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Abstract

Introduction: The rupture of atherosclerotic plaques is caused by the impact of matrix metalloproteinases
(MMPs) upon the local fibrous valve and so might convert a chronic disease to a myocardial infarction, ultimately
leading to instant death. Angiotensin converting enzyme (ACE) is actively engaged in the pathogenesis of
ischemic heart disease. This study tries to unravel whether/how ACE and MMP-2 gene polymorphism contributes
to the occurrence of Coronary Artery Disease (CAD).

Materials and methods: A total of 300 individuals (100 healthy/200 patients) were included in the study. APCR-
RFLP method was utilized for ACE gene I/D and DNA sequencing MMP-2 (-1306 C/T) polymorphisms.
Results: The ACE-1 gene D/D, I/D and I/l genotype frequency of the CAD cohort was 50%, 29%, and 21%,
respectively whereas that of the healthy control cohort was 37%, 45% and 18%, respectively. Our findings
indicate that the groups differed significantly in relation to the ACE-1 genotypes (p=0.021). The frequencies of
ACE-1 gene allele | and D in both cohorts did not reveal a significant difference (p=0.314). In addition, the two
groups did not manifest MMP-2 (rs243865) gene polymorphism.

Conclusion: The association between MMP-2 gene polymorphism and CAD is too weak to suggest a conclusive
evidence. The I/D genotype frequency remained higher in the healthy individuals than in the CAD cohort, while
in the CAD group D/D genotype was more frequently than control group. Finally, the patients with D/D genotype
tend to bear greater risk for cardiovascular diseases.

Key words: MMP-2 gene polymorphism, ACE-1 gene polymorphism, coronary artery disease, Turkish
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Oz

Giris: MMP'lerin lokal fibroz kapak Uzerindeki etkisi aterosklerotik plaklarin kopmasina yol agar ve sonug
olarak kronik bir hastaligi akut miyokard enfarktiisiine gevirerek ani 6lime sebep olabilir. ACE (Anjiotensin
dondstirici enzim)'nin gesitli biyolojik eylemleri iskemik kalp hastaliginin patogenezinde yer alir. Bu nedenle biz
de galismamizda anjiotensin converting enzim (ACE) ve matrix metalloproteinaz 2 (MMP-2) gen polimorfizminin
KAH gelisimindeki roliini degerlendirmeyi amacladik.

Gereg ve yontem: Calismaya toplamda 300 gonilli (100 saghkli/200 hasta) dahil edildi. ACE gen I/D igin PCR-
RFLP yéntemi ve MMP-2 (-1306 C/T) polimorfizmi igin DNA dizi analizi yontemi uygulandi.

Bulgular: Gruplar arasinda ACE-1 genotiplerine bakildiginda CAD grubunda D/D genotip frekansi %50, 1/D
genotip frekansi %29, I/l genotip frekansi %21; kontrol grubunda D/D genotip frekansi %37, I/D genotip frekansi
%45, 1/l genotip frekansi %18 olarak saptanmistir. Gruplar arasinda ACE-1 geni genotipi agisindan anlamli fark
mevcuttur (p=0,021). CAD grubunda ise D/D genotip frekansi kontrol grubuna goére daha ytiksektir. ACE-1 geni
alleli sayilarina bakildiginda her iki gruptaki | ve D allel frekanslari benzerdir ve istatistiksel olarak anlamli fark
mevcut degildir (p=0,314). Buna ek olarak, iki grup MMP-2 (rs243865) gen polimorfizmi gdstermedi.

Sonug: Bu galisma MMP-2 (rs243865) gen polimorfizmi ile koroner arter hastaligi arasinda bir iliski olmadigini
gostermistir. I/D genotip frekansi kontrol grubunda KAH grubuna goére daha yliksek, D/D genotip frekansi ise
KAH grubunda kontrol grubuna gére daha yliksekti. D/D genotipli hastalarda KAH hastaligi riski artmistir.
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Introduction

As proteolytic enzymes, matrix
metalloproteinases (MMPs) can degrade the
extracellular matrix components responsible
for regeneration of the connective tissue in
regular biological events [1, 2]. The rupture of
atherosclerotic plaques is caused by the impact
of matrix metalloproteinases (MMPs) upon the
local fibrous valve and so might convert a chronic
disease to a myocardial infarction, ultimately
leading to instant death [2]. Vascular remodeling
is a determinant of main vascular pathologies,
such as atherosclerosis and restenosis, and
the regulation of the MMP system is commonly
acknowledged to be key to vascular remodeling
and atherosclerosis [3]. Smoking, diabetes
mellitus, homocysteine, and elevated lipid levels
are known as the major drivers of oxidative
stress in blood vessels, thereby activating
MMPs [4]. One possible candidate gene closely
linked with coronary artery disease (CAD) is
MMP-2 (also called gelatinase A), whose main
function is the hydrolysis of gelatin and type IV
collagen [4, 5].

