7.0 mmol/l or 126 mg/d1">.

Body mass index (BMI) was calculated as
weight in kilograms divided by height in meters
squared, with obesity defined as a BMI of
>301°.

Subjects were considered to be smokers if
they smoked or had ceased less than five years
previously.

Dyslipidemia was defined as total fasting
cholesterol of >5.2 mmol/l or 200 mg/dl, or LDL
cholesterol of >3.4 mmol/l or 130 mg/dI"?, as
well as being considered present in individuals
taking lipid-lowering medication.

PWV was determined using a Complior
automatic device (Colson) which records the
pulse wave on-line and calculates its velocity by
means of two probes, one positioned at the base
of the neck at the site of the common carotid
artery and the other over the femoral artery, as
described elsewhere!".

Blood samples were collected from cases and
controls for biochemical and genetic analysis.
The study protocol was approved by the hospital’s
Ethics Committee and all participants gave their
informed consent.

In all subjects (cases and controls) we
evaluated the isolated polymorphisms, and to
study associations between polymorphisms we
used the genotype considered to be a risk factor
for CAD in previous studies in the literature:
ACE I/D (DD genotype), ACE 8 G2350A
(GG genotype), angiotensin (AGT) TI174M
(MM genotype), AGT M235T (TT genotype),
methylenetetrahydrofolate reductase (MTHFR)
Co677T (TT genotype), MTHFR A1298C (AA
genotype), paraoxonase 1 (PONI) Q192R (RR
genotype), and PON L55M (MM genotype).

We then evaluated the risk of associated
polymorphisms in the same gene (ACE DD +
ACE8GG; AGT 174MM + AGT 235TT; MTHFR
677TT + MTHFR 1298AA; PON1 55MM +
PON1 192RR).

Finally, for the isolated polymorphisms
which were significant, we evaluated the risk
of polymorphism associations at different
functional levels (ACE + AGT; ACE + MTHFR;
ACE + PON1).

Genetic analysis
Genomic DNA was extracted from 80 ml
of peripheral blood using a standard phenol-




do pescoco no local da artéria carétida comum
e outro sobre a artéria femoral, como foi descrito
previamente.'?9

Casos e controlos colheram sangue para
determinacgdes bioquimicas e genéticas e todos
0s participantes deram o seu consentimento
informado, tendo o protocolo do estudo tido a
aprovacdio prévia da Comissdo de Etica do nosso
Hospital.

Estudamos em todos (doentes e controlos)
os polimorfismos isolados e para os estudos de
associacdo utiliza o genétipo considerado “factor
de risco” para doenga corondria em estudos
anteriores da literatura: ECA /D (genétipo DD),
ECA 8 G2350A (gendtipo GG), AGT T174M
(genétipo MM), AGT M235T (Genétipo TT)
Metilenotetrahidrofolato Reductase (MTHFR)
Co77T (Genétipo TT), MTHFR A1298C (genétipo
AA), Paraoxonase (PON) 192 Q/R (genétipo RR);
PON 551L/M (genétipo MM).

Posteriormente avalidmos o risco ligado as
associa¢des no mesmo gene (DD da ECA I/D +
GG da ECA 8; AGT 174 MM + AGT 235 TT;
MTHFR 677 TT + MTHFR 1298AA); PON
55MM+ PON192 RR.

Finalmente nos polimorfismos que isolada-
mente apresentavam significAncia, avalidmos o
risco das associa¢des de polimorfismos a niveis
funcionais diferentes (ECA + AGT; ECA +
MTHFR; ECA +PON; ECA + PLA2).

Analises Genéticas

O DNA genémico foi extraido a partir de
80 ml de sangue periférico usando um método
standard fenol-cloroférmio com precipitagéo por
accdo do etanol.

Todos os polimorfismos estudados foram
genotipados pela reac¢do de polimeriza¢do em
cadeia (PCR) num termociclador Hybaid.

ECA /D

Para estudo do polimorfismo de 287 pb 1/D
no intrdo 16 do gene da ECA foram utilizados os
seguintesprimers:forward 5—-GCCCTGCAGGTG
TCT GCA GCA TGT-3’ e reverso 5-GGA TGG
CTCTCC CCG CCT TGT CTC-3". cerca de 100
ng de DNA de cada individuo foram submetidas
a 40 ciclos de 1 min a 94°C, 1 minutos a 62°C e
1 minutos a 72°C. Os produtos de amplificagéo,
597 pb no caso do alelo I (inser¢do) e 319 pb
no caso do alelo D (deleccdo) foram identificados
por electroforese em gel de poliacrilamida T9C5.

M.I. Mendonga et al.
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chloroform method and ethanol precipitation.
All the polymorphisms under study were
genotyped by the polymerase chain reaction

(PCR) in a Hybaid thermocycler.

ACE I/D

To study the 287-bp I/D polymorphism in
intron 16 of the ACE gene, the following primers
were used: forward 5’-GCC CTG CAG GTG TCT
GCA GCA TGT-3" and reverse 5-GGA TGG
CTCTCC CCG CCT TGT CTC-3’. Around 100
ng of DNA from each individual was subjected
to 40 cycles of 1 min at 94 °C, 1 min at 62 °C and
1 min at 72 °C. The amplification products, 597
bp in the case of the I (insertion) allele and
319 bp in the case of the D (deletion) allele,
were identified by T9C5 polyacrylamide
gel electrophoresis. Due to the preferential
amplification of the D allele, all the samples
presenting the DD genotype were re-amplified
using primers specific for insertion: forward 5’-
TGG GAC CAC AGC GCC CGC CAC TAC-3
and reverse 5°-TCG CCA GCC CTC CCA TGC
CCA TAA-3"(Fig. I).

ACE 8 A/G

The A/G polymorphism of the angiotensin-
converting enzyme (ACE) gene (ACE 8), located
in exon 17, has been linked to high levels
of circulating ACE. The polymorphism was
genotyped by PCR followed by digestion using the
restriction enzyme BstUI (New England Biolabs),
which required an artificial restriction site to be
introduced by primer mismatch: forward 5°-CTG
ACG AAT GTG ATG GCC GC-3’ and reverse 5'-
TTG ATG AGT TCC ACG TAT TTC G-3". The
reaction conditions were 40 cycles of 1 min at 92
°C, 1 min at 52 °C and 30 sec at 72 °C. A 126-
bp fragment was indicative of the A allele and
two fragments of 21 and 105 bp indicated the
presence of the G allele® (Fig. I).

