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ABSTRACT

Introduction: Endothelial nitric oxide synthase (eNOS) affects nitric oxide
(NO) level in the blood vessel wall, and therefore eNOS might be consid-
ered as candidate gene for myocardial infarction (MI). To investigate the
impact of genetic polymorphisms of eNOS on MI in Slovenian population
with type 2 diabetes, we searched for the association between the 4a/b
polymorphism of the eNOS gene and MI in subjects with type 2 diabetes.
Methods: One hundred and fifty nine subjects with type 2 diabetes and MI
were compared to 290 diabetic subjects without coronary artery disease
(CAD). Chi-square test was used to compare discrete variables, and con-
tinuous clinical data were compared by unpaired students t test.

Results: In this study the AA genotype of the eNOS 4a/b polymorphism
was not associated with MI in diabetics (OR = 1.3,95% CI1 0.6-2.8, P = 0.5).
Conclusion: We failed to demonstrate that the 4a/b polymorphism of the
eNOS gene was associated with MI in Slovene type 2 diabetic patients,
therefore it may not be used as a genetic marker for MI in Slovene type 2
diabetic patients.

Keywords: eNOS 4 a/b gene polymorphism, myocardial infarction, diabetes
mellitus

INTRODUCTION

endothelial NO has an important artheroprotective
rOle.1'2‘3’4’5'6

In the last 20 years the traditional understanding of
vascular endothelium as a semi-selective barrier to
the diffusion of macromolecules from blood vessels
to interstitial space has evolved dramatically.l2345
Numerous additional functions of endothelium have
been identified, one of them being the synthesis of
nitric oxide (NO), which is involved in modification
of blood pressure and vessel tone.3>*% Not only has
NO vasodilatating functions, it also inhibits leuko-
cyte adhesion, platelet aggregation, vascular smooth
muscle growth and oxidation of low-density lipopro-
tein (LDL) cholesterol."® These actions suggest that

Endothelial NO is synthesized by endothelial NO syn-
thase (eNOS) which is constitutively expressed in the
endothelium. The gene encoding eNOS is located on
the chromosome 7g35-36 and contains 26 exons which
span 21 kolobases.” A 27 base pair (bp) repeat in the in-
tron 4 of the eNOS gene (eNOS 4a/b) was the first of the
gene polimorphisms to be identified as a genetic mark-
er for coronary arthery disease (CAD) after Wang and
co-workers found a correlation between homozygosity
for the eNOS 4a allele and increased risk for CAD in cur-
rent and ex-smokers.? Many subsequent studies from
Europe, USA and Japan gave contradictory results.®®
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Table 1. Characteristics of patients with MI and controls

Characteristics Ml group Controls p

n (%) n (%) Value
Number 159 290
Age (years) 59.2+11.2 66.5+10.2 <0.001
Male sex 103 (64.8) 133 (45.9) <0.001
BMI (kg/m?) 28.8+3.6 27.9+4.5 0.03
Arterial hypertension 103 (64.8) 203 (70.0) 0.9
Smoking habit 53 (33.3) 43 (14.8) <0.001
Diabetes duration (years) 21.617.4 17.8+8.4 0.003
Total cholesterol (mmol/l) 5.9+1.4 5.5+1.3 0.007
HDL cholesterol (mmol/I) 1.1+0.3 1.2+0.4 0.027
LDL cholesterol (mmol/I) 3.7£1.3 3.2+#1.0 <0.001
Triglycerides (mmol/I) 2.4+1.4 2.5+1.7 0.6

To investigate the impact of genetic polymorphisms
of eNOS on myocardial infarction (MI) in Slovenian
population with type 2 diabetes, we searched for the
association between the 4a/b polymorphism of the
eNOS gene and MI in subjects with type 2 diabetes.

MATERIALS AND METHODS

The study population of this cross-sectional analysis
consisted of 449 subjects with type 2 diabetes last-
ing more than 10 years: 159 with MI and 290 subjects
in the control group with no history of CAD, no signs
of ischemic changes on electrocardiogram and no
ischemic changes during submaximal stress testing.
The diagnosis of MI was made according to the cri-
teria by World Health Organization. Patients with MI
were included in the study 1-9 months after the acute
event. The patients and control subjects came from
independent families. The data and blood samples
of age-matched controls were obtained from general
practitioners. The controls did not have a history of
angina pectoris or MI, and had a normal electrocar-
diogram. All the subjects enrolled in the study were
Slovenes of Slavic origin. After informed consent was
obtained from the patients and control subjects, a de-
tailed interview was made. Arterial hypertension and
cigarette smoking were defined as binary variables.
Patients were classified as having type 2 diabetes ac-
cording to the current American Diabetes Association
criteria for the diagnosis and classification of diabetes

Expert Committee.!® Body mass index (BMI) was cal-
culated as weight in kilograms divided by the height
in square meters. Total cholesterol, low density lipo-
proteins (LDL), high density lipoproteins (HDL) and
triglycerides were determined by standard biochemi-
cal methods.

