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ABSTRACT

The associations between the main non-lipid genomic biomarkers and coronary heart disease occurrence and the unstable
course of the disease with the development of myocardial infarction in 164 patients with stage I-Ill hypertension were inves-
tigated. The study was conducted in two stages. At the first stage, the non-lipid genetic predictors of coronary heart disease
were determined without considering the characteristics of its clinical course. At the second stage, the possibility of identify-
ing genetic predictors of the complicated course of coronary heart disease with the development of myocardial infarction
was studied. In hypothesis testing, the difference was considered significant at p < 0.05. It was found that the presence of
coronary heart disease in patients with hypertension was associated with a significant predominance of genetic biomarkers
in four single-nucleotide polymorphisms: in the hemostasis system (4G4G SERPINE 1), pro-inflammatory cytokines (T allele
IL-1b-511, C allele /L-1b-1473), and innate immunity (FF TLR3-412). The development of myocardial infarction was associ-
ated with two genetic polymorphisms: pro-inflammatory cytokine system (CC /L-6-174) and hemostasis (4G4G SERPINE 1).
In general, among the single-nucleotide polymorphisms studied, statistically significant results in predicting coronary heart
disease were demonstrated by genetic biomarkers of the hemostatic system, pro-inflammatory cytokines, and innate immu-
nity. In relation to myocardial infarction, genetic biomarkers of the hemostatic system and pro-inflammatory cytokines may
have prognostic value. The use of genetic biomarker data as unfavorable prognosis predictors in patients with hypertension
enables better risk stratification and assessment of the prognosis in these patients, which will significantly reduce the costs of
conducting a genome-wide study.
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HenunuaHble reHeTU4ECKUE NPeAUKTOPbLI pa3BUTUSA
ULIeMUYECKON bonesHu cepaua u uHpapkTa MuoKapaa y
nauueHToB, CTPAAAIOLLMX MTMNEPTOHUYECKOM 60Ne3HbI0

M.C. Tioptonos, K.C. LLynenuH, [1.B. Yepkawwmn, T.C. CeknuHa, I.I'. Kytenes, H.T. Mup3oes