Various pathways of angiotensin converting
enzyme (ACE) are actively engaged in the
pathogenesis of CAD [6, 7]. Activation of
angiotensin | and bradykinin inactivation lead to
decreased tissue perfusion [8]. Furthermore, the
induction of angiotensin-induced plasminogen
activator inhibitor causes CAD, creating
occlusive coronary thrombus formation [8,
9]. In addition, the stimulation of angiotensin-
induced growth is involved in the pathogenesis
of cardiac hypertrophy and ventricular
remodeling [10]. Serum and tissue ACE levels
are closely linked with the insertion/deletion
(I/D) polymorphism in the ACE gene. In persons
with homozygous D alleles at the angiotensin
Il level, the lack of 287 base pairs in the 16™
intron of the ACE gene in the chromosome 17
is higher than those with the heterozygous or
homozygous allele. The effects of ACE gene
polymorphism on cardiovascular diseases were
studied previously, and the relationship between
left ventricular hypertrophy and ACE gene
polymorphism is widely recognized by scholars.
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Accordingly, the fact that the left ventricle and
heart mass are larger in individuals with D/D
genotype is well-established and empirically
confirmed. The association between HT and
ACE gene polymorphism has also come under
close scrutiny [2, 11-13]. Previous research
findings on ACE gene polymorphism have
suggested that it may act as a genetic marker
in the development of various cardiovascular
diseases, yet these studies have Yyielded
inconsistent and contradictory results thus far [8,
14-20]. Against this background, this study tries
to unravel whether/how ACE and MMP-2 gene
polymorphism contributes to the occurrence of
Coronary Artery Disease (CAD).

Materials and methods

This prospective study tried to explore matrix
metalloproteinase 2 and angiotensin converting
enzyme gene polymorphism in patients with
ischemic heart disease. This clinical trial was
performed in the Emergency Department of
Faculty of Medicine in Pamukkale University
between January 1 and December 31, 2018.

Prior to the study, the approval was granted
from Pamukkale University Non-Invasive
Clinical Research Ethics Committee (with the
decisions of the Board of Directors numbered
05, dated 06.03.2018). The informed consent
form was obtained from all of 300 subjects (100
healthy control group and 200 patients aged
between 18 and 91) in accordance with the
Helsinki Declaration.

Selection of participants
Inclusion criteria

o Diagnosis of CAD of patients included
in the patient group

° The control group’s being healthy and
having low risk in terms of risk classification

° Being over 18 years old
Exclusion criteria

° The presence of any heart disease
other than CAD in the patient group
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o The presence of any cardiac disease
or CAD in the control group

o Being under 18 years old
Genomic DNA isolation

The standard phenol-chloroform isolation
method was utilized to isolate the genomic DNA
from peripheral blood, and the resulting DNAs
were stored at —20°C.

Analysis of ACE gene polymorphism

ACE gene /D polymorphism wasinvestigated
through the PCR-RFLP method, whereas F-5’-
CTGGAGACCACTCCCATCCTTTCT-3T and
R-5-GATGTGGCCATCACATTCGTCAGA T-3
primers were utilized in the PCR reaction [21-
23]. According to their distinction in agarose gel
electrophoresis, genotypes of PCR products
were specified as D (deletion 190bp) and |
(insertion 490 bp).

Polymorphism analysis of MMP-2 (-1306
CIT) (rs243865) gene

The PCR (Polymerase Chain Reaction)
method was used to amplify the MMP-2 (-1306
C/T) gene specific region by through the primers
F-5'-ATAGGGTAAACCTCCCCACATT-3 and
R-5-GGTAAAATGAGGCTGAGACCTG-3' [24].
In addition, polymorphic focus was specified
by DNA sequence analysis by using the same
primers.

Statistical analysis

Though the power analysis calculated that,
with the polymorphism prediction of 30% in the
CAD group and 5% in the control group, at least
27 people were needed for each group at 80%
power and 95% confidence interval, our study
included 300 patients (200 patients and 100
healthy volunteers).

SPSS 17.0 program was used for performing,
and the statistical significance level was set at
p<0.05. The normality distribution of the dataset
was investigated by Shapiro-Wilk test, whereas
Pearson Chi-Square and Fisher’s Exact Tests
were compared in 2x2 eyes. Kruskal Wallis Test
was used while non-parametric data were being
analyzed for more than two groups.

Results

A total of 300 people, 200 of whom were
patients (66.67%) and 100 of whom were
healthy volunteers (33.33%), were included in
the study; and of these individuals, 189 (63%)
were male, while 111 (37%) were female. There
were 14 patients (7.00%) with CVD, 22 (11.00%)
with Chronic Obstructive Pulmonary Disease
(COPD), 55 (27.50%) with diabetes mellitus
(DM), 65 (32.50%) with Hypertension (HT) and
17 (8.50%) with Hyperlipidemia (HL).