AGT

The T174M polymorphism of the AGT gene
was studied by amplification using the following
primers: forward 5-TGG CAC CCT GGC CTC
TCT CTA TCT-3’ and reverse 5-CAG CCT
GCA TGA ACC TGT CAA TCT-3’. The reaction
conditions were 38 cycles of 15 sec at 95 °C, 45
sec at 64°C and 45 sec at 72 °C. The PCR products
were digested using the restriction enzyme Ncol

(New England Biolabs) for 6 hours and the
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Devido a preferencial amplifica¢do do alelo D,
todas as amostras que apresentavam o genétipo
DD foram re-amplificadas com primers especificos
para a inser¢do: forward 5-TGG GAC CAC AGC
GCC CGC CAC TAC -3 e reverse 5-TCG CCA
GCC CTC CCA TGC CCA TAA-3.19 (Fig. 1)

ECA 8 A/G

Localizada no exdo 17, pode estar associada a
niveiselevadosde ECA circulante. O polimorfismo
A/G do gene da ECA (ECA 8), foi tipado por
amplificagdo por PCR, seguida de restrigdo com
a enzima BstUl (New England Biolabs), sendo
que para tal foi necessério introduzir um sitio de
restrigdo artificial por primer mismaich: forward
5-CTG ACG AAT GTG ATG GCC GC-3" e
reverso 5’-TTG ATG AGT TCC ACG TAT TTC
G-.3" As condicdes de amplifica¢do foram de 40
ciclos de 1 minuto a 92° C, 1 min a 52° C e 30 seg
a 72° C. Um fragmento de 126 pb era indicativo
da pesenga do alelo A e dois fragmentos de 21 e
105 pb indicavam a presenca do alelo G.* (Fig.
1)

Polimorfismo do Angiotensinogénio (AGT)

A mutacdo T174M do gene AGT foi de-
terminada por amplificacdo com os primers:
Jorward 5-TGG CAC CCT GGC CTC TCT CTA
TCT-3" e 5 reverso —-CAG CCT GCA TGA ACC
TGT CAATCT-3". As condicdes de reacgio foram
38 ciclos de 15 segundos a 95°C, 45 segundos
a 64°C e 45 segundos a 72°C. Os produtos de
PCR foram digeridos com a enzima de restri¢éo
Ncol (New England Biolabs) durante 6 horas e
os produtos de restrigdo visualizados em gel
de poliacrilamida T9C5. O alelo T, resultante
da presenca do nucleétido C, apresentava
um fragmento de 353 pb e o alelo mutado M
(nucleétido T) apresentava dois fragmentos, 201
e 152 pb. (Fig.1)

A mutagdo M235T no exdo 2 que causa
uma substitui¢do da metionina por treonina no
codao 235 gene do AGT, foi determinada por
amplificacio com os primers: forward 5 — CAG
GGT GCT GTC CAC ACT GGA CCC C-¥
e reverso 5-CCG TTT GTG CAG GCC CTG
GCT CTC T-3’. As condigdes de reacgdo foram
10 ciclos compreendendo 1 minutos a 94°C, 1
minutos a 68°C e 1 minutos a 72°C, seguidos
de 30 ciclos de 30 segundos 90°C, 1 minutos
a 68°C e 30 segundos a 72°C. Os produtos de

PCR foram digeridos com a enzima de restri¢éo

restriction products were visualized on T9C5
polyacrylamide gel. The T allele, indicating the
presence of the C nucleotide, was demonstrated
by a 353-bp fragment and the mutated M allele
(T nucleotide) by two fragments of 201 and 152
bp (Fig. I).

The M235T mutation in exon 2, which
replaces methionine with threonine in codon 235
of the AGT gene, was analyzed by amplification
with forward primer 5-CAG GGT GCT GTC
CAC ACT GGA CCC C-3’ and reverse primer
5-CCG TTIT GTG CAG GCC CTG GCT CTC
T-3’. The reaction conditions were 10 cycles of 1
min at 94 °C, 1 min at 68 °C and 1 min at 72 °C,
followed by 30 cycles of 30 sec at 90 °C, 1 min
at 68 °C and 30 sec at 72 °C. The PCR products
were digested using the restriction enzyme
Tth1111 (New England Biolabs) for 6 hours and
the restriction products were visualized on T9C5
polyacrylamide gel. The M allele was indicated
by a 165-bp fragment and the mutated T allele
by two fragments of 141 and 24 bp®Y (Fig. I).

AT1R A1166C

The A/C transversion in base 1166 in the
3’ untranslated region of the AT1R gene was
identified using the following primers: forward
5’-GCA CCATGT TTT GAG GTT-3’ and reverse
5’-CGA CTA CTG CTT AGC ATA-3’. Reaction
conditions were 30 cycles of 1 min at 95 °C, 1 min
at 55°C and 1 min at 72 °C and the PCR products
were digested using the restriction enzyme Ddel
(New England Biolabs). An undigested 546-bp
fragment was indicative of the A allele and two
fragments of 435 and 111 bp indicated the C
allele (Fig. 1).
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Figura 1. Polimorfismos dos genes do SRA estudados

Figure 1. Polymorphisms of the RAS genes studied




Tth1111 (New England Biolabs) durante 6 horas
e os produtos de restricdo visualizados em gel
de poliacrilamida T9C5. O alelo M apresentava
um fragmento de 165 pb e o alelo mutado T
apresentava dois fragmentos, 141 e 24 pb.2Y

(Fig.1)

Polimorfismo do AT1IR A1166C

A transversdo A/C na base 1166 na regifio3”
ndo traduzida do gene do ATI1R foi identificada
utilizando primers: forward 5 — GCA CCA TGT
TTT GAG GTT-3’ e reverso 5> — CGA CTA
CTG CTT AGC ATA-3’ com as condi¢cdes de
amplifica¢do: 30 ciclos com 1 minutos a 95°C, 1
minutos a 55°C e 1 minutos a 72°C. Os produtos
PCR foram digeridos com a enzima de restri¢do
Ddel (New England Biolabs). Um fragmento néo
digerido de 546 pb indicava a presenca do alelo
A e dois fragmentos de 435 e 111 pb a presenga
do alelo C.%? (Fig 1)

Metiltetrahidrofolato Reductase (MTHFR)

Para ambos os marcadores MTHFR, o DNA
genémico foi submetido a PCR numa reacgao
de 25 ml contendo aproximadamente 25 ng de
DNA, 0.25 mM de cada primer, 0.3 mM de cada
dNTP, 0.2 U de Tag DNA — polimerase (FirePol4),
tampdo 0.25x e 2.5 mM de MgCl2, usando um
termocilador OmniGene TR3 SM2 da Hybaid.
Os primers utilizados para o marcador MTHFR
CO77T foram os seguintes: forward 5-TGA
AGG AGA AGG TGT CTG GTA GG-3’ e reverse
5-AGG ACG GTG CGG TGA GAG TG-3’; para
o marcador MTHFR A1298C: forward 5-CTT
TGG GGA GCT GAA GGA CTA CTA-3’ e reverse
5-CAC TTT GTG ACC ATT CCG GTT TG-3".
Os fragmentos de 198 pb obtidos na amplifica¢do
do polimorfismo MTHFR C677T foram sub-
metidos a digestdo enzimdtica utilizando a
enzima de restricdio Hinfl, a 37°C durante a
noite. O resultado da digestdo foi submetido
a electroforese em gel de poliacrilamida, com
revelagdo a prata. A presenca do alelo T em
homozigotia revela-se com a presenca de 2
bandas: 175 e 23 pb (esta dltima ndo visivel em
gel); os individuos de genétipo CT apresentam
3 bandas: 198, 175 e 23 pb, enquanto que os
homozigéticos CC permanecem com a banda de
198 pb intacta. (Fig. 2)

Quando necessdria a sequenciacdo na
detecgdo dos polimorfismos (MTHFR A1298C),
o fragmento de 163 pb amplificado e purificado

M.I. Mendonga et al.
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MTHFR

For both MTHFR polymorphisms, genomic
DNA was amplified by PCR in a reaction of 25
ml containing approximately 25 ng DNA, 0.25
mM of each primer, 0.3 mM of each dNTP, 0.2
U of Tag DNA polymerase (FIREPola), 0.25x
buffer and 2.5 mM MgCI2, using a Hybaid
OmniGene TR3 SM2 thermocycler. The primers
used for the C677T polymorphism were: forward
5-TGA AGG AGA AGG TGT CTG GTA GG-3
and reverse 5-AGG ACG GTG CGG TGA
GAG TG-3’; and for A1298C: forward 5-CTT
TGG GGA GCT GAA GGA CTA CTA-3" and
reverse 5’-CAC TTT GTG ACC ATT CCG GTT
TG-3". The 198-bp fragments obtained from
amplification of the C677T polymorphism were
digested using the restriction enzyme Hinfl at
37 °C overnight. The restriction products were
identified by polyacrylamide gel electrophoresis
and silver staining. The homozygous T allele was
revealed by the presence of two bands, of 175
and 23 bp (the latter not visible on gel), the CT
genotype by three bands, of 198, 175 and 23 bp,
while CC homozygosity was indicated by a single
band of 198 bp (Fig. 2).