BoeHHo-MeuuMHCKas akapemus umenmn C.M. Kuposa, CankT-leTepbypr, Poccus

AHHOTALIMA

AHanusupyloTca accouMaumu 0CHOBHBIX HESMMUAHBIX TEHOMHBIX OMOMapKepoB C BO3HWMKHOBEHUEM WULIEMMYECKON BoME3HM
cepiua u HecTabunbHBIM TeueHneM 3abosieBaHUA ¢ pa3BuTMEM MHDApKTa MUOKapaa Y 164 nauMeHToB, CTpaAaloLLMX runep-
TOHMuYecKon bonesHbio -1l ctaguin. UccnegosaHue npoxoamno B 2 3tana. Ha nepBom atane NpoBOAMICS NOUCK HEIMMMAHBIX
reHeTUYecKUX NPeMKTOPOB ULeMUYecKoi bonesnm cepaua 6e3 yyeta ocobeHHOCTel ee KIIMHUYECKOro TeyeHus. Ha BTopoM
3Tane u3yyanm BO3MOKHOCTb BbIJENEHUS FeHETUYECKUX NPEAUKTOPOB OC/IOXHEHHOTO TEYEHUS MLLEMUYECKO BonesHu cepa-
Lia ¢ pa3BUTMEM MH(apKTa M1oKapaa. Bo Bcex cnyyasx npoBepKu runoTes pasnuune NpU3HaBanoCh CTaTUCTUYECKM 3HaUM-
MbIM nipu p < 0,05. YcTaHoBREHO, 4TO HanMuKe MiLeMUYeckon BonesHu cepaua y NauUeHToB, CTPAAAIOLLMX MMMNEPTOHNYECKOI
bonesHbto, ObIN0 accouMMpoBaHO € AOCTOBEPHBLIM NpeobnafaHneM reHeTUHecKux BUOMapKepoB TONIBKO B 4 OLHOHYKIEOo-
TUAHbIX NosMopdu3aMax: B cucTeMe remoctasa (4G4G SERPINE 1), npoBocnanuTenbHbIX LMTOKMHOB (annenb T IL-1b-511,
annenb C IL-1b-1473) v BpoxpeHHoro uMmynuteTa (FF TLR3-412). Passute uHdapKTa MMOKapaa 6biio accouumMpoBaHo
C [1BYMSA FeHETMYECKUMU NONIMMOpdU3MaMm: B cUcTEMe NpoBocnanuTesbHbIX LMTOKMHOB (CC IL-6 -174) v reMocTasa (4G4G
SERPINE ). B uenoM cpeay u3y4yaeMblx OfHOHYKNEOTUAHbLIX NOSMMOPGU3IMOB CTATUCTMYECKU 3HAYMMBINA pe3ynbTaT B Npo-
FHO31POBaHUN MLLeMUYeCKoi 6onie3Hn cepALa NPOAEMOHCTPUMPOBANM reHeTMYecKWe BuoMapKepsl CUCTeMbI reMocTasa, npo-
BOCMaUTENbHBIX LUTOKUHOB U BPOXKAEHHOTO MMMYHUTETA. B OTHOLIEHMM MH(apKTa MMOKapAa NPOrHOCTMYECKOI LIEHHOCTbIO
MoryT 0bnapgatb reHeTMYecKue bKoMapKepbl CUCTEMBI FeMOoCTasa U NpOBOCMANUTENbHBIX LUTOKWHOB. Mcnonb3oBaHue AaHHbIX
reHeTM4ecKux 61oOMapKepoB B KauecTBe NpeaMKTOPOB HEBNaronpuaTHOro MPOrHO3a y NauMeHTOoB, CTPaAAloLLMX TMNEPTOHM-
YecKon 6one3Hbio, NO3BOAUT Nyulle CTPAaTUGULMPOBATL PUCK, OLEHUTb MPOrHO3 B 3TOM FPyNne, YTO 3HAYMTENbHO CHUSUT
3aTpathl Ha NpoBefEeHUE NOSIHOTEHOMHOMO UCCNeA0BaHUA.

KnioueBble cnoBa: uwemMuyeckas 6onesHb cepaua; VIHCbapKT MWOKapAa; KapAWoBaCKynAapHble OCJI0XXHEHUA;
KapﬂMOBaCKyﬂﬂprIVI PUCK; TeHeTun4yecKkue 6MOMap|-(epbl; OOHOHYKJ1Ie0TUAHbIE I'IOJ1MMOp¢)VI3MbI; HU3KOMHTEHCUBHOE
BOCnasieHue; HEMOD,Md)MLLMpyEMbIe NPeauKTOpPbl PUCKa.
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ORIGINAL STUDIES

BACKGROUND

Cardiovascular diseases (CVDs) are the leading cause
of mortality among adults in the Russian Federation,
accounting for 43.8% of the total number of lethal outcomes.
In the structure of CVD-related mortality, coronary heart
disease (CHD) represents 54.2%, making it an extremely
pressing problem'. Currently, more than 200 risk factors
for CHD have been identified, including genetic factors.
For a long time, the emphasis in the search for predictors
of CHD was shifted toward lipid biomarkers. However,
recent attention has shifted to non-lipid predictors of
CHD, particularly low-grade inflammation, an important
component of the cardiovascular continuum. Unsurprisingly,
levels of pro-inflammatory markers correlate well with
cardiovascular risk [1]. A meta-analysis by Y. Li et al. [2],
combining results from 14 studies with 83,995 participants,
showed a significant relationship between high-sensitivity
C-reactive protein (CRP) and the risk of cardiovascular death
and death from all causes. More modern works corroborate
this relationship [3, 4]. Similar data have also been obtained
for other proinflammatory agents. Thus, the STABILITY
study, which included 14,611 patients, showed a clear
association between the risk of developing major adverse
cardiovascular complications and an increased (=2 ng/l) level
of interleukin-6 (IL-6) in blood serum [5]. This is also true
for higher-order proinflammatory cytokines, such as IL-1,
the main immunocompetent biomarker that can stimulate
the production of both CRP and IL-6 [6].