The eNOS 4a/b gene polymorphism was analyzed
as described previously.>'! Genotyping was performed
by two researchers (K. P, D.P.), blinded for case or con-
trol status of the patients. Chi-square test was used to
compare discrete variables.

Differences in mean values were analyzed by Student
t-test. Chi-square test was used to compare discrete
variables and to compare genotype distributions. Geno-
typic odds ratios for MI with 95% confidence intervals
with two-tailed p-values were calculated by Chi-square
test. Statistical analysis was performed using the SPSS
program 16 for Windows (SPSS Inc. Illinois).

RESULTS

The characteristics of the cases and control subjects
are listed in Table 1. The cases were younger, pre-
dominantly of male sex and had a higher incidence of
cigarette smoking compared to the control group. Ad-
ditionally they had higher total cholesterol and low-
density lipoprotein cholesterol levels, higher body
mass index, longer duration of type 2 diabetes, and
slightly lower high-density lipoprotein cholesterol
levels than the controls. There were no significant dif-
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Table 2. Distribution of eNOS genotypes/alleles in patients with myocardial infarction (cases)
and in those without coronary artery disease (controls).

Cases Controls Odds ratio (95%
Genotype/allele P . .

n (%) n (%) confidence interval)
AA genotype 11 (6.9) 16 (5.5)
AB genotype 48 (30.2) 87 (30) 0.5? 1.3(0.6-2.8)*
BB genotype 100 (62.9) 187 (64.5)
Total 159 290
a allele 70 (22) 119 (20.5)

0.6?

b allele 248 (78) 461 (79.5)

ferences in the incidence of hypertension and triglyc-
eride levels between the cases and control subjects.
The eNOS genotype distribution in patients (MI
group) and controls were compatible with Hardy-
Weinberg expectations (Table 1; MI group x2 = 1.639,
p = 0.2; controls x2 = 1.865, p = 0.2). In cross-section-
al study we failed to demonstrate an association be-
tween the AA genotype of the 4a/b polymorphism of
the eNOS gene and MI in patients with type 2 diabetes
(OR=1.3;95% CI 0.6-2.8; p = 0.5) (Table 2).

DISCUSSION

Our study failed to demonstrate an association be-
tween the AA genotype of the 4a/b polymorphism of
the eNOS gene and MI in the Slovene population with
type 2 diabetes. The results of our study are in agree-
ment with previous reports in Slovene population
(Caucasians) in general population. Letonja reported
in 2004 that the 4a/b polymorphism of the eNOS gene
was not associated with severity of CAD in Slovene
women.!? Similarly, this polymorphism did not have a
major impact on lipid parameters and premature CAD
in Slovene men.™ Our findings differ from the results
of studies made on Caucasian Australian patients,!?
Japanese,'* African Americans® and in Turkish popu-
lation.’®

The frequencies of the eNOS genotypes in our dia-
betic patients with CAD (6.9%, 30.2% and 62.9% for
the AA, AB and BB genotype, respectively) were simi-
lar to the frequencies reported in Slovene men (5%,
27.9% and 67.1%),"* Slovene women (4%, 27.2% and
69.1%)" and in Turkish MI patients (4.3%, 26.6%
and 69.1%).'® The frequencies of the eNOS genotypes
in our diabetic patients with CAD, on the other hand,
differed from the frequencies reported in Caucasians

from Australia (1%, 32% and 67%),"* and Japanese
(2%, 23% and 75%)."* Compared to the frequency of
the eNOS genotype distribution in our control group
(5.5%, 30% and 64.5% for the aa, ab and bb genotype,
respectively) it can be assumed that genetic heteroge-
neity among different populations might be the cause
of different affect of the 4a/b polymorphism of the
eNOS gene on the prevalence of CAD.

We presume that the lack of an association between
the 4a/b polymorphism of the eNOS gene and MI in
our study may be due to a multifactorial nature of the
MI. Besides, controversial results of association stud-
ies may be explained by differences in study design
or by genetic heterogeneity within and between the
populations from which the samples were derived.

In conclusion, we failed to demonstrate that the
4a/b polymorphism of the eNOS gene was associated
with MI in Slovene type 2 diabetic patients, therefore
it may not be used as a genetic marker for MI in Slo-
vene type 2 diabetic patients.
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