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Introduction

Activation of the renin-angiotensin-aldosterone system, decreased nitric oxide production, chronic
inflammation, and oxidative stress result in subclinical changes in the arterial wall, which favor the
development of cardiovascular diseases (CVD). The effect of allelic gene variants that encode the
proteins participating in pathogenetic pathways of age-associated diseases with subclinical changes in
the arterial wall [increased pulse wave velocity (PWV), increased intima-media thickness, endothelial
dysfunction (ED), presence of atherosclerotic plaques (ASP) ] are understudied. This study analyzed the
relationship between AGT, ACE, NOS3 TNF, MMP9, and CYBA gene polymorphism and the presence
of subclinical changes in the arterial wall, including the dependence on risk factors for CVD, in arbitrarily
healthy people of various age.

The relationship of polymorphisms ¢.521C>T of AGT gene, Ins>Del of ACE gene, c.894G>T of NOS3
gene, — 238G>A of TNF gene, — 1562C>T of MMP9 gene, and c.214T>C of CYBA gene with indexes
of changes in the arterial wall and risk factors for CVD was studied in 160 arbitrarily healthy people by
building models of multiple logistic regression and also by analyzing frequencies of co-emergence of two
signs with the Pearson chi-squared test (x*) and Fisher exact test.

The DD-genotype of Ins>Del ACE gene polymorphism was correlated with increased PWV (p=0.006;
odds ratio (OR) =3.41, 95% confidence interval (CI): 1.48-8.67) and ED (p=0.014; OR=2.60, 95%
CI: 1.22-5.68). The GG genotype of c.894G>T NOS3 gene polymorphism was correlated with ED
(p=0.0087; OR=2.65, 95% CI: 1.26-5.72); the TT-genotype of c.894G>T NOS3 gene polymorphism
was correlated with ASP (p=0.033; OR=0.034, 95% CI: 0.001-0.549).

Polymorphic variants of ACE and NOS3 genes correlated with ED, increased arterial wall stiffness, and
the presence of subclinical changes in the arterial wall.

Arterial stiffness; endothelial dysfunction; risk factors of cardiovascular diseases; ACE gene
polymorphism; NOS3 gene polymorphism; intima-media thickness, atherosclerotic plaques

Akopyan A. A., Kirillova K.L., Strazhesko I. D., Samokhodskaya L.M., Orlova Ya.A. Association of AGT,
ACE, NOS3, TNF, MMP9, CYBA polymorphism with subclinical arterial wall changes. Kardiologiia.
2020;61(3):57-65. [Russian: Axonsn A.A., Kupuasosa K.M., Crpaxecko U.A,., Camoxoackas A.M.,
Opaosa SL.A. Cssp noaumopdusma renos AGT, ACE, NOS3, TNF, MMP9, CYBA ¢ cy6xAuHNYECKIMU
H3MeHeHUsMH apTepuasbHoit crenku. Kapanoaorus. 2020;61(3):57-65]

Akopyan A. A. E-mail: a.alexandroval8@gmail.com

effective ways to prevent CVDs at the preclinical stage.

CCardiovascular diseases (CVDs) are the leading cause
of death worldwide. Subclinical changes in the arterial
wall, such as increased arterial stiffness, wall thickening,
atherosclerotic plaques, and endothelial dysfunction
(ED), contribute to the development of CVDs. They are
associated with traditional cardiovascular risk factors (male
sex, age, arterial hypertension [AH], diabetes mellitus [DM],
and obesity) and new risk factors (insulin resistance [IR],
leukocyte telomere length [LTL]) [1-3].