Dysregulation of the Toll-like receptor (TLR) system may
play a key role in maintaining chronic inflammation and
progressing atherosclerosis. Several experimental studies
on laboratory animals have convincingly demonstrated
the significant role of TLRs in atherogenesis. For instance,
a study by A. Kapelouzou et al. [7] demonstrated a high
correlation between the expression of TLR types 2, 3, 4, and
8 and the progression of atherosclerosis in the aorta of male
rabbits. Additionally, dysregulation of the hemostatic system
contributes to the progression of atherosclerotic arterial
lesions. Evidence shows that higher levels of plasminogen
activator inhibitor 1 and homocysteine are associated with
the formation of potentially more “hazardous” coronary
plagues (atherosclerotic plaques with thin caps and large
atherosclerotic plaques) [8].

However, several limitations prevent using these
biomarker levels as reliable predictors of CHD and myocardial
infarction (MI). For instance, the expression of inflammatory
proteins may change due to persistent infection. Hence,

! Demographic Yearbook of Russia [Internet]. URL: https:/rosstat.gov.
ru/storage/mediabank/Demogr_ejegod_2023.pdf (access date 03/17/2024).
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the need arises to search for more reliable non-modifiable
risk predictors, which may include genetic polymorphisms.
Thus, a study by M. Asif et al. [9] revealed a correlation
between the development of CHD and polymorphisms of
the protein gene associated with the low-density lipoprotein
receptor. The British Heart Foundation database contains
1,122 unique variants of low-density lipoprotein receptors,
which are also associated with the development of CHD and
are included in genetic screening for homozygous familial
hypercholesterolemia (HFHC)?. Similar studies are also
available regarding the apolipoprotein B-100 protein [10].

There are also studies on polymorphisms of
the proprotein convertase subtilisin/kexin type 9 (PCSK9)
genes. Polymorphisms of the PCSK? genes are known to
enhance and inhibit its function. Thus, the T allele of single
nucleotide polymorphism rs11206510, which increases its
activity, is associated with a high risk of Ml in CHD patients
[11]. In turn, polymorphisms of the PCSK9 gene Y142X,
C679X, and R46L protect the development of CHD and MI [12].
Low-density lipoprotein receptor adapter protein 1 (LDLRAPT)
polymorphisms are rarer, namely, 432insA in exon 4 and
G65A in exon 1 (p. trp22ter), and they are associated with
the development of HFHC [13, 14].

Although there are publications regarding non-lipid
genetic biomarkers of CHD, they are much fewer, and
the results obtained are quite contradictory. This necessitates
new studies to confirm or refute the contribution of any
single nucleotide polymorphisms to the development of
CHD and MI.

The study aimed to analyze the associations of the main
non-lipid genomic biomarkers with the occurrence of CHD
and the unstable course of the disease with the development
of Ml in patients with hypertensive disease (HD).

MATERIALS AND METHODS

The design was a retrospective cohort case-control study.
It included 164 patients with stages I-lll HD. The median age
of patients was 67 (57-74) years; 90 (54.9%) of them were
men. A total of 144 (87.8%) patients had dyslipoproteinemia,
101 patients (61.6%) had grades 1-2 abdominal obesity (AO),
84 (51.2%) patients were diagnosed with CHD, 52 (31.74%)
patients had prediabetes (impaired glucose tolerance and/or
impaired fasting glycemia), 34 (20.7%) patients had chronic
kidney disease (CKD) stages C1-C3b. The gender, age, and
clinical laboratory parameters of the patients included in
the study are presented in Table 1.

