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Abstract

Aim — to study the distribution of allele frequencies of the polymorphic
marker 4G(-675)5G of the PAI-1 gene among patients with coronary heart
disease and individuals with risk factors for the development of coronary
heart disease.

Material and methods. The study included 63 patients with diagnosed coronary
heart disease, especially with stable angina (48 men and 15 women) hospitalized
in the 1st Cardiology Department of the Multidisciplinary Clinic of the Tashkent
Medical Academy. The average age of patients was 56.8+6.40 years (42-66 years
old). The state of hypercoagulability was assessed by measures of polymorphism
gene of PAI-1 and plasma level of PAI-1.

Results. The assessment of the frequency of various variants of the 4G(-
675)5G polymorphic marker of the PAI-1 gene showed that differences in
the distribution of the 5G/5G, 4G/5G, 4G/4G genotypes depending on the

functional class of coronary artery disease are not statistically significant, since
the chi-square test value was ¥?=1.85 (p>0.05). Based on the obtained results,
it can be assumed that the presence of hetero- and homozygous variants of
the 4G allele of the PAI-1 gene does not affect the severity of the disease, in
particular, the functional class of stable angina.

Conclusion. The 4G/5G polymorphism of the PAI-1 gene was significantly
associated with the risk of coronary heart disease in the Uzbek population.
When stratified by angina functional class, the results showed that the 4G/5G
polymorphism is associated with an increased risk of coronary heart disease
and higher plasma PAI-1 levels.
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Ponb ypoBHSI MHFTMOUTOpPA akTUBaTOpa
nna3muHoreHa-1 (PAI-1) B nnaaMe U reHeTu4eckoro
nonuMopdgusma reHa PAI-1 y naumMeHTOB C UleMn4eckKon
6one3Hblo cepaLa y36eKkCcKon nonynsumm

H.A. Kaaguposa!, H.M. HypunnaeBa?, B.b. lNetpoBa?, E.C. JlanteBa?, B.A. LLlyMkoB?

ITalWKeHTCKMIA roCyAapCTBEHHbIA MeanUMHCKuii yHuBepcuTeT (TawkeHT, Pecnybnuka Y36ekmcTaH)
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AHHOTaUuA

Lens — n3yueHue pacrpesiesieHus 4aCTOT ajulesieil HoJIMMOpPGHOTro MapKepa
4G(-675)5G rena PAI-1 cpeny manyeHTOB C HUIIIEMUYECKOl G0JIe3HbI0 CepAIia
(UBC) u mu ¢ dpaxkropamu pucka passurust UBC.

www.innoscience.ru

Marepuan u MeToabl. B rcciieoBanye 66110 BKIII0OYeHO 63 nalueHTa c iu-
arHo3oM «uiemuyeckas 6onesns cepa» (MBC), a uMeHHo co crabuiibHOM

creHokapyueit (48 My>darH 1 15 JKeHIYH), FOCIUTAIN3HPOBAaHHbIX B IIEPBOE
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Hayka n UHHOBauUuK B MeauLuHe

Kap/IOJIOTMIeCKOe OT/IeleHHe MHOTOIIPOGHITEHON KITMHUKY TalKeHTCKO
MeIUITMHCKOM akafemuy. CpeHUI BO3pacT IaIlMeHToB cocTaBui 56,8+6,40
rozia (ot 42 o 66 ser). CoCTOsIHHE THIIEPKOATYJIAIUN YCTaHABIMBAIOCh
110 aHanMu3y nonumopodusma resa PAI-1 u yposaio PAI-1 B mna3me KpoBu.
Pesynbrarel. OrieHKa BCTPEYaeMOCTH Pa3iIMIHbIX BAPHAHTOB HOJIMMOpPGh-
Horo mMapkepa 4G(-675)5G rena PAI-1 noka3aia, 4TO pa3jd4Ms B pac-
npepenenuu reHotunos 5G/5G, 4G/5G, 4G/4G B 3aBuCUMOCTH OT PyHK-
uoHanbHoro kiacca UBC He SBISIOTCS CTaTHCTHYECKH 3HAYUMBIMH,
TIOCKOJIbKY 3HaYeHHMe KpUTepHs XU-KBanpar cocrasuio X2=1,85 (p>0,05).
Ha 0CHOBAaHHH HOJyYEHHBIX Pe3yJIbTaTOB MOXHO MPEANOI0XUTh, ITO
HaJIM4YKe reTepo- ¥ FOMO3UTOTHHIX BapruaHToB amnens 4G rexa PAI-1 He

BIIUSIET Ha TSDKeCTh 3a60/1eBaHusl, B YaCTHOCTH Ha GpyHKIIMOHAJIBHBIH KITacc
CcTabUIIbHON CTeHOKapAUH.