Genetic predisposition is also a cardiovascular risk factor.
Despite more and more works investigating the effects
of gene alleles on cardiovascular risks, their relation to
subclinical changes in the arteries has not been sufficiently
studied. Establishing such relations can help to find more
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We selected gene alleles encoding proteins engaged in
pathophysiological pathways of age-associated changes
in the arterial wall. The genes encoding angiotensinogen
(AGT) and angiotensin-converting enzyme (ACE) are
associated with the renin-angiotensin-aldosterone system
(RAAS). The endothelial NO-synthase (NOS3) gene is
associated with the production of nitrogen oxide (NO). The
genes encoding tumor necrosis factor-alpha (TNF), matrix
metalloproteinase 9 (MMP 9), and cytochrome b light chain
(CYBA) are associated with the development of chronic
inflammation and oxidative stress. There is evidence in the
literature that polymorphisms of the genes of interest are
associated with AH [4, 5], coronary artery disease (CAD)
[6-8], and ischemic stroke (IS) [9-11]. The objective of
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our study was to identify the relation between subclinical
changes in the arteries and the gene alleles, including given
traditional and new cardiovascular risk factors.

Material and methods

The study included 160 (55 male and 10S female)
patients from 25 to 82 years who visited the Medical
Research and Educational Center of the Lomonosov
Moscow State University for preventive examination
in 2018-2019. Any known chronic non-communicable
diseases, the regular use of any medication, pregnancy,
lactation, and refusal to sign the informed consent were the
exclusion criteria. Allincluded patients signed the informed
consent to participate in the study. The study protocol was
approved by the Ethics Committee of the Medical Research
and Educational Center of the Lomonosov Moscow State
University.

Systolic blood pressure (SBP) and diastolic blood
pressure (DBP) were measured using a calibrated device
with an inflatable cuff (HEM-7200 M3, Omron Healthcare,
Kyoto, Japan). AH was diagnosed if SBP was > 140 mmHg
and/or DBP was > 90 mm. The pulse wave velocity
(PWV), which is a marker of arterial wall stiffness, was
measured using the applanation tonometry technique
(SphygmoCor 9.0 hardware, Atcor, Sydney). PWV > 10
m/sec was considered increased. Carotid ultrasound was
performed using a PHILIPS EPIQ $ system (Netherlands).
The presence of atherosclerotic plaque (AP) was defined
as focal thickening of the vessel wall by more than 50%
compared to the surrounding areas or as a focal increase
in the intima-media thickness by more than 1.5 mm
protruding into the vessel lumen. Intima-media thickness
(IMT) > 0.9 mm was considered elevated. Endothelium-
dependent vasodilation (EDV) was estimated using a
reactive hyperemia test in the PHILIPS EPIQ S system
(Netherlands). Endothelium-dependent vasodilatation <
10% was treated as ED.

Biochemical parameters of blood (total cholesterol
[TC], high-density lipoprotein cholesterol [HDL-C],
triglycerides [TG], fasting glucose) were evaluated by
routine methods. The level of low-density lipoprotein
cholesterol (LDL-C) was calculated using the formula:

LDL-C =TC - (TG/2.2+HDL-C).

DM type 2 was diagnosed if fasting glucose was > 7.0
mmol/L. Immunoreactive blood insulin was determined by
chemiluminescence. The HOMA IR index was calculated
using the formula: fasting glucose (mmol/L) x fasting
immunoreactive insulin (pU/ L)/22.5. IR was diagnosed
with HOMA >2.5.

LTL was determined on the genomic DNA by real-time
PCR [12]. The polymorphisms of AGT (rs4762), ACE
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(rs1799752), NOS3 (rs1799983), TNF (rs361525), and
MMP9 (rs391824) were determined by real-time PCR using
the DNA Technology kits (Russia), and the CYBA (rs4673)
polymorphism was studied using the Applied Biosystems
kits (USA). DNA was isolated from whole blood using
the Qiagen DNA Blood Mini Kit (Germany) according to
the instructions. The Hardy-Weinberg equilibrium of the
genotype frequencies was verified using the x* test and the
level of significance a = 0.0S. The distribution of genotype
frequencies of the six genes fits with the Hardy - Weinberg
equilibrium.

