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ABSTRACT

In the coronary artery diseases (CAD), there are many genes whose products are involved in the development of the disease and for
which a genetic polymorphism has been described. Among these, the gene for the angiotensin converting enzyme (ACE) presents a
polymorphism of insertion/deletion. The aim of this study was to investigate for the first time a possible association between the
ACE genotype and the incidence of myocardial infarction (MI) in Algerian population. In a case-control study, frequencies of the ACE
genotypes were compared in 159 unrelated patients with Ml and 160 healthy unrelated individuals as a control group. The following
variables were determined for each patient: age, sex, BMI, smoking history, diabetes, hypertension, total-cholesterol (Chol), low-
density lipoproteins (LDL), high-density lipoproteins (HDL) and triglycerides (TG). The ACE I/D polymorphism was assessed by the
PCR amplification. Univariate (chi square) analyses were applied to determine the association between I/D polymorphism (with
genotype ID as reference) and MI. P< 0.05 was considered statistically significant. In the present study, the distribution of the DD, ID
and Il genotypes were 38.77%, 46.25% and 14.96% respectively in patients and 30%, 61.42% and 8.17% respectively in controls. In
the overall study sample, the frequencies of DD and ID genotypes were higher than the frequency of Il genotype. The DD genotype
was significantly more frequent in groups with MI compared to controls (38.99% vs. 30%; p=0.02). A significant association was
noted between ACE polymorphism and M, thus the genotype DD appears to be important cardiovascular risk factor in the Algerian

population.
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INTRODUCTION

oronary artery diseases (CAD), the main cause of

death in industrialised countries, are influenced by

environmental and genetic factors. Although the
recognition of a number of environmental risk factors has
led to important advances in the prevention and
treatment of the disease, the role of non-conventional
risk factors remains undefined*? In the last few years,
great interest has been focused on genetic factors with
the intention of finding common markers that could
identify a subgroup of patients at higher risk of death or
with a worse prognosis in which new therapeutic timings
and interventions could be tested. One important novel
genetic factor is the insertion/deletion (I/D)
polymorphism of the Angiotensin converting enzyme
(ACE)®.

ACE catalyses the conversion of angiotensin | to
angiotensin I, a vasoactive peptide, and inactivates
bradykinin, a potent vasodilator*>. The great variety of
cardiovascular effects mediated by these vasoactive
peptides and the efficacy of ACE inhibitors in the
treatment of hypertension and heart failure emphasize
the prominent role of ACE in the cardiovascular system'.
The I/D polymorphism of the ACE gene is characterised by
the presence (l) or absence (D) within intron 16 of a 287
bp nonsense DNA domain. This polymorphism results in
three  genotypes: insertion  homozygote  (I/1),
insertion/deletion heterozygote (I/D) and deletion

homozygote (D/D)"".

The ACE I/D polymorphism is not only effective in playing
a role in hypertension®® and diabetes® but also
participates in cardiac complications'*** and several
pathophysiological conditions™". Several studies have
shown that the DD genotype is associated with higher risk
for myocardial infarction (MI)*>*’. However reports on
the association of the ACE gene I/D polymorphism, in
addition to being controversial in various other
studies'®™*, are relatively lacking among Algerian patients
with MI. Therefore, this work was planned to investigate
a possible association between the genetic 1I/D
polymorphism of the ACE gene and MI among cases from
east region of Algeria.

MATERIALS AND METHODS
Study population

The study population consisted of 319 cases sub-divided
into two groups. On the one hand a case group of 159
patients (110 men and 49 women) with a myocardial
infarction, diagnosed by experienced cardiologists, taken
from those admitted in the cardiology department, the
University Hospital of Constantine, Algeria. On the other
hand, a control group consisted of 160 healthy unrelated
volunteers with no personal or family history of
cardiovascular diseases.

Clinical data involved analysis of standard coronary risk
factors such as age, sex, diabetes, hyperlipidaemia [total
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cholesterol (TC)>2.10 g/l, triglyceride (TG)> 1.50 g/I, Low
density lipoprotein (LDL) > 1.30 g/ and High density
lipoprotein (HDL) < 0.38 g/I, references of ABADIZO],
smoking history, arterial hypertension (hypertension was
defined as a systolic blood pressure of 160 mmHg higher,
a diastolic blood pressure of 95 mmHg or higher, or both)
and obesity (body mass index BMI >30 kg/m2) were
collected from each patient. All the subjects responded to
a guestionnaire on their medical history and life style. In
addition, an informed consent was obtained from all
participants. The study was approved by the local Ethical
Committee.