2 British Heart Foundation. LDLR Database. [Internet]. URL: http://www.
ucl.ac.uk/ldlr/Current/summary.php?select_db=LDLR&show=sum. (access
date 01/11/2024).
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Table 1. Gender, age and clinical laboratory parameters of patients included in the study at different stages, abs. (%)
Tabnuua 1. Mo/10B03pacTHbIE U KIIMHUKO-N1abopaTopHbIe NOKa3aTes MaLMeHTOB, BKIIOYEHHbIX B UCCIeloBaHMe Ha pasHbIX 3Tanax, aoc. (%)

dicator Stage 1 ) Stage 2 ,
CHD,n=84 | noCHD, n=80 M,n=30 | noMi,n=54

Age, years 66 63.5 - 67 72.4 -
Male gender 38 (45.2) 52 (65) 0.01 17 (56.9) 21 (38.9) 0.21
Smoking 46 (54.8) 36 (45) 0.21 20 (66.7) 26 (48.1) 0.1
Dyslipoproteinemia 74 (88.1) 70 (87.5) 0.91 28 (93.3) 46 (85.1) 0.27
Prediabetes 34 (40.5) 18 (22.5) 0.01 12 (40) 22 (40.7) 0.95
CKD 15 (17.9) 19 (23.8) 0.35 7(23.5) 8 (14.8) 0.33
Abdominal obesity 53 (63.1) 48 (60) 0.68 23 (76.7) 30 (55.6) 0.06

The study was conducted in two stages. At stage 1,
a search was performed for non-lipid genetic predictors of
CHD without taking into account the characteristics of its
clinical course. For this purpose, all patients were distributed
into two groups depending on the presence or absence of
CHD. All patients underwent genetic typing of innate immunity
(human leukocyte antigen class 2 (HLA-DRBT), TLRs type 3
(TLR3-412 L/F)), inflammatory cytokines (IL-6 (-174 C/G,
rs1800795), IL-1b (-511 T/C, -1473 G/C), IL-10 (-1082 G/A,
rs1800896), tumor necrosis factor a (-308 G/A), blood
pressure regulatory systems (angiotensin-converting enzyme
(ACE) (ACE Alu /D, rs 4646994), angiotensin 2 (-235 M/T),
hemostatic system (type 1 plasminogen activator inhibitor
(SERPINE 1 (PAI-1)-675 5G/4G), coagulation factor 13
(F13A1-35 V/L), integrin beta 3 (/TGB3-33 L/P), folate cycle
of methylenetetrahydrofolate reductase (MTHFR) -677 C/T,
rs 1801133), methionine synthase reductase (MTRR-66
A/G, rs 1801394), and apoptosis inducers, namely, ataxia-
telangiectasia mutation (ATM-185 Asp/Asn, rs 1801516).
At stage 2, the possibility of identifying genetic predictors of
the complicated course of CHD with the development of MI
was studied.

Peripheral blood from patients was used for genetic
typing and collected in ethylenediaminetetraacetic acid tubes
upon discharge. Deoxyribonucleic acid (DNA) extraction was
performed using the GS-Genetics kit, and DNA was amplified
using the DT-Prime device from DNA Technology (Russia).

The study was conducted as part of the Virus research
project and adhered to the provisions of the Declaration of
Helsinki. It was approved by the ethics committee of the
S.M. Kirov Military Medical Academy (Protocol No. 271,
November 22, 2022). All patients signed informed, voluntary
consent for medical intervention, personal data processing,
and study participation.

When describing data for numerical normally distributed
variables, the mean and standard deviation M (SD) were used,

DOl https://doi.org/10.17816/brmmab26848

whereas the median and interquartile range Me [Q,-Q,] were
used for non-Gaussian variables. Descriptive statistics used
the number of occurrences of each value and the proportion
of each value relative to the entire sample n (m%) for nominal
and ordinal data. The search for differences was performed
by testing statistical hypotheses. For normal samples,
the Student’s t-test was used; for non-Gaussian samples,
the Mann — Whitney U test was used. Nominal and ordinal
samples were compared using the chi-square test, and
Fisher's exact test was used for small samples (at least one
of the expected values less than 10). In all hypothesis testing
cases, the difference was considered statistically significant
at p < 0.05. Calculations were performed in the statistical
package R, version 4.3.1.

RESULTS AND DISCUSSION

It was established that the presence of CHD in HD patients
was associated with a significant predominance of genetic
biomarkers in only four single-nucleotide polymorphisms:
the hemostatic system (4G4G SERPINE 1), proinflammatory
cytokines (T allele IL-7b-511, C allele IL-1b-1473), and innate
immunity (FF TLR3-412) (Fig. 1).