When sequencing was required to detect the
MTHFR A1298C polymorphism, the 163-bp
fragment, following amplification and purification
in Sephadex columns (Sigma), was subjected to
asymmetrical amplification using a BigDye kit
in a Trio Thermoblock thermocycler (Biometra).
Sample processing and PCR procedures were
as recommended by the manufacturer with
slight modifications. Each sequencing reaction
used 1-3 ml DNA, depending on the quantity
obtained after purification of the PCR product,
1.4 ml BigDye 3.1 (Applied Biosystems), and 1.5
ml (5 pmol) primer, plus sterile distilled water,
to make up a final volume of 10 ml. The samples
then underwent 3 min of denaturation at 94 °C,
followed by 35 cycles of 1 min at 94 °C, 1 min
at 60 °C and a 30-sec extension at 72 °C, ending
with a final extension step of 7 min at 72 °C.
The sequences were read in an ABI Prism 310
genetic analyzer (Applied Biosystems) (Fig. 2).

PARAOXONASE 1

The human paraoxonase 1 (PON1) gene,
located on the long arm of chromosome 7 (g21-
q22), has several genetic polymorphisms, the
most thoroughly studied being the substitution
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em colunas de Sephadex Sigma, foi submetido
a amplifica¢fo assimétrica das cadeias usando o
kit Big Dye, TRIO-
Thermoblock Biometra. Os protocolos utilizados
para o processamento das amostras e as
condicdes de PCR para a sequenciacio foram os
recomendados pelos fornecedores, com ligeiras
reac¢do
de sequencia¢do continha 1-3 ml de ADN
(dependente da quantidade em ng obtida apés a
purificacdo do produto da amplificagdo), 1.4 ml
de Big Dye 3.1 Applied Biosystems, 1.5 ml de
primer (5 pmol) e sdw para perfazer um volume
final de 10 ml. Inicia-se a desnaturacéo durante 3
min a 94°C, seguida de 35 ciclos de desnaturagio
de 1 min a 94° C, depois 1 min a 60° C e uma
extensdo de 30 seg a 72 ° C, a que se seguia uma
extensdo final de 7 min a 72° C. As sequéncias
foram lidas num sequenciador ABI Prism 310
Genetic Analyser Applied Biosystems.(Fig. 2)

num termociclador

modificagdes. Assim sendo, cada

PARAOXONASE 1

O gene humano da paraoxonasel (PON)
1 localiza-se no braco longo do cromossoma
7 (q21-q22). Apresenta vdrios polimorfismos
genéticos, sendo os mais conhecidos e estudados
a substitui¢do da Leucina (Leu) por Metionina
(Met) na posi¢do 55 e a substituicdo da
Glutamina (Glu) por Arginina (Arg) na posi¢éo
192 (Q192R)

PON 55 L/M

A mutacdo L55M do gene PON foi tipada por
amplifica¢cdo com os primers: forward 5°-GAA
GAG TGA TGT ATA GCC CCA G-3’ e reverso
5-TTT AAT CCA GAG CTA ATG AAA GCC-3'.
As condigdes de reacgdo foram 40 ciclos de 1
minuto a 95°C, 30 segundos a 61°C e 45 segundos
a 72°C. Os produtos de PCR foram digeridos
com a enzima de restri¢do Nlalll (New England
Biolabs) durante 6 horas e os produtos de restri¢ao
visualizados em gel de poliacrilamida T9C5. O
alelo L. apresentava um fragmento de 170 pb e
o alelo mutado M apresentava dois fragmentos,

126 e 44 pb. (Fig 3)

PON 192 Q/R

A mutagio QI192R do gene PON foi
determinada por amplificagdo com os primers:
Jorward 5-TAT TGT TGC TGT GGG ACC TGA
G-3" e reverso 5-CAC GCT AAA CCC AAA
TAC ATC CTC=3’. As condicdes de reaccio foram

g il i er 1T ¢
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Figura 2. Polimorfismos do gene da MTHFR C677T

Figure 2. Polymorphisms of the MTHFR gene

of methionine (Met) for leucine (Leu) at position
55 (L55M) and the substitution of arginine (Arg)
for glutamine (Glu) at position 192 (Q192R).

PON1 L55M

The L55M mutation of the PON1 gene was
genotyped using the forward primer 5-GAA
GAG TGA TGT ATA GCC CCA G-3’ and reverse
primer 5-TTT AAT CCA GAG CTA ATG AAA
GCC-3". PCR was performed for 40 cycles of 1
min at 95 °C, 30 sec at 61 °C and 45 sec at 72
°C. The PCR products were digested using the
restriction enzyme Nlalll (New England Biolabs)
for 6 hours and the restriction products were
visualized on T9C5 polyacrylamide gel. The L
allele consisted of a 170-bp fragment and the
mutated M allele consisted of two fragments, of

126 and 44 bp (Fig. 1).

PON1 Q192R

The Q192R mutation of the PON1 gene was
identified by amplification with the forward primer
5-TAT TGT TGC TGT GGG ACC TGA G-3’ and
reverse primer 5-CAC GCT AAA CCC AAA
TAC ATC CTC-3’. The reaction conditions were
40 cycles of 1 min at 94 °C, 30 sec at 61 °C and
1 min at 72 °C. The resulting PCR products were
digested with the Alwl restriction enzyme (New
England Biolabs) for 6 hours and the restriction
products visualized on T9C5 polyacrylamide gel.
The Q allele consisted of a 99-bp fragment and
the mutated R allele consisted of two fragments,

of 66 and 33 bp (Fig. 3).




de 40 ciclos de 1 minuto a 94°C, 30 segundos
a 61°C e 1 minuto a 72°C. Os produtos de PCR
assim obtidos foram digeridos com a enzima de
restricdo Alwl (New England Biolabs) durante
6 horas e os produtos de restri¢do visualizados
em gel de poliacrilamida T9C5. O alelo Q
apresentava um fragmento de 99 pb e o alelo
mutado R apresentava dois fragmentos, com 66

e 33 pb.(Fig 3)
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ANALISE ESTATISTICA

Todas as varidveis continuas sdo apresentadas
com a respectiva média = Desvio Padréio (DP). As
frequéncias das variantes genéticas e os factores de
risco cldssicos foram avaliadas pelo teste do c2.