BriBogsl. ITonmumopduam 4G/5G rena PAI-1 6bl1 BOCTOBEPHO acCOLMUPO-
BaH C PHCKOM MIIleMHYeCcKoy 60J1e3HM cepAilia B y36eKckoi nomynsaiyu. [1pu
CTpaTUpUKaIKK 110 GYHKIMOHAILHOMY KIIAaCCy CTeHOKAp/MK Pe3yJTbTaThl 110-
Kazanu, 4to nonumopdusm 4G/5G cBs3aH ¢ noBeieHHbIM prickoM UBC u
6omee BrICOKUMY ypoBHsiMU PAI-1 B miasme.

KirroueBrle cnoBa: ninemudeckasi 601e3Hb Cep/illa, MHTMOUTOP aKTHBa-
TOpa IJIa3MUHOTeHa, TeHeTHYeCKUH MOTMMOP(U3M, THIIepKOaryIsnus,
daxTops! pucka.

KoH(}IMKT HHTEpecoB: OTCyTCTBYeT.

Ansa uMTMpoBaHus:

Kapuposa H.A., Hypunnaesa H.M., MNetposa B.B., Jlantesa E.C., LymkoB B.A.

Ponb ypoBHs MHrMGMTOpa akTMBaTopa nnasMuHoreHa-1 (PAI-1) B nnasme

¥ reHeTM4eckoro nonumopguama reHa PAI-1 y naumMeHTOB € MEeMUYecKoin 6onesHbio
cepaua ys6ekckow nonynsuuun. Hayka u uHHosayuu B MeduyuHe. 2025;10(4):283-289.
DOI: https://doi.org/10.35693/SIM690347

CeefieHus 06 aBTopax

Kaauposa H.A. — kaHA. Mefl. HayK, aCCUCTEHT Kadpeapbl BHYTPEHHUX
6onesHeit B ceMeiiHoit MeauumHe Nel.

ORCID: https://orcid.org/0000-0003-0156-1304

E-mail: xasanova_nargiza@bk.ru

*Hypunnaesa Haprusa MyxTtapxaHoBHa — A-p MeA. Hayk, npodheccop,
3aBeqyoLas kadeapoit BHYTPeHHUX 6onesHeit B cemMeiiHoi MeaumumHe Nel.
ORCID: https://orcid.org/0000-0001-5520-675X

E-mail: nargizanur@yandex.ru

MetpoBa B.B. — kaHA. MeA. HayK, aCCUCTEHT Kadeapbl repuatpuu,
NPONEAEBTUKN 1 YNPAB/IEHNS B CECTPUHCKOM AATENbHOCTY.

ORCID: https://orcid.org/0009-0003-0467-9567

E-mail: nikkioO7@mail.ru

NanteBa E.C. — kaHA. Meq. Hayk, AOLEHT, 3aBefytoLas kacdenpomn
repuaTpum, NPONeaeBTUKM U YNPaBNEHUS B CECTPUHCKOM AEATENBHOCTY.
ORCID: https://orcid.org/0000-0002-0857-1786

E-mail: ekaterina.lapteva@szgmu.ru

LlymkoB B.A. — accucTeHT kadenpbl repuatpum,

NPONEAEBTUKW 1 YNPABEHNS B CECTPUHCKOM AEATENBHOCTY.

ORCID: https://orcid.org/0000-0001-9055-432X

E-mail: shumkovVA@mail.ru

*ABmop Onsi nepenucku

Cnucok cokpalieHui

CC3 — cepneyHo-cocyamucToe 3abonesaHue; MBC — nwemnyeckas 6onesHb
cepaua; PK — yHkUMoHanbHbI knacc; CC — cTabunbHas cTeHokapaws;
MM — uHdapkT Mrokapaa; TAP — TpeBoXHO-AenpeccuBHOE pacCTPOCTBO;
'XC — runepxonectepuHemus.