The development of Ml was associated with two genetic
polymorphisms, namely, in the system of proinflammatory
cytokines (CC /L-6-174) and hemostasis (4G4G SERPINE 1)
(Fig. 2).

The association of genotype 4G4G polymorphism of
the SERPINE 1 gene of the hemostasis system with a high
risk of developing both CHD and Ml in CHD patients was
demonstrated. Thus, in the group of CHD patients, this
genotype was significantly more common (40% vs. 9.5%;
p = 0.007, odds ratio (OR) 11.4, 95% Cl 2.24-89.2). A similar
effect of this polymorphism was also demonstrated on
the risk of MI occurrence. In the group of patients with
a history of Ml, it was significantly more common (66.7% vs.
20.7%; p = 0.026, OR = 14, 95% Cl 1.85-296.1).
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p=0.033 p=0.021
60.9% 60.9%

p=0007

0,
0% 36.9%

9.5%

4G4G SERPINE 1 allele TIL-1b -511

34.9% p=0.046

25%

3.2%

allele C IL-1b -1473 ~ FFTLR3 -412

Fig. 1. Frequency of occurrence of genetic biomarkers in patients with hypertension associated with the development of coronary heart

disease

Puc. 1. YacTota BcTpeyaeMocTv reHeTUHeCKMX BrioMapKepoB Y NaumeHToB, cTpaaatowumx I'b, accouumpoBaHHbix ¢ pa3sutem UBC

Myocardial infarction

p=0.004
26.5%

2%

CCIL-6 -174

Stable IHD

66.7%

20.7%

464G SERPINE 1

Fig. 2. Frequency of occurrence of genetic biomarkers in patients with stable ischemic heart disease and post-myocardial infarction
Puc. 2. YacToTa BCTpeyaeMoCTh reHeTUHECKUX BoMapKepoB Y NaLmMeHToB €o cTabunbHbIM TedeHneM UBC v nepeHecumx UM

A meta-analysis by Y. Liu et al. [15], which included
almost 150,000 people from different ethnic populations,
demonstrated an association between the polymorphism of
this gene and the development of atherosclerotic diseases.
The study by A.L. Gonchar et al. [16] showed an almost
twofold excess of the occurrence of the 4G4G genotype in
patients with a history of Ml (41.2% vs. 28.7%; p = 0.01).
A more modern study by A. Bayramoglu [17] demonstrated
the negative contribution of this genotype to the development
of coronary atherosclerosis. This adverse effect may be
attributed to the higher expression of tissue plasminogen
activator type 1 in its carriers [18]. It has long been known
that it is a potent antifibrinolytic enzyme [19]. In this regard,
the progression of atherosclerotic lesions in the coronary
vessels in carriers of this genotype can be due to the high
potential for thrombogenesis resulting from the low activity
of the antifibrinolytic system.

Our study also showed an association between
polymorphisms of proinflammatory cytokine genes and

DOl https://doi.org/10.17816/brmmab26848

the development of CHD and MI. Specifically, the T allele
of the IL-1b-511 gene polymorphism was associated with
the presence in CHD patients (60.9% vs. 36.9%; p = 0.033,
OR = 2.66, 95% Cl = 1.09-6.78). However, there are
contradictory opinions regarding the association of this
allele with the risk of developing CHD. For example, a meta-
analysis by L. Zhou [20] found that this polymorphism has
no association with the development and progression of
atherosclerotic lesions of the coronary arteries. Conversely,
the study by H. Rai [21] showed the protective function of
the T allele and the negative function of the C allele of this gene.
According to their data, carriage of the C allele significantly
increases the risk of CHD (p = 0.041, OR = 1.36). Additionally,
E.A. Zakharyan and 0.Yu. Gritskevich [22] revealed an
association between the TT genotype and the development
of CHD in Caucasians. In their study, this genotype increased
the risk of CHD by two times (OR = 2.2, 95% CI = 1.3-3.6).
It is most logical to explain such heterogeneity in the results
of researchers by ethnic differences in the studied groups of
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patients. All this again confirms the need for new research
and reassessment of the contribution of this polymorphism to
the development of cardiovascular pathology. An association
with CHD was also revealed for the C allele of the IL-1b-1473
gene polymorphism. This allele was noted significantly
more often in the group of CHD patients (60.9% vs. 34.9%;
p=0.021, 0R = 2.9, 95% Cl = 1.97-7.4). Currently, there is no
convincing information about the effect of this polymorphism
on cardiovascular pathology.