Statistical Analysis

Statistical analysis of the data was carried out using the
R language (version 3.6.1). The mean (M) and standard
deviation (DM) are used for normally distributed
parameters, and the median (Me) and lower (Ql) and
upper (Q3) quartiles are provided for non-normally
distributed data. The normality of distributions was tested
using Pearson’s x* test. The frequencies were analyzed to
find the correlation between genetic polymorphism and the
arterial wall parameters of interest using Pearson’s x* test or
Fischer’s exact test with the significance level a = 0.05. The
Fischer’s test was used if the frequency of the co-occurrence
of two factors was less than S. Next, correlation analysis was
performed by constructing multivariate logistic regression
models assessing the presence of a sign of vascular wall lesion,
according to the genetic polymorphism of interest. Gene
alleles under study were forcibly included as variables in the
model of dependence of the signs of vascular wall lesion on
the genetic polymorphism.
with
cardiovascular risk factors used as independent variables

Multivariate  logistical ~ regression  models
were also studied. The best model was selected for each sign
of vascular wall lesion by adding cardiovascular risk factors.
The Akaike information criterion (AIC) was used to search

the model and include / exclude variables.

Results and Discussion

The clinical profile of the 160 patients included is
provided in the additional materials published on the
journal’s website (Table 9).

Statistically significant results of the univariate analysis of
the association of PWV with ACE Ins>Del polymorphism
are given in Table 1. The distribution of polymorphism
alleles and genotypes of all genes of interest in the groups
with and without increased arterial stiffness is provided
in the additional materials posted on the journal’s website
(Table 10).

Thus, the D allele and DD genotype presence increased
the risk of arterial stiffness 1.89-fold (95% CI: 1.16-3.12)
and 3.42-fold (95% CI 1.39-9.36), respectively.
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The multivariate logistic model showed a 3.41-fold
increase in arterial stiffness independent of other mutant
genotypes (95% CI: 1.48-8.67) in carriers of the ACE
Ins>Del polymorphism DD genotype (Table 2).

PWV predicts cardiovascular events and all-cause
mortality [13, 14]. RAAS is a key factor in the development
of arterial stiffness and remodeling of the arterial wall. In
response to blood pressure reduction and the activation of
the sympathetic nervous system, the kidneys produce renin,
a protein involved in the transformation of angiotensinogen
into angiotensin I. Under the influence of angiotensin-
converting enzyme (ACE) in the lungs, the latter turns into
angiotensin II, a powerful vasoconstrictor [15]. The 50%
variation in blood ACE levels is associated with ACE Ins>Del
polymorphism. The levels of ACE are higher in carriers of the
D allele of this polymorphism [16]. The elevated levels of
angiotensin IT increase the vascular wall tonus and contribute
to the development of IR [17], systemic inflammation,
oxidative stress [18-21], and ED, [19, 20] which have a
pathogenetic effect in the increase of arterial stiffness.

A multivariate logistic model was constructed to study the
association of PWV with the mutant ACE genotype, taking
into account the cardiovascular risk factors. Table 3 presents
the factors that had a statistically significant association with
PWV.

In the multivariate logistic model of mutant genotypes
with cardiovascular risk factors, the risk of arterial wall

Table 1. Distribution of alleles and genotypes of ACE Ins>Del

stiffness was increased by the mutant ACE genotype,
male sex, and age; there was a trend toward the statistical
significance of the association between arterial wall stiffness
and AH. Our findings are consistent with the published
works. Male sex and age increase the risk of developing
arterial stiffness [22, 23]. Arterial stiffness is associated with
AH. Increased PWV was shown to cause the development of
AH, as well as AH leading to an increase in PWV [24].

In the review by Logan et al., the data are provided on the
association of D allele with arterial stiffness in the general
population [25]. The DD genotype of the ACE polymorphism
increased the risk of IS [26], CAD [27], and AH [5, 28].
The presence of the D allele was associated with the worse
functional outcome of IS [29] and essential AH [30].

Statistically significant results of the univariate analysis
of the association of ED with ACE Ins>Del polymorphism
genotypes and the NOS3 ¢.894G>T polymorphism are
provided in Table 4. All results of the univariate analysis of
the association of ED with the polymorphisms of the genes
of interest are presented in the additional materials (Table
11).