Monyuexo: 14.09.2025

Opo6peHo: 23.10.2025

Ony6nukoBaHo: 25.10.2025

m INTRODUCTION

ccording to a 2022 report from the State Statistics

Committee of the Republic of Uzbekistan, the total
number of deaths between January and December was
172,100. Among these, diseases of the circulatory system
accounted for 55.5% of all registered mortality (source:
State Statistics Committee of the Republic of Uzbekistan,
2022). Young survivors of arterial thrombotic events face
higher mortality and morbidity rates compared to the general
population, primarily due to an elevated risk of cardiovascular
recurrences [1,2]. These findings emphasize the urgent need for
novel diagnostic and therapeutic strategies for cardiovascular
disease. This is particularly critical for younger patients, as the
impact on their quality of life and the resulting socioeconomic
burden are magnified by their longer life expectancy.

It is commonly known that hypercoagulability is a
significant risk factor for myocardial ischemia. While
hypercoagulability increases the risk of arterial thrombosis,
the magnitude of this effect may vary across different
clinical manifestations of arterial disease [3]. Platelets
play a pivotal role in thrombus formation and propagation,
making them the primary target of antithrombotic therapy
in arterial disease [4]. Nevertheless, arterial thrombus
formation is also driven by the activation of the plasma
coagulation cascade [5].

Fibrinolysis is a process governed by the complex
interplay of various plasminogen activators and inhibitors,
forming an enzymatic cascade that ultimately leads to fibrin
degradation. The plasminogen activator system is pivotal
in numerous physiological and pathological contexts.
Plasminogen activator inhibitor-1 (PAI-1), a member of
the serine protease inhibitor (serpin) superfamily, is the
primary physiological inhibitor of both tissue-type (tPA) and
urokinase-type (uPA) plasminogen activators, the enzymes
responsible for converting plasminogen into its active form,
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plasmin [6]. Plasminogen is mainly found in the plasma and
is synthesized predominantly in the liver. Its conversion into
plasmin is facilitated by two main activators: the urokinase-
type plasminogen activator (uPA) and the tissue-type
plasminogen activator (tPA). The actions of these activators
are tightly controlled by specific plasminogen activator
inhibitors (PAIs), the most important one being plasminogen
activator inhibitor type 1 (PAI-1), initially characterized as
the endothelial cell-derived inhibitor [7]. Elevated PAI-1
expression in vivo inhibits fibrinolysis, leading to abnormal
fibrin deposition and subsequent tissue injury [8]. PAI-1
levels are influenced by several factors, including age, renal
insufficiency, systolic blood pressure, insulin resistance,
obesity, and triglyceride levels, but show no association
with cholesterol levels or smoking [8]. Both PAI-1 and TPA
antigen levels are predictive of cardiovascular disease (CVD)
events, even after adjustment for established risk factors.
Furthermore, a serial increase in PAI-1 is associated with
a progressively higher risk. These findings underscore the
importance of the fibrinolytic system in the pathogenesis
of CVD.

Additionally, there is evidence that PAI-1 plasma
concentration is influenced by genetic variation. Several
genetic polymorphisms have been identified at the PAI-1 gene
locus on chromosome 7 [10, 11]. Among these, a guanine
insertion/deletion polymorphism known as —675 4G/5G,
located in the promoter region, has been reported in numerous
studies to be associated with PAI-1 plasma levels [12]. Of the
known polymorphic sites in the PAI-1 gene region, only the
—675 4G/5G insertion/deletion polymorphism is suspected of
having functional significance [13,14]. This polymorphism
is considered an independent risk factor for ischemic heart
disease and/or acute myocardial infarction (MI). A large
cohort study (n=1179) demonstrated that the 4G/4G genotype
is more common in first-degree relatives of patients with

www.innoscience.ru
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Acetylsalicylic acid

75 mg 8 (12,6%)
100 mg 17 (26,9%)
Clopidogrel, 75 mg 38 (60,3%)
ACE inhibitors 19 (45,2%)
Angiotensin-II receptor blockers 12 (28,5%)
Beta-blockers 35 (55,5%)
Calcium channel blockers 38 (60,3%)
Statins 28 (44,4%)
Diuretics 17 (26,9%)
Nitrates 14 (22,2%)

Table 1. Drug therapy of patients included in the study

Tabnuya 1. Papmakonozuyeckass mepanusi BKIIHOYEHHbIX B
uccnedoBaHue nayueHmos

coronary heart disease than in individuals without a family
history of the condition [15].