Biochemical analysis

The serum concentrations of TC, TG and HDL were
measured by standard methods used in the clinical
laboratory of the hospital. LDL levels were calculated by
the friedewald formula®.

DNA analysis

Genomic DNA was extracted using NaCl method from
EDTA anticoagulated peripheral blood samples. The ACE
I/D  polymorphism was genotyped by standard
polymerase chain reaction (PCR) using the forward primer
5' -CTG GAG ACC ACT CCC ATC CTT TCT-3' and reverse
primer 5 -GAT GTG GCC ATC ACA TTC GTC AGA T-3'. PCR
amplification used 25 pl reaction volumes, and consisted
of 2.5 ul of 10X reaction buffer, 20 p M of each primer, 2
m M of deoxynucleotide triphosphates (d NTPs), 1.5m M
of magnesium chloride (Mg Cl;), 1 unit of tag DNA
polymerase (biomatik) and 0.5 pg genomic DNA. PCR was
done with an initial denaturation at 94°C for 1 minute.
Then the DNA was amplified for 30 cycles with
denaturation at 94°C for 30 seconds, annealing at 65.8°C
for 30 seconds and extension at 72°C for one minute
followed by final extension at 72°C for 8 minute. PCR
products were separated on 2% agarose gel stained with
ethidium bromide and visualized under ultra violet (UV)
light.

In the case of deletion (D allele) and insertion (I allele), a
190 bp fragment band and a 490 bp fragment were
obtained, respectively. Therefore, there were three
genotypes after electrophoresis: a 490 bp band (Il
genotype), a 190 bp band (DD genotype) and both 490 bp
and 190 bp bands (ID genotype). In heterozygous samples
a third band, assumed to represent a heteroduplex DNA
product, was commonly seen.

Because the D allele in heterozygous samples is
preferentially amplified, each DD genotype sample was
confirmed by an additional PCR amplification with a
primer pair specific for the insertion sequence (ACE
forward 5 ' -TCG GAC ACC AGC CCG CGC ACC TAC-3' and
ACE reverse 5" -TCG CCA CCG CTC CCA TGC CCA TAA-3),
with identical PCR conditions except for the annealing
temperature of 64.5 °C. The reaction yielded a 335 bp
amplicon only in the presence of an | allele and no
product when the samples were homozygous for DD.
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1.38% of ID genotypes were mis identified as DD in the
current study.

Statistical analysis

Statistical analysis was performed using the epi info 6.0.

The frequencies of the studied alleles and genotypes
among the case patients and controls were counted and
were compared by the chi-square test.

Associations were expressed as adjusted odds ratio (OR)
with 95% confidence interval (95%).

A p value of <0.05 was considered statistically significant.
Numerical values are presented as means +/- standard
deviation (SD).

RESULTS
Patients' characteristics

The base line characteristics of both groups are presented
in table 1

Tablel: Clinical and biochemical characteristics of the
study groups

Cases Controls
Characteristics
(n=159) (n=160)
Age (yr+ SD) 57.26 + 13.66 42.61 +15.36
sexe (M/F) (%) 69.18/30.81 58.12/ 41.88
Smoking (%) 35.85 0
Hypertension (%) 24.53 0
Diabetes (%) 27.04 0
Obesity (%) 16.35 12.74
TC(g/I% SD) 1.80+0.43 1.76 £0.34 g/|
TG (g/1 + SD) 1.50 +0.59 1.12 +0.55**
LDL (g/1 £SD) 1.16 + 0.67 1.01+0.22*
HDI (g/1 +SD) 0.39+0.12 0.44+0.19%

*p< 0.05; ** p<0.01; yr: years; = SD: standard deviation; M: male, F:
female; TC: total cholesterol; TG: triglyceride; LDL: low density
lipoprotein; HDL: High density lipoprotein.

The mean age of patients and controls in the study
sample were 57.26 + 13.66 years and 42.61 + 15.36 years
respectively with an age range of 20 and 93 years for
cases and 21 and 82 years for controls.