A razdo das possibilidades (odds ratio) com
intervalos de confianga a 95% foi utilizada para
estimar o risco relativo de DC dos polimorfismos
na populagdo estudada.

Foi usado um modelo de regressio logfs-
tica para identificar quais as varidveis que
se relacionavam de forma significativa e
independente com a DC, tendo entrado nesse
modelo todas as consideradas significativas na
andlise univariada.

Verificamos se as frequéncias genotipicas dos
diferentes genétipos estavam em equilibrio de
Hardy-Weinberg, utilizando para tal o teste do
Qui-quadrado de Pearson, x2- % (O-Ey
um grau de liberdade.®*29 E

A andlise dos dados foi feita através da utiliza-
¢io do software estatistico SPSS for Windows
versdo 14.0, Chicago, Illinois. Considerou-se um
valor p<0,05 como estatisticamente significativo.

, com
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STATISTICAL ANALYSIS

All continuous variables are presented as
means = standard deviation. Frequencies of
genetic variants and conventional risk factors
were assessed by the chi-square test.

Odds ratios with 95% confidence intervals
were used to estimate the relative risk for CAD
of the polymorphisms in the study population.

A logistic regression model that included all
variables considered significant on univariate
analysis was used to identify those with a
significant and independent association with
CAD.

The frequencies of the different genotypes
were tested for Hardy-Weinberg equilibrium
using Pearson’s chi-square test, x2— Z(O'_E)z ,
with one degree of freedom®2Y, E

The data were analyzed using SPSS for
Windows version 14.0 (Chicago, Illinois). A
value of p<0.05 was taken as significant.

RESULTS

Analysis of the study population shows that
the cases have a higher alcohol intake, more
family history of CAD, more smokers, a higher
proportion with hypertension, diabetes and
dyslipidemia, and higher BMI, PWYV, fibrinogen,
high-sensitivity C-reactive protein (hs-CRP),
and lipoprotein(a) (Table I).

Table 1. Baseline characteristics of the population

. Cases Controls
Variable (n=298) (n=208) P
Age (years) 55.0£10.3 55.5£8.0 NS
Male (%) 235 (78.9%) | 219 (73.5%) NS
Family history (%) 114 (38.3%) | 52 (17.4%) | p<0.0001
Smoking 115 (38.6%) | 63 (21.1%) | p<0.0001
HT (%) 114 (38.4%) | 101 (33.9%) NS
Diabetes (%) 69 (23.2%) | 31 (10.4%) | p<0.0001
Dyslipidemia (%) 111 (37.2%) | 90 (30.3%) NS
Alcohol intake (g/day) | 55.6+83.2 38.7£54.6 | p=0.003
BMI 27.9+4.0 27.4+4.1 NS
PWV 10.3+2.1 9.8+1.6 p=0.003
Fibrinogen (mg/dl) 335.5+96.0 | 276.9+65.5 | p<0.0001
hs-CRP (mg/dl) 5.36+7.1 3.1+4.7 p<0.0001
Lipoprotein(a) (mg/dl) | 36.9+36.6 | 27.8+31.7 | p=0.001
BMI: body mass index; hs-CRP: high-sensitivity C-reactive protein; HT: hypertension;

PWV: pulse wave velocity

The significance of homozygous polymor-
phisms considered to be risk factors for CAD
was then analyzed: ACE DD, ACE 8 GG, AGT
235TT, AGT 174MM, MTHFR 677TT, MTHFR
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RESULTADOS

Ao analisarmos a popula¢do em estudo,
verificamos que a populagdo doente ingere mais
dlcool, tem histéria familiar mais carregada,
fuma mais, tem uma percentagem mais elevada
de hipertensdo arterial, de diabetes mellitus, de
dislipidemia, um indice de massa corporal (IMC)
mais elevado, assim como valores de velocidade
de onda de pulso (VOP), fibrinogénio, Proteina
C Reactiva de alta sensibilidade (PCR as) e
lipoproteina (a). (Quadro I

Quadro 1. Caracteristicas basais da populagio

Varidveis Casos Controlos Valor - p
(n=298) (n=298)
Idade (anos) 55.0+10.3 | 55.5+8.0 Ns
Sexo Masculino (%) 235 (78.9%) | 219 (73.5%) Ns
DC Familiar (%) 114 (38.3%) | 52 (17.4%) | p<0.0001
Habitos tabdgicos 115 (38.6%) | 63 (21.1%) | p<0.0001
HTA (%) 114 (38.4%) | 101 (33.9%) Ns
Diabetes Mellitus (%) 69 (23.2%) | 31 (10.4%) |p<0.0001
Dislipidémia (%) 111 (37.2%) | 90 (30.3%) | _ Ns
Alcool (gr/dia) 55.6 +83.2 | 38.7 £ 54.6 | p=0.003
IMC (Kg/m?) 270+4.0 | 27441 | Ns
vopr 10.3 +2.1 9.8+1.6 | p=0.003
Fibrinogénio (mg/dl) 335.5+96.0 [276.9 + 65.5 | p<0.0001
PCR-as (mg/dl) 5.36 + 7.1 3.1+4.7 |p<0.0001
Lipoproteina (a) (mg/dl) | 36.9 +36.6 | 27.8 + 31.7 | p=0.001

DC: Doenga Familiar; HTA: Hipertensdo Arterial; IMC: Indice de Massa Corporal;
VOP: Velocidade de Onda de Pulso; PCR-as: Protefna C Reactiva de alta sensibilidade;
Estatistica significativa para p<0.05.

Estudamos em seguida a significancia das di-
ferentes mutagdes polimérficas, em homozigotia,
consideradas factores de risco para DC, em
estudos da literatura: ECA DD, ECA 8 GG, AGT
235 TT, AGT 174 MM, MTHFR 677 TT e 1298
AA, PONI1 192 RR e 55 MM. Os genétipos que
apresentaram frequéncias mais elevadas nos
doentes com significAncia estatistica foram: ECA

DD, ECA 8 GG e PON 192 RR. (Quadro 1)

Quadro 1I. SignificAncia dos diferentes polimorfismos
estudados isoladamente

Polimorfismo (n(i;;sgog) ((:r?:;?(l)(; Valor p 091:5{”5;;:
ECA DD 124 (41.6%) | 83 (27.9%) | <0.0001 (1‘;'5;‘660)
ECA8GG |110(36.9%) | 84 (28.2%) | 0.023 (1.(1)'613.111)
AGT 174 MM | 4 (1.3%) | 1(0.3%) | Ns (0,2’5?%_4)
AGT235TT | 57 (19.1%) | 55(18.5%) | Ns (0;'9%.553)
%fHFRﬁW 31(10.4%) |32 (10.7%) | Ns (0.2'79_??63)
X[EHFRHQS 158 (53.0%) (4;;?25%) 0.049 (O,éi?i%%
PONI 55 MM 57(19.0%) [46(154%) | No | (120

1298AA, PON1 192RR and PON1 55MM. The
genotypes with statistically significant higher
frequencies in the CAD patients were ACE DD,
ACE 8 GG, and PON1 192RR (Table ).