Our study also revealed a correlation of the CC genotype
of the IL-6-174 C/G gene polymorphism, rs 1800795, with
the development of MI in patients with stable CHD. This
genotype was detected significantly more often in patients
with a history of MI (26.5% vs. 2%, p = 0.004, OR = 25.7, 95%
Cl = 3.85-520.71). A number of studies have noted a similar
correlation between the carriage of this genotype and the risk
of developing thrombosis in various locations, including
the coronary arterial bed. Thus, a meta-analysis of about
30.000 patients convincingly demonstrated the association
of this genotype with the risk of Ml and other arterial
thrombosis [23]. This can be due to a higher level of IL-6
expression in carriers of this polymorphism [24].

We also established an association between
polymorphism of the TLR gene, related to the innate
immune system, and the occurrence of CHD. Thus, in
the group of CHD patients, the FF genotype of the TLR3-412
gene polymorphism was significantly more common (25%
vs. 3.2%; p = 0.046, OR = 10.33, 95% Cl = 1.1-119.58).
There are currently no studies regarding the contribution of
this polymorphism to the course of CVDs, particularly CHD.
However, a number of publications assess the association
of this polymorphism with negative and protective effects
in relation to a number of other nosologies. Currently, an
association of this polymorphism with some autoimmune and
oncological diseases has been established [25-28]. TLR3 is
known to bind double-stranded ribonucleic acid (RNA) of
viruses, bacteria, fungi, and messenger RNA isolated from
necrotized cells [29].

An interesting study was conducted by G. Cooke et al.
[30] demonstrated an association of the FF genotype with
an enhanced proliferation potential of fibroblasts. This may
well explain the progression of atherosclerotic lesions of
the coronary arteries in patients carrying this genotype.

Overall, we have obtained data on the influence of
the main non-lipid genetic biomarkers on the development
of CHD and MI in patients with HD. CHD predictors include
the 4G4G genotype of the SERPINE 1 gene polymorphism,
the TT genotype of the IL-1b-511 gene polymorphism,
the C allele of the IL-7b-1473 gene polymorphism, and
the FF genotype of the TLR3-412 gene polymorphism.

Tom 26, N 2, 2024

DOl https://doi.org/10.17816/brmmab26848

BecTHmK PoccuincKoit BOEHHO-MeANLMHCKOM aKaaemMuu

The negative impact of the 4G4G genotype of the SERPINE 1
gene polymorphism and the CC genotype of the IL-6-174 C/G,
rs 1800795 gene polymorphism has been proven in relation
to the risk of developing Ml in individuals with a stable course
of CHD. The use of these genetic biomarkers as predictors
of poor prognosis in patients with HD will allow for better
risk stratification and assessment of the prognosis in this
group, which will significantly reduce the costs of conducting
a genome-wide study.

CONCLUSIONS

Carriage of the 4G4G genotype of the SERPINE 1 gene,
associated with the potential for hypercoagulation, increases
the risk of CHD by four times.

Carriage of alleles and genotypes of proinflammatory
cytokines associated with their higher expression also
increases the risk of CHD and MI significantly more often,
namely, the TT genotype of the IL-1b-511 gene polymorphism
by more than two times, the C allele of the IL-1b-1473 gene
polymorphism by almost three times. Carriage of the CC
genotype of the IL-6-174 C/G gene polymorphism increases
the risk of occurrence of Ml in CHD patients by more than
10 times.

Polymorphisms of the TLR system genes are also
associated with the risk of CHD occurrence. Thus, in
the group of CHD patients, the FF genotype of the TLR3-412
gene polymorphism was eight times more common.
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