In patients, there were 69.18% males and 30.81 %
female. Of them 35.85% were smokers, 27.04% were
diabetics, 24.53% were hypertensive and 16.35% obese.
Results of the distribution of other several risk factors
among patients reflect the expected differences in the
prevalence of recognised risk factors.

Cases were older, more likely to be male. Furthermore,
their lipid profile was unfavourable compared to controls.

They had a higher TC, TG and LDL levels. Their HDL level
was lower than that of controls.
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ACE genotyping

Allele and genotype frequencies for the /D
polymorphism of the ACE in a sample of patients with Ml
compared to controls are shown in table 2.

Results showed that the frequency of D allele carriers
(subjects with ID and DD genotypes) was higher than the
frequency of the Il genotypes in cases and controls. The
overall frequencies of genotypes DD, DI and Il were
38.99%, 46.54% and 14.46% respectively in patients and
30%, 61.87% and 8.12% respectively in controls.

The observed genotype frequencies are in agreement
with  frequencies predicted by Hardy-Weinberg
equilibrium. Compared to controls, cases had a
significantly lower frequency of the ID genotype (46.54 %
vs. 61.87 %), but with a significantly higher frequency of
the DD genotype (38.99 % vs. 30 %. p= 0.02). In short, it
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was found that the DD genotype was associated with a
significant increase in the risk of MI [OR= 1.73, 95%Cl
(1.07-2.8)].

Regarding allele frequency, the D allele was the
predominant in both group rather than the | allele
(62.26% vs. 37.73% respectively in case group and 60.93
% vs. 39.06 % respectively in control group). However
when compared to controls, the D allele frequency
showed no significant difference between cases and
controls.

Comparing ACE I/D genotype frequencies in cases-sub
groups related to each single risk factor, such as age, sex,
hyperlipidaemia, diabetes, hypertension and obesity are
shown in table 3. None of the recognised risk factors
shown in table 3 had a significant association with the
ACE 1/D polymorphism genotype except for smoking.

Table 2: Distribution of ACE genotype and allele frequencies in the study subjects

Cases (n %)

ID 74 (46.54%)
DD 62 (38.99%)

1 23 (14.46%)

D allele 198 (62.26%)
| allele 120 (37.73%)

Controls (n %) OR (95% IC) p*
99 (61.87%)
48 (30%) 1.73(1.07-2.8)  0.025*
13 (8.12%) 2.37(1.13-499)  0.02*
195 (60.93%)  1.06 (0.77-1.46) 0.72
125 (39.06%)

D: deletion; I: insertion; OR (95%Cl): odds ratio (95% confidence interval); p*: values obtained through chi-square analysis of the differential genotypes.

Table 3: Association of ACE genotype with other risk factors

DD
(n=62)
Age 56.73 +13.86
Sexe (M/F) 47/15

Hypertension (12) 19.35%
Smoking (25) 40.32%
Diabetes (18) 29.03%
Obesity (12) 19.35%
TC>2.109/1 (13) 20.96%
TG>1.50 g/l (20) 32.25%
LDL>1.30 g/I (14) 22.58%
HDL<0.38 ¢/I (19) 30.64%

DI Il
(n=74) (n=23) p
56.85 + 14.32 60.04 +10.87
51/23 12/11
(19) 25.67% (8) 34.78% 0.092
(24) 32.43% (8) 34.78% 0.008*
(18) 24.32% (7)30.43% 0.059
(8) 10.81% (4) 17.39% 0.13
(14) 18.91% (4) 17.39% 0.059
(16) 21.62% (8) 34.78% 0.078
(15) 20.27% (5)21.73% 0.068
(18) 24.32% (8) 34.78% 0.084

M: male; F: female; TC: total cholesterol; TG: triglyceride; HDL: High density lipoprotein; LDL: low density lipoprotein; *p<0.05.

DISCUSSION

Heritable factors, in combination with a number of
recognized environmental risk factors, are important
determinants of the pathogenesis and natural history of
ischemic heart disease. The notion that the presence of
the D allele may identify ACE as one of the genes
contributing to an increased risk of ischemic heart disease

is both intriguing and provocative. The range of
hemodynamic effects of an activated renin-angiotensin
system, in the context of a correlation between the ACE
genotype and plasma ACE activity, is compatible with the
concept of an increased risk of MI conferred by the DD
genotype. Our results support the postulated role of the
ACE genotype as a marker for Ml.
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The frequency of the ID genotype in our controls group
was two times much as the DD genotype (61.87% and
30% respectively). This figure is in agreement with the
previous published data in Poland, Japan and Germany in
which ID genotype frequency, among the control group,
was one and a half to two times as much as the DD??**,

Regarding the distribution of the ACE genotypes, this
study showed a significant association between the DD
genotype and the risk of MI [OR=1.73, 95% CI (1.07 - 2.8);
p= 0.025]. This finding is consistent with the results of

some®*?, but not all previous studies®%.