Table 1I. Significance of the different polymorphisms

studied in isolation

Polymorphism | Cases Controls OR
(0=298) | (n=520) P (95% CI)
ACE DD 124 1.846
(Lo | 83@79% | o001 | | 0
ACE8 GG 110 1491
(36.9%) |3+ @82%)| 0023 | o655 11)
ACTITAMM 1y 4 300 | 1(03%) | NS o o N
AGT235TT 1 57 (10.190) | 55 (18.5%) | NS o éﬁSss)
MTHFR , 0.965
skt 31(104%) | 3200.7%) | NS | (270
MTHFR 158 135 | om0 | 1363
1208AA 63.0% | @52%) | "% |0.99-1.80)
PONLSSMM | 57 19 107) |46 (15.4%) | NS o éf_?ﬁgg)
PONTI92RR | 57 15 490) | 22 (7.4%) | 0.040 0 3'27_;810)

ACE: an giotensin-converting enzyme; AGT: angiotensinogen; CI: confidence interval;
MTHFR: methylenetetrahydrofolate reductase; OR: odds ratio; PON1: paraoxonase 1

An association of polymorphisms in the same
gene did not have an additive or synergistic
effect, compared to the significance of each
polymorphism in isolation, nor did it increase

the risk of CAD (Table I1I).

Table 111. Associations of polymorphisms in the same gene

Pol hi Cases Controls OR
OYMOTPRISIS | (2998) | (n=298) | (95% CI) P
ACEDD + ACE | 03 68 [1534(L07-| (o0

8GG 31.2%) | @2.8%) | 221 :
AGT 174MM + 4.041 (0.45-
acrasstr | AA3%) | 1O03%) | g ) NS
MTHFR 677TT

+ MTHFR 28 (9.4%) | 23 (7.7%) 1'24202(?)'70‘ NS
1208AA :

(ACE DD or

ACEBGO) + | 6330/) 19 (6.4%) 1'76371(8)'98‘ 0.057
PON1 192RR -0 :

ACE: angiotensin-converting enzyme; AGT: angiotensinogen; CI: confidence interval;
MTHFR: methylenetetrahydrofolate reductase; OR: odds ratio; PON1: paraoxonase 1

However, polymorphic associations in
different genes increased the risk of CAD,
compared with the isolated polymorphisms.

The association of ACE DD or ACE 8 GG
with AGT 235TT increased CAD risk, with
the OR rising from 1.8 to 2.4, and similarly for
the association of ACE DD or ACE 8 GG with
MTHFR 1298AA.

When ACE DD or ACE 8 GG was associated
with PON1 192RR, the relative risk rose from
1.8 to 4.2.




PON1 192 1.778

37 (124%) | 22 (7.4%) | 0.040

RR (1.02-3.10)

Legenda: ECA: Enzima Conversora da Angiotensina; AGT: Angiotensinogénio; MTHFR:
Metiltetrahidrofolato  Reductase; PON1: Paraoxonase; Estatistica significativa para
p<0.05.

Quando se associaram  polimorfismos
pertencentes ao mesmo gene, ndo houve
nenhum efeito sinérgico ou aditivo, em relagdo
4 significAncia de cada um dos polimorfismos
isolados, ndo havendo aumento do risco relativo

para DC. (Quadro I1I)

Quadro IlI. Associagido de polimorfismos pertencentes ao
mesmo Gene

. Caso Controlo OR
Polimorfismo (n=208) (n=208) (IC 95%) Valor P
ECADD+ECA | 93 o | 1534 (1.07-
8GG 31.290) | B @28 | o gy | 0021
AGT 174 MM + ) ) 4.041 (0.45-
acT2ssTr | HUB%) | 1O3%) | a0y NS
MTHFR 677 TT

28 1.240 (0.70- ‘
+MTHFR 1208 | o0 | 23 (7.7%) 2.21) Ns
AA
(ECA DD ou ]
ECABGG)+ | 033(7) 19 (6.4%) 1'76371(3)'98 0.057
PON 192 RR e o

Legenda: ECA: Enzima Conversora da Angiotensina; AGT: Angiotensinogénio; MTHFR:
Metiltetrahidrofolato Reductase; PON1: Paraoxonase. Estatistica significativa para
p<0.05.

No nosso estudo, a associacdo de dois
polimorfismos pertencentes a genes diferentes
aumentou o risco de DC em relagdo a cada um
dos polimorfismos isolados:

A associacdo da ECA DD ou ECA 8 GG +
AGT 235 TT, aumentou o risco de DC, tendo o
OR passado de 1,8 para 2,4 nessa associacdo,
assim como na associacio da ECA DD ou ECA 8
GG + MTHFR 1298 AA.

No caso em que a ECA DD ou a ECA 8 se
associaram & PON 192 RR o risco relativo passou
de 1,8 para 4,2.

O risco relativo de DC aumentou no nosso
estudo, quando os polimorfismos se associam
em genes diferentes pertencentes quer ao
mesmo sistema enzimético (SRA) ou a sistemas
enziméticos diferentes, codificando diferentes
proteinas. (Quadro IV; Fig.4)

Quadro 1V. Associagao

de polimorfismos em genes

diferentes

Polimorfismo (n(izs908) ((];):;rgoé()) (I (JOQRS %) Valor p
5 (1.30-

Egﬁ 8D ]é(gu (4%1%) (339.3%) 1'8%?5(21). ? | <0001

gcc: 8D8c3u+ 3 15 (500 | Z430030- 16 605

AT omanr | (11.4%) 4.56)
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In our study, relative risk for CAD increased
for associations of polymorphisms in different
genes, both in the same enzyme system (RAS)
and in different enzyme systems and coding for
different proteins (Table IV; Fig. 4).

Table 1V. Associations of polymorphisms in different genes

Polymorphisms Cases Controls OR

ymorpiis (=298) | (1=298) | (95% CI) P
ACE DD or 141 99 | 1.805 (1.30-
ACE 8 GG 473%) | 332%) | 252 | <0001
(ACE DD or
ACE 8 GG) + 113:‘;(7) 51(;50/) 2'4‘105,)%)'30' 0.005
AGT 235TT (11.4%) | (5.0% :
(ACE DD or
ACE 8 GG) 75 30 |2.234 (146-
+ MTHFR 252%) | (131%) | 342) | <0-0001
1208AA
(ACE DD or
ACE8GG) +  [20(6.7%) | 5(17%) | *2[9 élg‘)‘%' 0.002
PON 192RR :

ACE: angiotensin-converting enzyme; AGT: angiotensinogen; CI: confidence interval;
MTHFR: methylenetetrahydrofolate reductase; OR: odds ratio; PON1: paraoxonase 1

HH wasqse-1515)
T 4m0ias-43563)
HI1 amosss-3am

ECADD mECABGG*
(ECADD ouECA §GG)+ AGT 285 1T

(ECADD cuECAS GO+ MTHR 129884 *

EraDDmECAsogypaNmRR ) | {1 s
of || T
g .63 3% 8§

ACE:  angiotensin-converting  enzyme;  AGT:  angiotensinogen; ~ MTHFR:

methylenetetrahydrofolate reductase; OR: odds ratio; PON1: paraoxonase 1

Figura 4. Risco relativo da associa¢ao da ECA I/D ou ECA
8 com polimorfismos sediados em genes diferentes.