The univariate analysis found an association between
ED and the NOS3 ¢.894G>T polymorphism. The presence
of the GG genotype increased the risk of ED 2.65-fold (95%
CI: 1.26-5.72), and the GT genotype had a protective effect
against endothelial dysfunction (OR: 0.4, 95% CI:0.18-
0.86).

polymorphism in patients with and without increased arterial stiffness

Gene Allele/genotype PW\;>((1%)0)m/s, PW‘;S( '}AS m/s, P OR 95% CI
I 85 (45.21) 72 (61.02) 0010 0.53 (0.32-0.86)
D 103 (54.79) 46 (38.98) 1.89 (1.16-3.12)
I 24 (25.53) 21 (35.59) 0.62 (0.29-1.34)
ACE Ins>Del ID 37 (39.36) 30 (50.85) 0.013 1.12 (0.56-2.24)
DD 33(35.11) 8 (13.56) 3.42 (1.39-9.36)
1+ID 61 (64.89) 51 (86.44) 0.006 0.29 (0.11-0.72)
ID+DD 70 (74.47) 38 (64.41) 0.25 1.61 (0.75-3.46)
PWYV, pulse wave velocity; OR, odds ratio; CI, confidence interval.
Table 2. Association of PWV > 10 m/s with mutant genotypes of polymorphisms of the genes of interest
Genotype (Clizgn:?etﬁ t) Std. error vazl:1 R P OR 95% CI
AGT TT genotype -0.228 1.437 -0.159 0.874 0.796 (0.031-20.714)
ACE DD genotype 1.226 0.447 2.745 0.006 3.407 (1.478-8.672)
NOS3TT genotype -0.107 0.804 -0.134 0.894 0.898 (0.188-4.888)
TNF AA genotype 12.896 882.744 0.015 0.988 N/Al N/A!
MMP9 TT genotype -0.337 1.031 -0.327 0.744 0.714 (0.081-6.235)
CYBA CC genotype 0.432 0.357 1.210 0.226 1.54 (0.77-3.13)
Constant 0.013 0.25 0.05 0.96 - -

1-N/A, not applicable due to small sample size.
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Table 3. Association of PWV > 10 m/s with cardiovascular risk factors and the mutant genotypes of polymorphisms of the genes of interest

Risk factors (cﬁitfiir:iaetﬁ 0 :;i} v;; . P OR 95% CI
ACE DD genotype 1.247 0.519 2.402 0.016 3.481 (1.315-10.269)
Male 1.232 0.468 2.632 0.008 3.429 (1.408-8.921)
Age 0.093 0.019 4.790 <0.001 1.097 (1.059-1.143)
AH 0.858 0.505 1.698 0.09 2.359 (0.904-6.72)
Constant -5.012 1.039 -4.825 <0.001 - -
AH, arterial hypertension; OR, odds ratio, CI, confidence interval.
Table 4. . Distribution of alleles and genotypes of ACE Ins>Del
polymorphism and NOS3 ¢.894G>T polymorphism in a patient with and without ED
Gene Allele/genotype ED+,n (%) ED-,n (%) P OR 95% CI
I 49 (42.24) 98 (55.68) 0,033 0.58 (0.35-0.96)
D 67 (57.76) 78 (44.32) : 1.71 (1.04-2.84)
I 13 (22.41) 29 (32.95) 0.59 (0.25-1.33)
ACE Ins >Del ID 23 (39.66) 40 (45.45) 0.08 0.79 (0.38-1.63)
DD 22 (37.93) 19 (21.59) 221 (0.997-4.94)
II+ID 36 (62.07) 69 (78.41) 0.0498 0.45 (0.2-1.003)
ID+DD 45(77.59) 59 (67.04) 0.23 1.7 (0.75-3.98)
G 96 (82.76) 123 (69.89) 0,019 2.06 (1.12-3.9)
T 20 (17.24) 53 (30.11) ’ 0.48 (0.26-0.89)
GG 40 (68.97) 40 (45.45) 2.65 (1.26-5.72)
NOS3c.894G >T GT 16 (27.59) 43 (48.86) 0.016 0.4 (0.18-0.86)
T 2 (3.45) 5(5.68) 0.59 (0.05-3.79)
GG+GT 56 (96.55) 83 (94.32) 0.7 1.68 (0.26-18.23)
GT+TT 18 (31.03) 48 (54.55) 0.0087 0.38 (0.17-0.79)

ED+, patients with endothelial dysfunction;

ED -, patients without endothelial dysfunction, OR, odds ratio; CI, confidence interval.