Cambien and co-workers were the first to observe an
increased prevalence of the ACE DD genotype in patients
with a history of MI™®. Since, many researches on the
relation of the ACE I/D polymorphism to CAD and MI tried
to confirm those data. Our study is the first in Algeria
which investigate the I/D ACE polymorphism association
with MI. Reports on this association in Maghreb are in
agreements with our results. Nevertheless, the frequency
of DD genotype is higher in Tunisia and Morocco
compared to our results. For instance, Bennouar noted
that the RR was 19.10 with DD homozygotes patients
(67.38%), while the RR with ID heterozygote (29.79%) was
6.91 in the Moroccan population®. Obtained results in
two Tunisian studies showed a raised relative frequency
of DD genotype among patients affected with history of
Ml (51.4% and 52.78% respectively in the two
studies)"%,

Significant differences can be noticed between the
European populations. The Greek population has the
highest D allele frequency (0.616)°, where the lowest
(0.435) is reported in the Polish population®. In the rest
of the European countries, the D allele frequency varies
from 0.49 to 0.53%**. The results of a case-control study
in first acute myocardial infarction (AMI) cases matched
by age and sex to controls with non-cardiac diseases
support an increased risk of AMI in Colombian subjects
<60 years with ACE DD genotype35. Dhar concluded that
both DD [OR=2.16; 95%Cl (60.60-67.40)] and ID
[OR=1.48.95 % CI (93.28 - 97.72)] genotypes of the ACE
gene came out to be predisposing factors for the CAD
cases’. Metta have examined the association of the ACE
gene insertion/deletion (I/D) polymorphism in IHD
patients with and without smoking and have suggested
that the D allele indeed plays a role in predisposing
individuals to IHD (OR 1.69, 95% ClI 1.139 to 2.517,
p=0.009) as compared to | allele®.

On the other hand, the first study to report results in
disagreement with the data of Cambien and our results;
was that of Bohn®’, who found a lower frequency of the
ACE DD genotype in 234 survivors of M.

Moreover, Lindpaintner found no association in patients
confirmed coronary artery disease and ACE genotype®.
Likewise, Buraczynska failed to confirm the role of ACE
genotype as an independent risk factor in CHD®. In a
case-control study of MI patients and controls from the
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general population as well as a family study neither
association nor linkage of the ACE D allele with Ml was
detected”.

The results of a meta-analysis performed by Zhang that
included Fifty independent publications, with 10 070
stroke cases and 22 103 controls, identified by searching
PubMed and Embase through February 2012, provided
evidence of the association between the ACE 1/D
polymorphism and stroke risk, supporting the hypothesis
that the ACE I/D polymorphism may be a low-penetrance
susceptibility marker of stroke. Subgroup analyses
indicated that this risk was more pronounced among
Asians, hospital-based studies, and small vessel disease™’.
More recently, Zhao (2015) by a meta-analysis including
eight studies have also concluded that the ACE I/D
polymorphism may be a risk factor for Ml in the Chinese
Han population (Il vs. DD: OR = 0.40, 95%CI = 0.31-0.53; Il
vs. DI: OR =0.72, 95%CI = 0.57-0.91; the dominant model:
OR = 1.74, 95%Cl = 1.41-2.16; the recessive model: OR =
0.47, 95%Cl = 0.38-0.60)".

These conflicting results illustrate the difficulty of studies
of association in multifactorial pathologies such as MI.
Some of the advanced explanations are differences in the
criteria used to select the patients and controls and the
possibility of differences in the ethnic and genetic
background in the samples examined.

CONCLUSION

From this study, we conclude that the ACE gene I/D
polymorphism probably have some association with MI.
Particularly if integrated with other environmental and
genetic risk factor. The study of new risk markers of CAD
(ACE I/D polymorphism) provides a potential tool for
determining metabolic and genetic susceptibility of
atherosclerosis in Algerian population.
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