Figure 4. Relative risk of the association of ACE 1/D or
ACE 8 polymorphisms with those in different genes

The distributions of the ACE I/D, ACE 8
A/G and AGT M235T polymorphisms were in
Hardy-Weinberg equilibrium, but the MTHFR
A1298C and PON1 Q192R polymorphisms did
not present the expected equilibrium. This was
due to a higher proportion of heterozygotes in the
control group, which would appear to confirm the
increased CAD risk presented by the homozygous
PON1 192RR and MTHFR 1298A A mutations.

Multiple logistic regression was used to
identify independent risk factors for CAD.

The following variables were used in step
1: family history of CAD, smoking, alcohol
intake, BMI, diabetes, dyslipidemia, fibrinogen,
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(ECA DD ou

ECA 8 GC) + 75 30 2234046 | o
MTHFR 1208 | (252%) | (131%) |  3.42) :

AA

(ECA DD ou

ECABGG)+ |20(6.7%) | 5(17%) | 20 ;19')56' 0.002
PON 192 RR :

ECA: Enzima Conversora da Angiotensina; AGT: Angiotensinogénio; MTHFR:
Metiltetrahidrofolato Reductase; PON1: Paraoxonase. Estatistica significativa para
p<0.05

As distribui¢des genotipicas dos polimor-
fismos ECA 1/D, ECA 8 A/G e AGT M235T,
estdo em equilibrio de Hardy-Weinberg, mas
as distribui¢des genotipicas dos polimorfismos
da MTHFR A1298C e da PON Q192R
estdo desviadas do equilibrio esperado. Este
desiquilibrio é hete-
rozigéticos na populagdo controlo o que parece
confirmar o risco aumentado que os homozigéticos

PON 192 RR e MTHFR 1298 AA apresentam no

desenvolvimento da DC.

devido ao excesso de

Por fim usamos um modelo de regressdo
logistica para identificar quais os factores de
risco que se relacionaram de forma independente
e significativa com a DC.

Entraram no 1° passo (step 1), as seguintes
varidveis:

Doenca corondria familiar, habito de fumar,
ingestdo de alcool, IMC, diabetes, dislipidémia,
fibrinogénio, Lp(a), Apoliproteina B, PCR (as),
VOP, ECA DD+ ECA 8 GG, (ECA DD ou ECA
8 GG) + PON 192 RR, (ECA DD ou ECA 8
GG) + AGT 235 TT, (ECA DD ou ECA 8 GG)
+ MTHFR 1298 AA, tendo sido identificados
sete factores, independentes e associados a DC:
Habitos tabdgicos, doenga familiar, fibrinogénio,
diabetes, associagdio genotipica (ECA DD ou
ECA 8 GG) + MTHFR 1298 AA, associagdo
genotipica (ECA DD ou ECA 8 GG) + PON 192
RR e finalmente a lipoproteina (a).

Constatamos que a interac¢io entre os dois
genétipos (ECA DD ou ECA 8 GG) + MTHFR
1298 AA e (ECA DD ou ECA 8 GG + PON 192
RR), sediados em genes diferentes, contribuiu
de forma independente e significativa para a
presenca de DC.

A dltima associag@io com interac¢do entre a
ECA DD ou ECA 8 genétipo GG e a PON 192
RR mostrou um risco de DC cinco vezes superior

(Tabela V).

lipoprotein(a), apolipoprotein B, hs-CRP, PWV,
ACE DD + ACE 8 GG, (ACE DD or ACE 8 GG)
+PON1 192RR, (ACE DD or ACE 8 GG) + AGT
235TT and (ACE DD or ACE 8 GG) + MTHFR
1208AA.

Seven factors were found to be independently
associated with CAD: smoking, family history,
fibrinogen, diabetes, association of the (ACE DD
or ACE 8 GG) + MTHFR 1298AA or (ACE DD
or ACE 8 GG) + PON1 192RR genotypes, and
lipoprotein(a).

We found that the interaction between the two
genotypes, (ACE DD or ACE 8 GG) + MTHFR
1298AA and (ACE DD or ACE 8 GG) + PON1
192RR, in different genes, significantly and
independently increased the risk of CAD. The
second of these associations, between ACE DD
or ACE 8 GG and PON1 192RR, increased CAD
risk fivefold (Table V).

Table V. Logistic regression model of CAD risk

Variable B SD [ Exp(B) | 95% CI p

Smoking (%) | 0.95 | 0.22 | 2.5988 | 1.70-3.94 | <0.0001
te)

Family 117 | 022 | 3208 | 2.07-4.98 | <0.0001

history (%)

Fibrinogen

(el 0.01 | 0.001 | 1.009 | 1.01-1.01 | <0.0001

Diabetes (%) | 1.01 | 027 | 2.747 | 1.62-4.67 | <0.0001

(ACE DD or

ACE 8 GG) )

 MTHER 0.75 | 026 | 2.122 | 1.28-3.60 | 0.004

1298AA

(ACE DD or

ACE8GG)+ | 1.67 | 0.70 | 5331 |1.35-21.10| 0.017

PON1 192RR

Lipoprotein(@) | o 511 003 | 1.007 | 1.00-1.01 | 0.023

(mg/dl)

Constant 395 045 | 0.019 <0.001

ACE: angiotensin-converting enzyme; (ACE DD or ACE 8 GG) + MTHFR 1298AA:
association of ACE DD or ACE 8 GG and MTHFR 1298AA: (ACE DD or ACE 8 GG)
+ PON1 192RR: association of ACE DD or ACE 8 GG and PON1 192RR; B: regression
coefficient; Cl: confidence interval; Exp (B): odds ratio MTHFR: methylenetetrahydrofolate

reductase; PON1: paraoxonase 1; SD: standard deviation

DISCUSSION

The present study compares the incidence
of particular polymorphisms, in isolation or in
association, in a population with CAD and a
control group, in order to evaluate certain gene-
gene interactions that may be associated with
CAD. However, as stated above, coronary artery
disease is multifactorial and polygenic, and we
are aware that there may be many other mutations
and associations not examined here that could
be important in predicting CAD risk (25).

We found that the DD genotype of ACE 1/D




Tabela V. Modelo de regressao logistica do risco de Doenca
Coronaria

Varidveis B SD [Exp(B)| IC(95%) | Valor P
Habitos

tabdgicos 095 | 0.22 |2.5988 | 1.70-3.94 |<0.0001
(%)

Doenga

Familiar (%) 1.17 | 0.22 | 3.208 2.07-4.98 |<0.0001
Fibrinogénio | 51 1 0.001 | 1.000 | 1.01-1.01 |<0.0001
(mg/dl)

Diabetes (%) | 1.01 | 0.27 | 2.747 | 1.62-4.67 |<0.0001
(ECA DD ou

ECA 8 GG)

+ MTHFR 0.75 | 0.26 | 2.122 1.28-3.60 0.004
1298 AA

(ECA DD ou

ECA 8 GG) e

+PON 192 1.67 | 0.70 | 5.331 | 1.35-21.10 | 0.017
RR

Lipoproteina . .
(a) (mg/dl) 0.01 | 0.003 | 1.007 1.00-1.01 0.023
Constante -3.95 | 045 | 0.019 <0.001

Legenda: B- Coeficiente de regressdio; SD — Standard Deviation; Exp(B)- Odds Ratio;
IC- Intervalo de Confianga; ECA- Enzima Conversora da Angiotensina; MTHFR-
Metiltetrahidrofolato Reductase; PON- Paraoxonase; (ECA GG ou ECA 8 GG) + MTHFR
1298 AA- Interacgio entre a ECA DD ou ECA 8 GG com a MTHFR 1298AA; (ECA GG
ou ECA 8 GG) + PON 192 RR- Interacgio entre a ECA DD ou ECA 8 GG com a PON 192
RR; Estatistica significativa para p<0.05.