ED is another important manifestation of subclinical
changes in the arterial wall. The recovery of endothelium
subjected to oxidative stress and chronic inflammation
worsens with age, contributing to the onset or progression
of vascular diseases [31]. The endothelium produces NO,
a molecule with an important role in vasodilation. NO has
an anti-inflammatory effect, reduces platelet aggregation,
leukocyte adhesion, and cytokine synthesis [32].
Endothelial NO-synthase (NOS-3) is the main substance
that produces NO and regulates the vascular wall tonus [33].
NOS-3 dysregulation reduces the production of NO and
active forms of oxygen [34].

The published data on the NOS3 ¢.894G>T polymor-
phism are controversial. The NOS3 polymorphism TT
genotype was associated with the risk of atherosclerosis in
patients with type 2 DM [35]. TT and GT genotypes were
associated with the risks of CAD [36, 37] and AH [38].
The results of our study are consistent with the findings
of Campedelli et al, who showed that the presence of
GG genotype increased the predisposition to athero-
sclerosis [39].

The ACE Ins>Del polymorphism is also associated
with ED; the presence of the D allele increased the risk of
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ED 1.71-fold (95% CI: 1.04-2.84), and the I allele had a
protective effect (OR: 0.58,95% CI: 0.35-0.96).

In the multivariate logistic model including mutant
genotypes of six genes, the mutant ACE genotype increased
the risk of ED 2.6-fold (95% CI: 1.22-5.68). The relevant
data are given in Table S.

The activation of tissue RAAS in the vascular wall is an
important factor causing oxidative stress and associated ED
[19]. Its element angiotensin II leads to the development of
ED through the activation of chronic inflammation [40].

Table 6 presents the results of the multivariate analysis
of the association of ED with mutant genotypes and
cardiovascular risk factors. Only the indicators that have a
significant association with ED are presented.

According to the multiple logistic regression, age, AH,
and TC are the most significant predictors of ED, which is
consistent with the published data [41, 42]. There is a trend
toward the statistical significance of the association of ED
with the mutant genotype of ACE Ins>Del polymorphism.

Despite the known association of IMT with RAAS
activation [43], chronic inflammation, and oxidative
stress [44, 45], we did not detect an association of IMT
with polymorphisms of the genes of interest and mutant
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genotypes in the univariate and multivariate analyses
(additional materials, Table 12—13).

Table 7 provides the results of the multivariate logistic
regression analysis of the association of IMT with
cardiovascular risk factors and mutant genotypes. Only
factors that demonstrated statistical significance are
provided.

Age and the presence of type 2 DM increased the risk
of intima-media thickening, which is consistent with the
published data [46-48]. IMT is a marker of early vascular
aging and is often used in large studies, including genetic
ones, as a marker of early atherosclerosis, due to the relative
simplicity, accessibility, and noninvasive nature of the
measurement technique [49]. A 0.1-mm increase in IMT is
associated with an 18% increase in IS risk and a 15% increase
in MI risk [S0].

The results of the univariate analysis of the association
of the presence of plaques with the polymorphisms of the
genes of interest are presented in the additional materials
(Table 14). There is a trend toward the association of the C

allele of the AGT polymorphism of interest with the risk of
atherosclerotic plaques (OR: 2.08, 95% CI: 0.99-4.55; p =
0.053). Our results contradict the published evidence of the
association between the T allele and the development of
cardiovascular diseases: CAD [S1] and IS [11].

Association of atherosclerotic plaques with mutant
genotypes of the genes of interest was not shown in the
multivariate analysis. The results are given in the additional
materials (Table 15).

The results of the multivariate analysis of the association
of the presence of plaques with risk factors and mutant
genotypes are presented in Table 8.

