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Abstract: Cardiomyopathies (CMP) are considered diseases with unknown etiology. CMP are usually diagnosed on the late stages of the
disease. It is an important task to seek methods which allow diagnosing CMP on the early stages of development. Aim – to estimate the
type of polymorphic variants of angiotensin converting enzyme (ACE), glutathione S‐transferase (GSTM1) frequency distribution among the
CMP sick and healthy individuals living in the Republic of Bashkortostan, and to substantiate their role in the CMP pathogenesis. Material
and Methods – There were 67 CMP sick put under observation. Out of them40 werediagnosed ischemic cardiomyopathy (ICM), and 27
were diagnosed dilated cardiomyopathy (DCM). The control group was made up of 110 practically healthy people. The results.In the ICM
2
sick group the DD genotype (χ =4.8; p=0.029) was definitely found more frequently, also in case of DCM the increase of DD genotype
2
(χ =4.0, p=0.044) frequency was ascertained. Conclusion – The genetic analysis of polymorphic locus of I/D ACE gene in the ICM and DCM
sick showed decrease in frequency of occurrence II, ID genotypes, I allele and increase of D genotype and D allele which points out the
increased risk of these cardiovascular diseases.
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Introduction
Cardiomyopathies (CMP) are still considered as diseases with
unknown etiology. The effect of inotropic agents, disturbance of
adrenoreceptors’ structure and functions, change of intercellular
substance’s structure were considered as possible reasons [1]. The
pathogenesis of multifactorial diseases is complicated and implies
that participation of many pathogenesis sections. There are
several reasons of diffuse myocardium changes formation defined:
immune and autoimmune affection, energy and hemodynamic
disorders [2].
In case of dilated CMP (DCM) the main one is systolic heart
insufficiency which is characterized by a significant reduction of
stroke volume because of dramatic ejection fraction decrease,
increase of terminal systolic and diastolic volume of the left
ventricle and increase of diastolic pressure in it.
In all forms of CMP, the significant changes of heart are found,
although they are not specific. Myocytolysis, Anitschkow
myocyteeosinophilia, lymphohysteocytic infiltrates of subacute
and chronic type can be identified morphologically, though the
infiltration doesn’t have significant differences of its character
from the myocarditis’ one [2, 4].
Identification of the genes which lead to CMP development is
one of the main tasks of modern molecular‐genetic cardiology and
may subsequently result in creation of the new methods of CMP
treatment and diagnosis.
There were several mutations discovered in the heavy chains
genes of β‐myosin, titin, dystrophin, desmin and lamin which lead
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to CMP development [5, 6]. However, it is considered undoubted
that in spite of many described genes, responsible for the CMP
development, the majority of them remains unexplored and
cardiomyopathies are considered to be illnesses with unknown
etiology and bad forecast [1]. At the present time the hypothesis
that the defect of the genes disturbing myocardium contraction
power generation lead to GCMP and the defects disturbing
myocardium contraction power transition lead to DCM received
the highest recognition. In connection with that further analysis of
effect and impact of genes modifiers on CMP etiology and
pathogenesis is considered actual [7].
It is undoubted that the CMP pathogenesis is to a large degree
connected with renin‐angiotensin system. During the influence of
various pathogenetic factors, affecting the myocardium, the renin‐
angiotensin system stays in a state of hyperactivity and is used for
cardiovascular
homeostasis
maintenance.
Successful
counteraction to the damaging factors requires timely regulation
of heart vessels resistance which is necessary for adequate blood
circulation maintenance. This process depends to a large extent on
activation of renin‐angiotensin system, vasodilativeprostaglandins
as well as bradykinin, endothelin II, nitrogen oxide by the vessels
endothelium. Theangiotensin converting enzyme (ACE) is a zinc
metallopeptidase which catalyzes conversion of angiotensin I into
vasoconstrictive peptide – angiotensin II and bradykinin
breakdown into inactive peptides simultaneously. Bradykinin is
one of the stimulants of endothelium discharge of nitrogen oxide
which is the main factor of endothelial relaxation. So, ACE is the
key link in maintenance of equilibrium between vasoconstriction
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and vasodilation factors [8, 9]. The ACE gene is localized in the long
arm of chromosome 17 (17q23). According to National Center for
Biotechnology Information (NCBI), there are more than 160
polymorphic variants described in the ACE gene, most of which are
mononucleotide substitutes. The insertion and deletion
th
polymorphism of the 16 gene intron which is evident byexistence
th
or absence of 278 pair of bases (I/D) is being widely studied now
[9].
There is evidence that the genetic variants of genes
glutathione redox system enzymes may be a factor of
predisposition for cardiovascular system diseases, where the
leading role is played by the heart tissues damaged because of
pollutant and oxidant effect [10]. Such changes are mainly
connected with pathology in the toxic substances, free radicals
and other heart damaging factors neutralization system.
Glutathione (GSH) which can be found in all mammals’ tissues
plays important role in organism antioxidant protection. The main
glutathione’s antioxidant effect is fulfilled by its participation in
the enzymatic antioxidants work; being GPX1 and GST substrate
glutathione is an atom donor for hydrogen peroxide and lipidic
peroxides. Also, glutathione is active oxygen forms inhibitor and
cellular membrane stabilizer [10]. The mu (μ)‐class glutathione S‐
transferase gene (GSTM1) is localized in the 1p13 section and is
represented by five genetic locuses GSTM1, GSTM2, GSTM3,