When the baseline laboratory and
demographic data of the control and CAD
groups were analyzed, the mean age of the CAD
group turned out to be 68.26+£11.83. Moreover,
the mean creatinine, WBC, hemoglobin, hs
Troponin, and CKMB values were found to be
1.13+£0.60 mg/dl, 9.79+4.36 K/ul, 13.14+2.22
g/dl, 0.09+0.045 ug/L, and 4.65+8.30 ug/L,
respectively. On the other hand, the mean age
in the control group was 39.05+17.92, whereas
the mean creatinine, WBC, hemoglobin, hs
Troponin, and CKMB values were calculated
as 0.72+0.23 g/dl, 10.33+£9.31 K/ul, 12.81+£1.95
g/dl, 0.008+0.009 ug/L, and 2.25+1.34 ugl/L,
respectively (Table 1).

Given the between-group differences in the
D/D, I/D and I/l ACE-1 genotypes frequency
of the CAD cohort was 50%, 29%, and 21%,
respectively whereas that of the healthy control
cohort was 37%, 45% and 18%, respectively.
Our findings indicate that the groups differed
significantly in relation to the ACE-1 genotypes
(p=0.021). Besides, the I/D genotype turned out
to be more frequent in the healthy control group,
while D/D genotype was observed to be more
common in the CAD cohort. In terms of ACE-1
gene allele, the frequencies of | and D alleles
in both cohorts did not reveal a significant
difference (p=0.314). In addition, the two groups
did not manifest MMP-2 gene polymorphism
(Table 2-4).

As far as the relationship between ACE-1 I-D
polymorphism and laboratory parameters in the
CAD group is concerned, the creatinine, CRP,
WBC, Hemoglobin, hsTrop and CKMB values
did not correlate with genotypes (Table 3).
Likewise, the findings about ACE-1 genotypes
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Table 1. Baseline statistics of the groups

CAD Control

Mean*SD Median (IQR) Mean*SD Median (IQR)
Age 68.26+11.83 70.00 (62-77) 39.05+£17.92 35.00 (22-52.75)
Creatinine 1.13£0.60 0.96 (0.8-1.26) 0.7240.23 0.68 (0.58-0.78)
WBC 9.79+4.36 8.84 (6.95-11.75) 10.3349.31 9.16 (7.37-11.36)
Hb 13.14+2.22 13.05 (11.8-14.72) 12.81+1.95 12.85 (11.6-14.17)
hsTnT 0.09+0.045 0.02 (0.013-0.043) 0.008+0.009 0.006 (0.004-0.009)
CKMB 4.65+8.30 2.29 (1.54-3.93) 2.25+1.34 2.11 (1.16-3.1)

Hb. hemoglobin; hsTnT. high sensitive troponin T
WBC: White blood cell

CKMB: Creatine kinase MB

IQR: Inter Quantile Range

Table 2. Frequencies of ACE-1 insertion-deletion polymorphism and MMP-2 polymorphism in CAD

and control groups

CAD Group Control Group .
P
n % Allel frequence n % Allel frequence
ACE-1 Inser- !/ 42 (21.00) | 035 18  (18.00) | 0.41
:!°"&De'e' IID 58 (29.00) D 065 45 (45.00) D 059 0.021
ion
D/D 100 (50.00) 37  (37.00)
wi/wt 200  (100.00) wt 1.0 100  (100.00)  wt 1.0
MMP-2 wt/mt - mt 0 - mt 0 N/E
mt/mt - -

*p values are derivated from Chi square Test
N/E means “not estimated”

wt: wild-type

mt: mutant-type

and laboratory parameters related to lipid profile
in patients in CAD group yielded no significant
relationship (Table 4). By contrast, the number of
patients with hypertension in the D/D genotype
was significantly higher than those with the
other genotypes in terms of ACE-1 genotype
and comorbid diseases (p=0.035) (Table 5).

Discussion

Many reports in the relevant literature
have dealt with the ACE gene polymorphism
in patients with CAD, but these reports have
come up with inconsistent results thus far. For
instance, while some studies establish the D/D
gene polymorphism to be a risk factor in CAD
patients [16, 17], others point to the I/D gene
polymorphism as a factor contributing to CAD
[14]. In fact, there were cases in which some
studies reported similar results between the
patients and the control groups, or conversely,
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some others reported that the D/D gene
polymorphism is protective [17, 18].