The strength of this association may vary significantly
across populations, and some ethnic groups may show a weak
or absent link. This variability is likely due to the complex
interaction of population-specific genetic and environmental
factors.

The relationship between the PAI-1 4G/5G polymorphism
and traditional ischemic heart disease risk factors in patients
with stable coronary artery disease remains a subject of
ongoing research. Al-Wakeel et al. found no significant
association between the PAI-1 4G/5G polymorphism and
coronary artery disease risk in an Egyptian population [16].

m AIM

To study the distribution of allele frequencies of the
polymorphic marker 4G(-675)5G of the PAI-1 gene among
patients with coronary heart disease and individuals with risk
factors for the development of coronary heart disease.

m MATERIAL AND METHODS

Our study included 63 patients diagnosed with
ischemic heart disease, specifically stable angina, who
were hospitalized in the I Cardiology Department of the
Multidisciplinary Clinic of Tashkent Medical Academy. The
patient group consisted of 48 men and 15 women, with a
mean age of 56.8 + 6.40 years (range 42-66 years). The mean
age was 56.4 + 6.60 years for men and 58.0 + 5.52 years for
women. The control group comprised 65 apparently healthy
individuals.

The diagnosis of stable angina was established according
to the ischemic heart disease classification adopted at the
IV Congress of Cardiologists (2000). The functional class
(FC) of stable angina was determined using the Canadian
Cardiovascular Society classification and exercise stress
testing (bicycle ergometry).

Exclusion criteria: unstable angina, acute or chronic heart,
kidney or liver failure, arrhythmia, acute cerebrovascular
accident, diabetes mellitus associated myocardial infarction,
malignant neoplasia.

To address the study objectives, all patients were divided
into two groups based on the functional class of stable angina.
The first group included 24 patients (38.1%) with FC II stable
angina, while the second group consisted of 39 patients
(61.9%) with FC III stable angina.

Hypercoagulability was assessed by measuring the PAI-1
gene polymorphism and plasma PAI-1 levels. Venous blood
samples (3 mL) were collected from the cubital vein for
genetic analysis. DNA analysis of the PAI-1 gene (4G/5G)
was performed using multiplex PCR on CG-1-96 (“Corbett
Research”, Australia) and 2720 (“Applied Biosystems”, USA)
thermal cyclers with reagent kits from “Geno Technology”
according to the manufacturer’s protocol. Plasma PAI-
1 levels were measured using ELISA with commercially
available kits.

Additionally, our study evaluated major IHD risk factors
including obesity, smoking, and anxiety-depressive disorder
(ADD). Obesity was assessed using Quetelet’s index.
Smoking status was evaluated with the Fagerstrom test, while
anxiety-depressive disorder was measured using the Hospital
Anxiety and Depression Scale (HADS). The patients included
in the study received pharmacological therapy (Table 1).

m RESULTS

This study is the first to examine the frequency distribution
of PAI-1 gene genotypes and their association with major IHD
risk factors in Uzbek patients with stable angina. Patients of
Uzbek nationality with stable angina were selected to identify
additional prognostic criteria. To clarify the pathogenetic
significance of PAI-1 gene polymorphism across different
functional classes of stable angina, PCR analysis of the PAI-1
gene was performed in the study population.

During genotyping of 63 IHD patients with stable angina,
2 patients (3.3%) were excluded from the study due to blood
storage errors. The resulting data on allele and genotype
frequencies of the PAI-1 4G/5G polymorphism in the
specified stable angina groups are presented in Tables 2-3.

The population distribution of PAI-1 gene alleles was
investigated in 61 IHD patients (122 chromosomes). The
frequency of the 4G allele in this group was 45.1% (n=55).
We identified 13 homozygous and 29 heterozygous carriers
of this allele. The frequency of the 5G allele in the main
patient group was 54.9% (n=67). This allele in homozygous
state was found in 19 individuals. The distribution patterns
of PAI-1 gene allele genotypes in IHD patients are visualized
on the PCR product electrophoregram and presented in
Figure 1.