GSTM4 and GSTM5. The GSTM1 gene is highly expressing itself in
the liver and the heart as well. The GSTM1 locus has 3 allelic
forms: the afunctional zero allele (10 000 p.n. deletion), and 2
GSTM1*A and GSTM1*B alleles which are differed by a couple of
th
nucleotides in the 7 exon. It was proved that the zero allele of
the GSTM1 gene had appeared as a result of unequal crossing
over.
CMP is usually diagnosed on the later stage of development
when the most of myocardium changes become irreversible,
because of that it is an important task to find diagnostic criteria
which allow diagnosing CMP on the earlier stages of development.
The analysis of ACE and GSTM1 genes polymorphic variants is
timely and topical.
The aim: to estimate the ACE and GSTM1 polymorphic variants
frequency distribution among the CMP sick and the healthy
individuals living in the Republic ofBashkortostan and prove their
role in CMP pathogenesis.
Material and Methods
There were 67 CMP sick put under observation. In case of 40
of them ischemic cardiomyopathy (ICM) was diagnosed, and 27
were diagnosed dilated cardiomyopathy (DCM); the mean age was
62.12±4.32 years. The control group was made up of 110
practically healthy people, citizens of the Republic
ofBashkortostancomparable with the CMP sick in terms of age,
gender and ethnicity, without chronic diseases as well as without
pathology of cardiovascular system in the anamnesis.
The patients were included after they signed up the informed
consent. The research was approved by Bashkirian State Medical
University ethical committee. The inclusion criteria: the DCM and
ICM sick patients, who had their pathologies, diagnosed in
compliance with WHO classification criteria, EF<45%, agreed to
take part in the research. The exclusion criteria were: the aortic
regurgitation and stenosis sick, the patients with the prosthetic
valves, implanted heart pacemakers, the patients with heavy
exocardial somatic pathology. The DCM and ICM diagnosis was
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verified on the basis of clinical data, as well as clinic instrumental
research, including ECG, echocardiogram, and coronarography.
The results of central and intracardiac hemodynamics rates
analysis indicates hemodynamics hypokinetic character in case of
DCM and ICM sick patients, more evident in DCM (Table 1) [3].
All patients were carried out a coronarography. In DCM there
were no hemodynamicly significant coronary artery stenoses. In ICM
there were stenosing affections of three coronary arteries at the
same time in case of 24 patients (as well as the common trunk of the
left coronary artery of two patients), the affection of two coronary
arteries were diagnosed of 16 patients (as well as the front
interventricular artery and right coronary artery of 9 patients, the
front interventricular artery and circumflex artery of 5 patients, the
right coronary artery and circumflex artery of two patients).
The DNA samples that were extracted from the peripheric
venous blood lymphocytes of examined individuals by the usage of
phenolic‐chloroform extractionwere the material for the
molecular‐genetic analysis [12]. The examination of the
polymorphic locuses was carried out by the DNA
synthesispolymerase chain reaction (PCR). The list of the locuses
examined, locus‐specific oligonucleotide primers sequencies, the
ways of polymorphisms’ detection, as well as alleles’
nomenclature were taken from literary sources [8, 10, 13, 14].
Credibility ofdifferences of frequency distribution of the alleles
and genotypes among the groupsand association with clinical
illness course was revealed by comparison of the samples using
2
the χ criterion with Yates’ correction with help of BIOSTAT
program. The differences of p<0.05 were considered statistically
important. The relative risk of a disease for a certain factor was
computed as chances ratio, the computation was carried out in
program name Statistica v 6.0.
Results
The polymorphic I/D ACE, del GSTM1 locuses genotypes
frequency distribution among the groups of ICM and DCM sick and
the control group corresponded to the expected one according to
Hardy‐Weinberg equilibrium.
During the comparison of the general sample of the ICM sick
group and the control group the significant differences in
polymorphic I/D ACE gene locus frequencies were revealed
(Table 2). In the ICM sick group the DD genotype was encountered
more frequently in comparison with the control group (28.9% and
2
11.0% respectively, χ =4.8, p=0.029). It was noted that increase of
2
D allele frequency (χ =3.7, p=0.055), but the level of significant
differences was not achieved. The research showed that in case of
ICM the tendency of decrease in II ACE gene (χ2=0.8, p=0.387), ID
(χ2=0.4, p=0.543), I allele (χ2=3.7, p=0.055) polymorphic variants
frequency is noted. Also, the statistical analysis showed that in
case of ICM decrease of polymorphic locus GSTM1 del genotype
occurred (χ2=1.7, p=0.188), although it did not reach the level of
significant differences what we attribute to the small sample
number.
In case of DCM the increase in ACE gene polymorphic locus
2
2
(χ =4.0, p=0.044), D allele (χ =1.4, p=0.235), on the contrary the
decrease of genotype II frequency (χ2=0.002, p=0.966), ID
genotype (χ2=1.7, p=0.200), I allele (χ2=1.4, p=0.235) DD genotype
frequency was ascertained. In case of DCM the increase in del
genotype frequency of GSTM1 (χ2=0.020, p=0.899) gene
polymorphic locus was ascertained; however the significant
differences level was not achieved (Table 3).
www.romj.org
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Table 1. Indices of intracardiac hemodynamics of dilated and ischemic cardiomyopathy sick patient [3]
Indices
Control
DCM
EDV, ml
88.46 ±0.24
188.7±19.2 ***
ESV, ml
29.26±0.22
140.4±14.7 ***
EDD, ml
43.02 ±0.20
62.95±1.92 ***
ESD, ml
31±0.01
47.16±2.32 ***
EF, %
69.40±1.001
38.68±2.77 ***
AS, mm
30.01±1.10
45.2±1.51 ***
AD, mm
35.0±0.03
44.17±1.32 ***
IVS, mm
8.01±0.04
8.95±0.30 **
LVPW, mm
10.16±0.14
9.56±0.28 *
The reliability of difference relative to the healthy is designated that way: * — р<0.05; ** — p<0.01; *** — р<0.001