Association of the presence of plaques with age and
AH was found, which corresponds to the published data.
Plaques, like IMT, are markers of systemic atherosclerosis.
Carotid plaques mainly occur at the site of turbulent blood
flow and predict the presence of coronary atherosclerosis
and CAD with high sensitivity [52]. Plaques are associated
with traditional RFs, vascular wall inflammation [53],
oxidative stress, and RAAS activation [54]. The identified

Table 5. Association of ED with mutant genotypes of polymorphisms of the genes of interest

Estimate

0,

Genotype (coefficient) Std. error z, value P OR 95% CI
AGT TT genotype 0.668 1.431 0.467 0.640 1.951 (0.076-50.421)
ACE DD genotype 0.957 0.391 2.448 0.014 2.603 (1.218-5.678)
NOS3TT genotype -0.818 0.893 -0.916 0.359 0.441 (0.058-2.292)
TNF AA genotype -14.893 882.743 -0.017 0.987 N/Al N/A!
MMP9 TT genotype 0.649 1.028 0.631 0.528 1.913 (0.22-16.672)
CYBA CC genotype 0.078 0.353 0222 0.824 1.082 (0.54-2.163)
Constant -0.708 0.269 -2.630 0.009 - -

'N/A, not applicable due to small sample size, OR, odds ratio; CI, confidence interval.

Table 6. Association of ED with cardiovascular risk factors and the mutant genotypes of polymorphisms of the genes of interest

Risk factors (c](::ztfiﬁncliaet; t) Std. error z, value P OR 95% CI
ACE DD genotype 0.851 0.44 1.934 0.053 2.342 (0.995-5.644)
Age 0.049 0.017 2.916 0.004 1.05 (1.017-1.087)
TC > 5 mmol/L, % 0.988 0.472 2.090 0.037 2.684 (1.089-7.053)
AH 1.54S 0.454 3.406 <0.001 4.689 (1.966-11.781)
IR 0.371 0.444 0.836 0.403 1.449 (0.601-3.458)
Constant -4.477 1.00S -4.454 <0.001 - -

TG, total cholesterol; AH, arterial hypertension; IR, insulin resistance; OR, odds ratio, CI, confidence interval.

Table 7. Association of IMT > 0.9 mm with cardiovascular risk factors and the mutant genotypes of polymorphisms of the genes of interest

Risk factors (CEOZ;;:?:s t) Std. error z, value P OR 95% CI
DM2 2.314 0.627 3.693 <0.001 10.110 (3.068-36.9)
Sex 1.26 0.700 1.799 0.072 3.525 (0.903-14.701)
Age 0.150 0.039 3.896 <0.001 1.162 (1.086-1.265)
Constant -11.421 2.538 -4.5 <0.001 - -

DM, diabetes mellitus; OR, odds ratio; CI, confidence interval.
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Table 8. Association of the presence of plaques with cardiovascular

risk factors and the mutant genotypes of polymorphisms of the genes of interest

Risk factors (clzzgin:::ren £) Std. error z, value P OR 95% CI
NOS3 TT genotype <0.001 1.581 -2.131 0.033 0.034 (0.001-0.549)
DM2 1.327 0.729 1.820 0.069 3.768 (0.994-18.863)
Age 0.115 0.023 5.076 <0.001 1.122 (1.076-1.177)
LTL -0.814 0.538 -1.513 0.13 0.443 (0.142-1.166)
AH 1.617 0.534 3.030 0.002 5.037 (1.838-15.184)
Constant 1.401 5.453 0.257 0.797 = -

DM, diabetes mellitus; LTL, leukocyte telomere length, AH, arterial hypertension; OR, odds ratio; CI, confidence interval.

protective effect of the TI' genotype of NOS3 ¢.894G>T
polymorphism does not fully correspond to the published
data: a predisposition to atherosclerosis in GG genotype
carriers was found in one study [39].

Conclusion

Of the six gene alleles of interest, polymorphisms of
ACE (rs1799752) and NOS3 (rs1799983) were associated
with subclinical changes in the arterial wall. The DD
genotype of ACE Ins>Del polymorphism and the GG
genotype of NOS3 ¢.894G>T polymorphism may serve
as genetic markers, regardless of other risk factors, of the
development of subclinical changes in the arterial wall, and

their carriers are at risk of early vascular aging and in need of
early prevention of CVDs. The small sample size limits this
study. The findings may give rise to further, larger studies.
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