DISCUSSAO

O estudo que acabamos de apresentar é um
estudo de associagdo que compara a incidéncia
de um determinado polimorfismo marcador, ou
associacdo de marcadores, numa populag¢do de
individuos com DC e numa populagéo contro-
lo. J4 anteriormente dissemos que a DC é uma
doenga multifactorial e poligénica. No presente
estudo pretendemos avaliar algumas das inter-
acgdes gene-gene, que podem existir no homem,
associadas a DC. Sabemos, no entanto, que podem
existir muitas outras mutagdes e associagdes,
importantes, nfo estudadas por nés neste trabalho
e que podem aumentar as possibilidades de
predicdo da doenga corondria.®

No presente estudo, verificamos que, os
genétipos DD da ECA /D (41,6% versus 27,9%,
P <0,0001), o GG da ECA 8 (36,9 versus 28,2%,
P=0,023) o AA MTHFR 1298 (53,0% wversus
45,2%, P=0,049), e o RR da PON 1 (12,4 versus
7,4%, P=0.040) apresentaram uma frequéncia
mais elevada no grupo dos doentes corondrios,
em relacdo ao grupo dos controlos, diferenga essa
com significAncia estatistica.

Sdo por este facto considerados indicadores
ou marcadores de associagdo positiva com a DC,
ou seja factores de risco de DC. O odds ratio

(OR) é no caso do ECA DD de 1,8 e portanto os

M.I. Mendonga et al.
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(41.6% vs. 27.9%, p<0.0001), ACE 8 GG (36.9
vs. 28.2%, p=0.023), MTHFR 1298AA (53.0%
vs. 45.2%, p=0.049), and PON1 192RR (12.4 vs.
7.4%, p=0.040), were more common in the CAD
patients than in the controls, the differences
being statistically significant.

These genotypes can therefore be considered
as indicators of a positive association with CAD,
i.e. as risk factors. The odds ratio for ACE DD is
1.8, and so carriers of this genotype have an 80%
higher risk of developing the disease than those
with other genotypes. In the case of ACE 8 GG
and MTHFR 1298AA, the risk is approximately
50%.

Asseemed logical, albeit not fully investigated
before, an association of polymorphisms in the
same gene but in different loci — ACE DD +
ACE 8 GG, AGT 174MM + AGT 235TT and
MTHFR 677TT + MTHFR 1298AA — did not
increase the risk of CAD in our study. However,
the association of two polymorphisms in different
genes, whether or not they belonged to different
enzyme systems but coding for different proteins
and affecting different physiological pathways —
(ACE DD or ACE 8 GG) + AGT 235TT, (ACE
DD or ACE 8 GG) + MTHFR 1298AA, and (ACE
DD or ACE 8 GG) + PON1 192RR — more than
doubled the risk, and quadrupled it in the case
of (ACE DD or ACE 8 GG) + PON1 192RR.

Polymorphisms do not act in isolation; the risk
they confer can be increased or reduced by the
presence of other polymorphisms that may have
harmful or protective effects. The development
of disease also depends on the environment, i.e.
on behavioral risk factors that can be modified or
controlled; such factors, if favorable, can mean
that minor genetic defects do not lead to illness,
or if not, can lead to early and severe vascular
disease.

Genetic association studies are a fruitful area
of research, especially to investigate the genetic
contribution of complex phenotypes to the
etiology of disease. They may be the only way to
reveal population effects. However, their results
are difficult to reproduce in subsequent studies,
mainly due to problems with study design and
inadequate statistical power due to small sample
sizes®28),

The case-control study presented here has
certain features that we believe may have avoided
such problems.

We took care to ensure that our sample size
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individuos portadores deste genotipo, apresentam
um risco relativo 80% maior de contrair a doenca,
em relagdo aos que ndo tém este genétipo No caso
do ECA GG e MTHFR AA esse risco é de 50%.

Como se nos afigurava l6gico, mas ainda
ndo tinha sido suficientemente investigado,
a associacdo de polimorfismos pertencentes
ao mesmo gene, mas em loci distintos (ECA
DD+ ECA 8 GG; AGT 174 MM + AGT 235
TT e MTHFR 677 TT+ MTHFR 1298AA) nao
aumentou o risco de doenga corondria, no nosso
estudo. A associa¢do de dois polimorfismos
pertencentes a genes diferentes (ECA DD ou
ECA 8 GG + AGT 235 TT; ECA DD ou ECA 8
GG + MTHFR 1298 AA; ECA DD ou ECA 8 GG
+ MTHFR 1298 AA; ECA DD ou ECA 8 GG +
PON 192 RR), pertencentes ou ndo a diferentes
sistemas enzimdticos, mas podendo codificar
diferentes proteinas e interferir em eixos e
caminhos fisiopatolégicas diferentes, dobrou o
risco de DC e quadruplicou este risco, no caso da
associacio da ECA 1/D ou ECA 8 com a PON1
192 RR.

Sabendo-se que os polimorfismos que
eventualmente comportem risco acrescido ndo
existem isolados, o seu risco pode ser modulado,
quer no sentido do aumento ou da diminuigdo,
pela presenga de outros polimorfismos deletérios
ou protectores. O aparecimento de doenga
depender4 ainda do meio, ou seja, dos factores
de risco comportamentais, susceptiveis de
interven¢do ou de controlo, que podem fazer, se
favordveis, que deficiéncias genéticas minor ndo
levem a doenga ou, se desfavordveis, que essas
mesmas deficiéncias levem ao aparecimento de
doenca vascular precoce e grave

Os estudos de associa¢do genética sdo uma
estratégia de pesquisa dtil, em especial na
investigagdo etiolégica do contributo genético
nos fenétipos “complexos,” podendo ser o
tnico método eficaz e capaz de desvendar
efeitos populacionais. No entanto, estes estudos
sdo dificeis de reproduzir. Os factores mais
importantes e responsdveis pela inabilidade
para reproduzir estas associagdes em estudos
subsequentes resultam muitas vezes de um mau
desenho do estudo e a falta de um poder estatistico
adequado devido ao tamanho inadequado da
amostra.*2)

O estudo caso-controlo que efectuamos,
apresenta algumas qualidades, pois pensamos
ter contornado certos aspectos referidos.

was sufficiently large, with a total of 596 subjects
(298 cases and 298 controls). The cases were all
recruited consecutively from patients admitted
with CAD in order to avoid selection bias, while
the controls were selected from the electoral
register of the same population and matched
for gender and age. Of course, only coronary
angiography could have made certain that none
of the controls had coronary disease, but the use
of an invasive exam would have involved serious
ethical difficulties. In order to avoid such bias,
all doubtful cases were thoroughly investigated
by means of non-invasive exams.

Unlike many other studies, our analysis
was not limited to examining whether a single
polymorphism presents increased risk, but
evaluated various polymorphisms and some of
the most important gene-gene associations, some
of them never studied before.

The effect of a single nucleotide substitution
in a candidate gene may not be evident in a given
individual, but if this polymorphism is common
in the population, it may have a much greater
impact.