5G/5G G5/G4 4Gl4G

. Allele frequency Genotype distribution frequency

Main group (n=61) 54,9 55

45,1 19 31,1 29 47,5 13 21,3

Table 2. Frequency of distribution of alleles and genotypes of G5/G4 polymorphism of PAI gene in group of patients with IHD and healthy

individuals

Ta6nuua 2. Yacmoma pacnpedeneHusi annenell u eeHomunoB nonuMopgusma G5/G4 zeHa PAl B epynne nayueHmos ¢ MIBC u 300poBbIx

nayueHmos
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Main group (n=61)

Genotype frequency distribution
Total ©
5G/5G G5/G4 4G/4G
19 29 13
n=61

Expected frequency (n=61) 25,66
Control group (n=65) 34
Expected frequency (n=65) 27,34
Total 53

26,14 9,2
25 6 7,00 0,03
n=65
27,86 9,8
54 19 n=126

Notes: x? = AMOUNT (observed - expected)2/ expected = ((19-25,66)2/25,66)+((29-26,14)2/26,14)+((13-9,2)2/9,2)+((34-27,34)2/27,34)+

((25-27.86)2/27,86)+((6-9,8)2/9,8)=7,00.

Degree of freedom (df)=( number of columns-1)*( Number of lines-1)=(3-1)%*(2-1)=2

Our indicator is in the area p<0.05, calculated with the help of Microsoft Excel p=0.03.
Table 3. Distribution of frequencies of genotypes under Hardy-Weinberg’s law. Expected and observed frequencies of distribution of

genotypes in the main and control groups

lNpumedaHus: X2 = AMOUNT (Habn. — oxud.)2 / oxuo. = ((19-25, 5,66)+((29-26,14 ,14)+((13-9, ,2)+((34-27,34)2/27,34)+((25-27, 7,86)+
X O (Hab. 0.)2/ 0. = ((19-25,66)2/25,66)+((29-26,14)2/26,14)+((13-9,2)2/9,2)+((34-27,34) 2/27,34)+((25-27,86) 2/27,86)

((6-9,8)2/9,8)=7,00.

CmeneHb cBo600bI (df) = (kon-Bo cmonbuos - 1) * (Kon-Bo cmpok - 1) = (3-1)%(2-1)=2

lMokasamenb Haxodumcs B 30He p<0,05, paccyumaH ¢ noMowbto Microsoft Excel, p=0.03.

Tabnuya 3. PacnpedeneHue 4yacmom 2eHomunoB B COOMBemcmBuU C 3aKOHOM Xapou — BaliH6epaa.
HabéntodaeMble u oxxudaembie Hacmomsl 2eHOMUNOB B OCHOBHOU U KOHMPobHOU epynnax

For this polymorphism in patients with stable angina
and conditionally healthy donors, the observed genotype
distribution corresponded to theoretical expectations and
showed relatively high observed (Hobs) and expected (Hexp)
heterozygosity under Hardy-Weinberg equilibrium (p<0.05).
Based on the Chi-square statistic (x*=7.00), statistically
significant differences in the distribution of genotypes
5G/5G, 5G/4G, and 4G/4G were established between patients
in the main group and probands in the control group (p<0.05).

Genetic analysis of Uzbek individuals revealed that the
4G allele of the PAI-1 gene occurs more frequently in IHD
patients than in healthy controls. The homozygous and
heterozygous states of this allele were observed in 21.3% and
47.5% of patients respectively, compared to 9.2% and 38.5%
in the control group. These findings indicate the potential
influence of the PAI-1 4G allele, particularly in heterozygous
state, on IHD development.

The 5G/5G genotype, considered favorable, was reliably
more frequent in the group of healthy controls: in 34
individuals (52.3%) vs. 19 patients (31.1%) in the IHD group.
Thus, the identified differences are statistically significant
and are not random (p<0.05).

The distribution of the frequencies of the polymorph
marker 4G(-675)5G of the PAI-1 gene in the IHD patient
groups depending on the stable angina functional class is
presented in Table 4.

9 10 11 - 12 13 14 15 16

L e S W WO W W RS

Figure 1. Electrophoregram of PCR products of G5/G4
polymorphism of PAI gene.