ICM
123.4±8.98 ***
58.05±6.65 ***
50.04±1.66 ***
34.5±1.54 *
46.49±2.32 ***
38.51±1.50 ***
39.78±1.04 ***
10.26±1.40 ***
10.26±0.40 *

Table 2. The allele and genotypes distribution in the ICM sick group and the control group
ICM sick
Control group
p
OR
CI‐95%
Polymorphic locus
Genotypes
χ2
a
f
a
f
I/D ACE
N
38
82
II
11
0.289
32
0.390
0.750
0.387
0.637
0.278‐1.461
ID
16
0.421
41
0.500
0.371
0.543
0.728
0.335‐1.581
DD
11
0.289
9
0.110
4.814
0.029
3.305
1.234‐8.854
I
38
0.500
105
0.640
3.679
0.055
0.562
0.324‐0.976
D
38
0.500
59
0.360
3.679
0.055
1.780
1.026‐3.089
del GSTM1
N
40
110
Normal
28
0.700
62
0.564
1.740
0.188
1.807
0.833‐3.919
del
12
0.300
48
0.436
1.740
0.188
0.554
0.255‐1.202
N is the sample size. The cells with a reliable level of significance (p<0.05) are typed in bold. a – is the absolute value (number of people), f – is frequency.
Table 3. Distribution of alleles and genes genotypes in DCM sick patients group and in control group
Polymorphic locus