Itis clear from the literature that for prediction
of complex and multifactorial diseases, analysis
of multiple polymorphisms and their associations
can be much more useful than studying a single
genetic marker in isolation®, since gene-gene
interactions can mask the modest effect of a
single marker in a complex phenotype®*-.

We believe that the methodology used in this
study was appropriate and that our results may
contribute to understanding the far from simple
genetic aspects of complex and multifactorial
diseases such as CAD.

Our results suggest that the association
of polymorphisms in the same gene does not
increase the risk of the isolated polymorphism,
but that the association of polymorphisms in
genes belonging to different enzyme systems
is linked to increased risk compared to the
isolated polymorphisms. The study may explain
the difficulty of interpreting the risk of different
polymorphisms in CAD, and may open up new
possibilities in this field.

The molecular basis of the heritability of
coronary artery disease may reside in this
network of genetic interactions, which may have
some as yet unknown hierarchical structure.
and  gene-
environment interactions is needed as a basis for

Research into  gene-gene




Houve da nossa parte uma preocupagio na
recolha de uma amostra significativa, pelo que
foram incluidos um total de 596 individuos
(298 casos e 298 controlos). Tentdmos também
evitar os enviesamentos por falhas no desenho
do estudo, recorrendo, nos casos, a anilise de
todos os doentes internados de forma consecutiva
por DC, o que impossibilita enviasamentos pela
seleccdo. Os controlos foram escolhidos a partir
dos cadernos eleitorais da mesma populacdo dos
casos e emparelhados por sexo e idade. Claro
que s6 a realizacdo de uma corondriografia nos
daria a certeza de nfo estarmos a incluir alguns
doentes no grupo dos controlos, mas o uso, nestes
casos, de um exame invasivo levantar-nos-ia
problemas éticos dificeis de contornar. Por isso
e para evitar este possivel “enviezamento”, nos
casos duvidosos, optdmos por ser exaustivos
nos pedidos de exames complementares de
diagnéstico ndo invasivo.

Ao contrdrio de muitos outros, nio se

limitou & andlise de um dtnico polimorfismo
genético procurando verificar se este apresenta
risco acrescido, mas foram avaliados varios
polimorfismos e algumas das mais importantes
associacdes gene gene, algumas ja descritas,
outras ainda ndo investigadas.

Uma tnica substituicdo de nucleétidos em
um gene candidato pode ser insuficiente para
demonstrar o seu efeito em termos individuais,
mas se este polimorfismo apresentar uma
frequéncia populacional considerdvel, o seu
impacto poderd ser muito mais relevante.

A literatura tem mostrado que no estudo de
polimorfismos genéticos na predi¢do do risco
em doengas complexas multifactoriais, a andlise
conjunta de miltiplos marcadores genéticos e
multiplas associagdes polimérficas, parece ser
muito mais importante que a andlise de um s6
marcador isolado, [29] pois a ocorréncia de
interagdes gene-gene, pode mascarar o efeito
modesto de um simples marcador, num fenotipo
complexo. [30-33]

Pensamos ter sido usada uma metodologia
correcta na conducdo do estudo, podendo assim
o0s nossos resultados apresentar alguma utilidade
na resolu¢gdo de um tdo complexo problema,
como seja a investigacdo do contributo genético
nas doencas complexas multifactoriais, tais como
a doenga corondria.

Os resultados que obtivemos neste estudo
sugerem que a associacdo de polimorfismos

M.I. Mendonga et al.
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diagnostic scores that can predict individual risk
in multifactorial diseases.

An improved understanding of the enzyme
systems involved could mean that drugs that act
on those systems would be particularly effective
in carriers of certain mutations. One example is
coronary patients with high-risk polymorphisms
affecting ACE, angiotensinogen and angiotensin
receptors, who could benefit from therapy
targeting the renin-angiotensin system, such as
beta-blockers, ACE inhibitors and angiotensin
receptor blockers.

CONCLUSIONS

The results of the present study suggest that:

1. The association of polymorphisms in the
same gene does not increase the risk for CAD
compared to the isolated polymorphism.

2. The association of polymorphisms in genes
belonging to different enzyme systems, and
affecting different physiological systems and
pathways, is always linked to increased CAD
risk compared to the isolated polymorphisms.

3. The combined risk conferred by multiple
risk factors (genetic and environmental) may be
considerably greater than the sum of individual
risks.

This innovative study may contribute to
a better understanding of overall genetic
risk for CAD by examining the clustering of
polymorphisms rather than considering each
polymorphism in isolation.

ACKNOWLEDGEMENTS

This study, which is part of the RTD project
SAPIENS PROJECT 2001 (POCTI/MGI/2001),
was funded by the Portuguese Foundation for
Science and Technology.

We are grateful to the Clinical Pathology
Laboratory and to its Director, Dr. Graga Andrade,
for their assistance with all the biochemical
analyses in this work.

413



414

Rev Port Cardiol
Vol. 28 Abril 09 / April 09

mutados no mesmo gene ndo aumente o risco de
DC em relagfio ao polimorfismo isolado, mas que
a assocla¢do de polimorfismos mutados em genes
diferentes e pertencentes a sistemas enzimaticos
distintos esteja associada a maior risco corondrio
do que cada polimorfismo per si. O presente
trabalho pode explicar as dificuldades na
interpretagdo do risco dos vérios polimorfismos
na doenca das artérias corondrias. Pode também
abrir novas perspectivas nesta intrepertagéo

A hereditariedade da doenga corondria, pode
ter a sua base molecular nesta rede de interaccdes
genéticas, com alguma organizagdo hierdrquica,
que ainda desconhecemos.

A investigacdo no campo das interacgdes
gene/gene e gene/ ambiente é necessdria para
desenvolver scores diagnésticos que possam
predizer o risco individual, nestas doencas
multifactoriais.

O conhecimento de sistemas enzimdticos
envolvidos pode abrir ainda a perspectiva que
determinados fdrmacos que actuam nesses
sistemas sejam particularmente eficazes nos
portadores dessas deficiéncias. Refira-se, a
titulo de exemplo, que doentes corondrios
que apresentem polimorfismos com risco
acrescido a nivel da ECA, angiotensinogénio e
receptores da angiotensina Il poderdo beneficiar
particularmente com terapéuticas que controlem
este eixo, como bloqueadores beta, inibidores da
ECA e inibidores dos receptores da angiotensina
II.

CONCLUSOES

Os resultados obtidos no presente estudo,
sugerem:

1. Que a associagdo de polimorfismos mutados
no mesmo gene, nunca aumentou o risco de DC
em relacdo ao polimorfismo isolado.

2. A associagdo de polimorfismos mutados
em genes distintos, pertencentes a sistemas
enzimdticos distintos e interferindo em sistemas
e eixos fisiopatolégicos diferentes, estd associada
a maior risco corondrio do que cada polimorfismo
per si.

3. Orisco combinado conferido pelos miiltiplos
factores de risco (genéticos e ambientais), pode
ser consideravelmente maior que a soma dos
riscos individuais

4. Este trabalho suscita, de forma inovadora,
a possibilidade de tentativa de compreensdo
do risco genético em termos globais, pela
constelagdo de polimorfismos envolvidos, e ndo
por cada alteracéo génica isolada.
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