PucyHok 1. 3nekmpocpopezpamma npodykmos [1L|P
nonumopdusma G5/G4 zeHa PAI.
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Analysis of IHD patient subgroups stratified by functional
class revealed differences in allele and genotype frequency
distribution of the 4G(-675)5G polymorphism of the PAI-
I gene (rs1799768). Among 24 patients with FC II stable
angina, genotype distribution was as follows: 4G/4G — 4
patients (16.7%), 4G/5G — 14 patients (58.3%), and 5G/5G
— 6 patients (25.0%). In contrast, among 37 patients with FC
I1I stable angina, the distribution was as follows: 4G/4G — 9
patients (24.3%), 4G/5G — 15 patients (40.5%), and 5G/5G
— 13 patients (35.1%).

Assessment of genotype distribution for the 4G(-675)5G
polymorphism in the PAI-1 gene established that differences
in 5G/5G, 4G/5G, and 4G/4G genotype distribution across
cardiovascular disease functional classes were not statistically
significant (x*=1.85, p>0.05). These results suggest that the
presence of heterozygous and homozygous 4G alleles of the
PAI-1 gene does not influence disease severity as measured
by stable angina functional class.

When genotyping the studied groups for the frequency
of the favorable homozygous 5G/5G genotype of the PAI-1
gene, a low frequency of this genotype was recorded in the
group of patients with CVD at 31.1% of cases, compared
to a statistically significant higher occurrence of the 5G/5G
genotype at 52.3% of cases among healthy individuals. The
occurrence of the heterozygous polymorphic genotype 4G/5G
of the PAI-1 gene in patients with CVD was statistically
significantly higher at 47.5% of cases compared to 38.5%
in the control group (p<0.05), indicating the probability of
high prevalence of this genotype among persons of Uzbek
nationality.

Correlation of IHD risk factors and PAI-1 gene
polymorphism

This study is the first to examine the frequency of mutagen
genotypes of the PAI-1 gene and to clarify their association
with major IHD risk factors in cardiovascular disease
development.

No clear indications of synergistic interaction effects
were observed between the PAI-1 4G/5G polymorphism
and the environmental exposures considered (smoking,
physical inactivity, overweight, diabetes mellitus,

www.innoscience.ru
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PAI-1 gene, identified genotypes,
%)

n (%) Total

6(25%) 14 (58,3%) 4 (16,7%) 24 (39,4%)

Stable angina, Il FC

Stable angina, Il FC 13 (35,1%) 15 (40,5%) 9 (24,3%) 37 (60,6%)
Table 4. Distribution of frequencies of genotypes of a polymorphic

marker 4G(-675)5G of PAI-1 gene in the main group

Tabnuua 4. PacnpedeneHue yacmom 2eHomunoB NOAUMOPEHO20
mapkepa 4G(-675)5G zeHa PAI-1 B ocHoBHOU epynne

PAI-1, gene, |dent|f|ed
genotypes, N Total

Stable angina, 6 14
B n=24
f,;gﬁgfg, 748 1,41 511
iable angina, 13 15 9 185 039
Expected n=37
frequency 11,52 17,59 7,89
Total 19 29 13 n=61

Notes: 2 =AMOUNT (observed - expected)2/observed = 1,85. Degree of
freedom (df)=(Number of columns-1)*(Number of lines-1)=(3-1)*(2-1)=2. On
the p<0.05 significance level, with 2nd degree of freedom, the number in

the table must be equal to 5,99. But we have 1,85. Our indicatorpis in the
areap>0.05, calculated in calculations with the help of Microsoft Excel p=0.39.

Table 5. Distribution of frequencies of genotypes of a polymorphic
marker 4G(-675)5G of PAI-1 gene in subgroups of IHD patients

Mpumeyarus: X2 =AMOUNT (Habn. — oxud.)2/oxud. = 1,85. CmeneHb
cB0600b! (df)=(kon-Bo cmobnyos-1)*(kon-8o cmpok - 1)=(3-1)*(2-1)=2. Mpu
ypoBHe 3Haqyumocmu p<0,05 co Il cmeneHbto cB0600bI mabnuyHoe 3Ha4yeHue
00/mKHO 6bimb paBHbIM 5,99. B HaweM criyyae daHHas BenuduHa pasHa 1,85.
lNokasamenb Haxooumcs B 30He p>0,05, paccyumaH ¢ noMowbto Microsoft
Excel, p=0,39.

Tabnuuya 5. Yacmoma pacnpedeneHusi 2eHOmMuUNOB NOIUMOPGHOZ0
mapkepa 4G(-675)5G ezeHa PAI-1 B nodzpynnax nayueHmos ¢ MI6C

hypercholesterolemia, hypertension, elevated C-reactive
protein, and hypertriglyceridemia) [17].