Genotypes

DCM sick
a

f

Control group
a

f

χ2

p

OR

CI‐95%

I/D ACE

N
27
82
II
10
0.370
32
0.390
0.002
0.966
0.920
0.375‐2.258
ID
9
0.333
41
0.500
1.651
0.200
0.501
0.202‐1.243
DD
8
0.296
9
0.110
4.046
0.044
3.416
1.162‐10.037
I
38
0.537
105
0.640
1.417
0.235
0.652
0.35‐1.216
D
38
0.463
59
0.360
1.417
0.235
1.535
0.823‐2.861
Del GSTM 1
N
27
110
Normal
15
0.556
62
0.564
0.020
0.899
0.968
0.415‐2.260
del
12
0.444
48
0.436
0.020
0.899
1.034
0.443‐2.431
N is the sample value. The cells with a reliable level of significance (p<0.05) are typed in bold. a – is the absolute value (number of people), f – is frequency.

Discussion
As the result of the research, there was shown maintenance of
a tendency in the ACE gene polymorphic locus frequency
distribution (both towards a decrease in II genotype, ID genotype
and I allele frequency and towards an increase of DD genotype and
allele D frequency) in the ICM and DCM sick groups, which can be
an evidence of the common pathomorphological mechanism of
these diseases. On the basis of the available literary sources, the
increased level of the ACE geneassociated with D allele, apparently
leads to cardiovascular system adaptive capabilities deterioration,
on one hand and prevents adequate decrease of the vessels’
resistance – on the other one, which leads to the development of
myocardium disorders. This can explain the association of ACE
with CMP we have shown. Besides, the polymorphism in the intron
16 examined by us can be in the state of unbalanced linkage with
some other polymorphic variant in the ACE gene, which can
directly influence the protein structure and gene expression level
[15]. It is considered, that I and D allele of the ACE gene are,
apparently, codominant. As a result, the level of enzyme in the
alternative genotype carriers blood plasma is increasing in the
sequence: II→ID→DD.This fact explains at least half of observed
interindividual differences. Despite of fact that this polymorphism
is being widely studied during the various cardiovascular and other

complex diseases, its localization in the noncoding region does not
imply the presence of a certain functional enzyme variant.
However in the research conducted there were no any significant
polymorphisms found.At the same time, in different populations
certain ACE gene haplotypes form clydes and, just as the majority
of candidate region polymorphisms, are in a state of strong
disequilibrium with by linkage with insertion‐deletion
polymorphism. Because of that, the I/D polymorphism is still being
used as an easy‐to‐use marker studying associations between the
unknown functional polymorphisms and pathophysiological
conditions [15].
Conclusion
The ACE gene I/D polymorphic locus analysis showed
statistically significant increase in DD genotype frequency of ICM
sick, which indicates of cardiovascular system genetic predilection
for ICM development of atherosclerosis and CHD sick patients and
can be used for ICM development risk prediction.
The DCM sick were revealed to have a statistically significant
increase of ACE gene I/D polymorphic locus DD genotype which
demonstrates disposition to multiple‐factor cardiovascular system
injuries development for this contingent of patients and can be
used for DCMP development risk prediction.

[
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