The study by Nakai et al. [16] revealed that
the ACE-1*D allele was higher in the CAD
group than controls (0.58 vs. 0.42 respectively).
Observed deletion polymorphisms found higher
in ACE gene and it was related with ACE level,
thereby increasing the CAD risk. However, no
correlation was found between ACE-1 genotypes
and cholesterol levels. One study, in which
171 patients with CAD and under 55 years old
were compared with 134 healthy subjects with
respect to gene polymorphism, reported that
ACE-1 D/D genotype increased CAD risk by 2.3
times [17]. Another investigation into the effect
of I/D genotype on mortality after Ml suggested
that D/D genotype is related with lower cardiac
mortality [18]. In a study on Asian Indians by
Bhatti et al. [23], D/D genotype was observed
to be more common higher in the CAD patients
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Table 5. Genotype and comorbid disease association in CAD group

Genotype
i IID D/D
Comorbid Disease n (%) n (%) n (%) P
Yes 38(90.48) 56 (96.55) 92 (92.00)
CVD 0.430
No 4(9.52) 2 (3.45) 8 (8.00)
Yes 36 (85.71)  52(89.66) 90 (90.00)
COPD 0.744
No 6 (14.29) 6 (10.34) 0(10.00)
Yes 34 (80.95) 38 (65.52) 73 (73.00)
DM 0.230
No 8 (19.05) 20 (34.48) 27 (27.00)
Yes 35 (83.33) 39 (67.24) 61 (61.00)
Hypertension 0.035
No 7 (16.67) 19(32.76) 39 (39.00)
Yes 39(92.86)  51(87.93)  93(93.00)
Hyperlipidemia 0.512
No 3(7.14) 7 (12.07) 7 (7.00)

*p values are derivated from Chi Square Test

CVD, cardiovasculary disease; COPD, chronic obstructive pulmonary disease;

DM, diabetes mellitus

than the controls, but no difference was noted
in terms of 1/D genotype frequency, just as no
correlation emerged between ACE genotypes
and biochemical parameters in patients with
CAD. In a similar vein, Amara et al. [24] showed
that the frequency of D/D genotype remained
higher in the CAD group than the control group.
Including hospitalized patients in the coronary
care unit and comparing these patients with
the gene polymorphism with the control group,
a study carried out in Turkey revealed that
I/D gene polymorphism was more frequent in
the patient group, while that of D/D was more
recurrent in the control group [14]. However,
another study in Turkey consisting of 393
patients who underwent coronary angiography
did not identify the D/D genotype as a risk factor
[19]. On the other hand, our study found that the
frequency of D/D genotype was higher in the
CAD group, whereas that of I/D was higher in
the control group. In terms of genotype analysis,
our findings are similar to those reported by
Nakai et al. [16], Peterlin et al. [17], Fujisawa
et al. [20], Bhatti et al. [23], and Amara et al.
[24]. Different results were obtained from the
studies conducted in our country by Eren et al.
[14] and Tokg6zoglu et al. [19]. Similar to the
studies by Nakai et al. [16] and Bhatti et al. [23],
our study reports a lack of correlation between
ACE-1 genotypes and laboratory parameters
(lipid parameters and others).

Increased ACE levels in ACE gene variants
or mutations or increased ACE activities on
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vascular tissue is assumed to play a role in
the etiopathogenesis of CAD. As a matter of
fact, just as Gupta et al. [25] and Borah et al.
[26] establish D/D genotype to be associated
with hypertension, our study suggests that HT
frequency is higher in the D/D allele group than
in the other groups.

So far, some of the studies have highlighted
the importance of MMP-2 involved in the CAD
development. Yet these studies have mainly
investigated gene expression levels, but those
focusing on gene polymorphism are relatively
low.

Having evaluated MMP-1, MMP-3 and
MMP-9 in addition to MMP-2 and reported no
correlation between them, Gadherian et al.
[27] did not establish a correlation between
Ml and MMP-2 gene polymorphism. A study
carried out in Turkey included 298 patients
confirmed angiographically by pairing them
with 299 healthy volunteers in terms of
age and subsequently found no correlation
between MMP-2 gene polymorphism and CAD
development [28]. Similarly, this study reveals
no correlation between CAD and MMP-2
(rs243865) gene polymorphism.

A range of limitations might have influenced
the results of our study. For one thing, a subgroup
analysis was not performed according to clinical
parameters, such as coronary angiography
findings and the severity of CAD. In addition,
the fact that other factors which may constitute
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risk factors for CAD have not been considered
within the framework of this study could be
stated as a limitation.

As a result, the clinical evidence derived from

the data in this study suggests a lack of marked
relation between CAD and MMP-2 (rs243865)
gene polymorphism. The |/D frequency of
the genotype remained higher in the healthy
individuals, while D/D genotype was more
frequently found in the CAD group. Finally, the
patients with D/D genotype tend to bear greater
risk for ischemic heart disease.

Conflict of interest: No conflict of interest was
declared by the authors.
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