Given the multifactorial nature of IHD pathogenesis,
i.e., the presence of multiple risk factors leading to disease
development and progression, we analyzed the association
of the 4G(-675)5G polymorphism of the PAI-1 gene with
clinical and anamnestic data such as smoking, concomitant
arterial hypertension, obesity, hypercholesterolemia,
and hypodynamia in the studied groups. The analysis of
genotyping for favorable (5G/5G), polymorphic (4G/5G),
and mutagen (4G/4G) genotypes of the PAI-1 gene depending
on the presence of various IHD risk factors is presented in
Table 6.

The analysis of the relationship between non-modified
and modified risk factors with 5G/5G, 4G/5G and 4G/4G
genotypes of the PAI-1 gene established that genotyping
between groups did not differ significantly by age, while
hereditary burden for IHD was more frequently observed
in heterozygous polymorphic genotype (61.5%) and also
in homozygous 4G/4G genotype (65.5%) of IHD patients.
Among patients of the main group with 4G/4G genotype,
obesity of varying degrees was recorded in 46.2% of cases,
with 4G/5G genotype in 37.9%, and with 5G/5G in 26.3%,
therefore more frequently in patients with SA with obesity
including third degree, the 4G/4G genotype was identified.

The association of the 4G/4G genotype with smoking was
among the most significant findings: among patients with

www.innoscience.ru

IHD patients (n=61)

Parameter 4Gl4G 4GI5G 5G/5G

genotype genotype genotype
n=13 (21,3) n=29 (47,5) n=19 (31,1)

Age, years 59,4 56,7 57,6

Hereditary burden 8 (61,5) 19 (65,5) 9 (47,4)

Obesity degree (kg/m2):

Normal BMI 1(7,6) 3 (10 3) 5(26,3)

Excess weight 6 (46,2) 15(51,7) 9 (47,4)

1 degree 4 (31) 5(17,2) 3(15,8)

2 degree 1(7,6) 6 (20 7) 2 (10 5)

3 degree 1(7,6)

Smoking, n (%) 8 (61,5)* 9 (31,0) 5(26,3)

értgrilal hy|laertenfsion, n (%) 3(23.1)

ubclinical manifestations b

Arterial hypertension, n (%), 271((2742‘12) 122((160351))

Clinical manifestations 9 (69,3) ’ ’

Hypercholesterolemia 11 (84,6)* 18 (62,1) 9 (47,4)

Notes: P<0.001.

Table 6. The characteristic of RF at patients with different genotypes
of a polymorphic marker 4G(-675)5G of gene PAI-1

lNpumeyaHusi: P<0.001.

Tabnuya 6. Xapakmepucmuka ¢hakmopoB pucka y nayueHmoB C
pasnu4yHbIMU 2eHomunamu nonuMopgHoeo mapkepa 4G(-675)5G
2eHa PAI-1

the heterozygous genotype, smokers accounted for 61.5%
of cases, compared to 31% and 26.3% of smokers among
patients with the 4G/4G genotype and homozygous wild-type
5G/5G genotype, respectively. The presence and severity of
concomitant arterial hypertension in the main patient group
were highest in individuals with the 4G/4G genotype (92.4%)
and 4G/5G genotype (96.5%), while among patients with
the 5G/5G genotype, arterial hypertension was detected less
frequently in 73.6% of cases. Additionally, we measured
plasma PAI-1 levels and obtained the following results
(Table 7).

The mean PAI-1 level in patients with the 5G/5G genotype
was 33.3 + 2.07 ng/mL, while in those with the 4G/4G
genotype it was 72.0 + 7.6 ng/mL, a statistically significant
difference (P < 0.001). Plasma PAI-1 levels were significantly
higher in patients with FC III stable angina compared to those
with FC II. All patient groups were comparable in age, lipid
profile, and coagulogram parameters. Furthermore, patients
carrying the 4G/4G genotype with FC III stable angina
demonstrate an increased risk of elevated PAI-1 levels.

m DISCUSSION

Cardiovascular disease involving disturbances in the
haemostatic system may lead to thrombotic complications with
clinical manifestations such as acute myocardial infarction
(AMI) and stroke [18]. Some individuals demonstrate an

PAI-1 gene, identified genotypes
5G/5G 4GI5G 4Gl4G
PAI-1 level in stable angina
patients (ng/mL) 33,3+2,07* 54,8+3,47 72,0+7,6%

lMNpumeyaHusi: *P<0,001.

Table 7. Plasma level of PAI-1 depending of genotypes of PAI-1
gene in patients with ischemic heart disease

Tabnuua 7. YposeHb PAI-1 B nna3me B 3aBUCUMOCMU OM
nonumopgusma eeHa PAI-1 'y nayueHmos ¢ MIBC

Notes: *P<0.001.
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abnormal propensity to develop venous or arterial thrombosis,
experiencing thromboembolic events relatively early in life
or suffering recurrent events [19]. Based on these findings,
we aimed to investigate hemostasis system alterations at the
genetic level in patients with stable coronary artery disease.
While well-defined associations have been established between
hypercoagulable states and thrombosis in the venous system,
determining causative or contributing roles of these same
thrombophilic conditions in arterial thrombosis has proven
considerably more challenging [20].

Our findings suggest that increased coagulation tendency,
associated with high plasma PAI-1 levels and polymorphic
genotypes of the PAI-1 gene (particularly 4G/4G), elevates
the risk of cardiovascular events in patients with stable
ischemic heart disease. The coagulation assessment included
fibrinolytic markers of hypercoagulability, weighted by acute
myocardial ischemia risk, as these markers proved primary
in stable coronary heart disease where hypercoagulability
plays a major role. Several studies have identified PAI-1 as an
informative marker for assessing hypercoagulability in acute
coronary syndrome patients. The first study demonstrating
association between the PAI-1 4G allele and higher
myocardial infarction risk in 100 young Swedish men (35-45
years) was published in 1995 [21]. Individuals homozygous
for the 4G allele exhibit higher plasma PAI-1 levels than those
homozygous for the 5G allele. The molecular mechanism
underlying these allelic differences in PAI-1 synthesis was
determined by examining allele binding capacity: both
alleles bind to gene transcription activators, but the 5G
allele additionally contains a binding site for a transcriptional
repressor [21]. Various studies report approximately 25%
higher PAI-1 levels in 4G/4G genotype carriers compared to
5G/5G carriers. Compared to the 5G allele, 4G allele carriers
demonstrate higher PAI-1 concentrations and thrombosis risk.
Both heterozygous and homozygous 4G allele carriers show
elevated plasma PAI-1 levels [22] and increased risk of acute
coronary syndromes [23].

Several studies have demonstrated the relationship between
plasminogen activator inhibitor-1 levels and both stable and
unstable coronary artery disease [23, 24]. In patients with
myocardial infarction, a clear association exists between PAI-
1 levels and response to fibrinolytic therapy, as confirmed by
multiple studies [25]. However, data remain limited regarding
the association between stable ischemic heart disease and
both PAI-1 levels and its polymorphisms. In our study, no
differences were observed between groups in terms of age or
gender. Plasma PAI-1 levels and 4G/4G genotype frequency
were significantly elevated, particularly in patients with FC
III stable angina compared to FC II. Furthermore, patients
with the 4G/4G genotype showed significantly higher plasma
PAI-1 levels than those with the 5G/5G genotype [26]. A
2022 meta-analysis indicated that the PAI-1 4G>5G SNP was
associated with decreased IHD risk in the overall population
and in Asian, Caucasian, and Arab subgroups. In contrast,
the PAI-1 gene -844 G>A polymorphism demonstrated no
significant association with IHD susceptibility [27].

Our genetic analysis revealed that individuals with the
4G/4G genotype exhibit elevated plasma concentrations of
PAI-1. This finding aligns with in vitro studies demonstrating
that the 4G allele is associated with enhanced transcriptional
activity of the PAI-1 promoter compared to the 5G allele,
which creates an additional repressor-binding site in 5G
carriers [28].

This finding holds clinical significance, as fibrinolysis
plays a crucial role in the pathogenesis of both acute
myocardial infarction and stable coronary artery disease.

m CONCLUSION

The 4G/5G polymorphism of the PAI-1 gene was
significantly associated with the risk of coronary heart
disease in the Uzbek population. When stratified by stable
angina functional class, the results showed that the 4G/5G
polymorphism is associated with an increased risk of
ischemic heart disease and higher plasma PAI-1 levels. »=
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