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Abstract

Background. Miscarriage is relevant medical and social problem, according to WHO its frequency is 20% and has no
tendency to decrease, despite effective modern methods of diagnosis and treatment. The aim was to study alleles and single
nucleotide polymorphisms (SNP) population frequencies of the coagulation system and cardiovascular system genes,
associated with idiopathic recurrent pregnancy loss (iRPL) development as a risk factor in an ethnically homogeneous
Kazakh population: MTHFR (C677T, A1298C), MTR (A2756G), MTRR (A66G), F5 (A506G), F2 (G20210A), FGB (G455A),
ITGB (Leu33Pro), PLANH1 (5G / 4G); GPla (C807T), AGTR1 (A1166C), ACE (I / D), eNOS (Glu298Asp).

Materials and Methods. The genomic database was analysed based on the results of genotyping of 700 conditionally
healthy individuals of Kazakh nationality ~2.5 million SNPs using OmniChip 2.5 M lllumina chips at the DECODE Iceland
Genomic Center as part of the joint implementation of the project “Genetic Studies of Preeclampsia in Populations of Central
Asia and Europe” (InterPregGen) within the 7th Framework Programme of the European Commission under Grant
Agreement No. 282540.

Results. The Kazakh population occupies an intermediate position between Europe and Asia populations described in
project 1000 genomes by genes of the coagulation and cardiovascular systems. Distribution frequency analysis of the
studied genotypes in the Kazakh population showed their correspondence to Hardy-Weinberg equilibrium for the majority of
the studied polymorphisms (p>0.05), significant deviations from the expected heterozygosity demonstrated by the
polymorphisms A1298C MTHFR gene (p<0.002) and A1166C AGTR1 gene (p<0,0001).

Conclusion. Coagulation and cardiovascular systems genes studied polymorphisms can be considered as possible
genetic factors for the development of iRPL, due to the high frequency of this pathology in different populations, and its
significant contribution to reproduction and fertility indicators. Conduct further studies to determine their significance in the
development of iRPL in the Kazakh population.
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Llenb uccnenoBaHus: u3yunTb NONynsLMOHHLIE OCOBEHHOCTM YacToTa Nneneny reHoTUNOB NOMMMOPMHBIX BapUaHToOB
reHOB CBepTbiBaloWen U kapanosackynspHoi cuctembl: MTHFR (C677T, A1298C), MTR (A2756G), MTRR (A66G), F5
(A506G), F2 (G20210A), FGB (G455A), ITGB3 (Leu33Pro), PLANH1 (5G/4G); GPla (C807T), AGTR1 (A1166C), ACE (I/D),
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eNOS (Glu298Asp), npeanonoXuTENbHO aCCOLMMPOBAHHBIX C  PasBUTMEM MAMOMATMYECKOA (HOPMbl  MPUBbLIYHOIO
HeBblHaLLMBaHMS 6EPEMEHHOCTU B STHUYECKW OAHOPOAHOM NONYNALMN Ka3axos.

Matepuansi u meTtoabl. [poBefeH aHanM3 reHOMHOM 6asbl AaHHbIX MO pesynbTatam reHoTunuposaHus 1800 ycnosHO
3[0POBbIX NUL| Ka3axckoil HaunoHansHocTh ~2,5 mnH SNP ¢ ncnonbaosanuem yunos OmniChip 2,5 M lllumina B F'eHOMHOM
ueHtpe DECODE Iceland B pamkax COBMECTHOTO BbINONMHEHUS MPoekTa «FeHeTUYECKMe UCCREAoBaHMs MpeskiaMncui B
nonynsuusix LlenTpanbHoi Asum u EBponbi» (InterPregGen) 7 pamouHon nporpammbl EBponeiickont Komwuccun no
'paHTOBOMY cornaLeHuio Ne. 282540.

PesynbTatbl. Kaszaxckas nonmynsuus no reHam CBEpPTbIBAIOLIEN M KapAMOBACKYMNSPHOMW CUCTEMbl MPU CPaBHEHUU C
OpYrMW MONYNAUMAMU MUPa 3aHWMAET MPOMEXYTOMHOE MOMOXEHWEe Mexay onucaHHbiMi B npoekte 1000 reHomos
nonynsuusmiu Esponbl 1 Asuu. AHann3 4aCTOTHOrO pacnpefeneHust UCCnefoBaHHbIX FeHOTUMOB B MOMYNsLMM Ka3axoB
nokasan WX COOTBETCTBME paBHOBECWIO Xapau-BaiHGepra ans OONbLUMHCTBA M3y4YeHHbIX nonumopdguamor (p>0,05),
[OCTOBEPHbIE OTKMOHEHUSI OT OXMOAEMOW reTepO3UrOTHOCTM MpOAEMOHCTpMpoBamu nonmmopduamel - A1298C reHa
MTHFR (P<0,002) n A1166C rena AGTR1 (P<0,0001).

BbiBogbI. B cBA3M C BbICOKOW YaCTOTOM MaMonaTMyeckoin (popMbl NPUBLIYHOTO HEBbIHALLMBaHUS 6epemeHHOCTH (UITHB)
B NONYNALMSX YEN0oBEKa, ee 3Ha4YMMbIM BKIAAOM B NOKasaTenu penposykLuyu U poXaaeMoCcTy, 13y4eHHble NonuMopduamsl
FEHOB CBEpPTLIBAKLIENA W KapAWOBaCKyNsPHOA CUCTEMbI MOXHO paccMaTpuBaTb Kak BO3MOXHbIE FEHETUYECKMe (haKTopbl
pasBUTUS JAHHOI NaTONOrMK, MPOBECTU AanbHERNe NccnefoBaHus 41s onpeseneHns nx sHaummocTy B pa3sutum ulHB B
Ka3axcKoi monynsuum.

Knroyeebie cnosa: nonumophusM 2eH08, 2eHomunbl, uduonamudeckas (hopMa NpusbIMHO20 He8bIHAWUBAHUS
bepemeHHocmu.
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TYCIKNEH BAUJIAHBICTbI FEHAEPAIH NONYNALUUANDbIK
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3epTTeydiH MakcaTbl: NONynsuMs epekLenikTepiH 3epTTey KoarynauusanblK >XKOHe KapauoBackynsprblk xyie
reHaepiHiH nonuMopdTbl HyCKanapblHblH, reHoTUnTepiHiH nnenus xuiniri: MTHFR (C677T, A1298C), MTR (A2756G),
MTRR (A66G), F5 (A506G), F2 (G20210A), FGB (G455A), ITGB3 (leu33pro), planh1 (5G/4G); Gpia (C807T), AGTR1
(A1166C), ACE (I/D), eNOS (Glu298Asp), 6ormkam BoiblHLLa nanonaTusblk hopMaHbiH AaMybIMeH 6annaHbICTbI.

Matepuanpap meH apictep. "OpTanblk A3us meH Eypona nonynsuwsnapbiHOaFbl NPe3knamncusiHbl reHeTuKanbIK
3eptTey” (Interpreggen) xobackiH Gipnecin opsiHaay weHbepinae decode Iceland reHomaelk optanbiFsiHaa OmniChip 2,5 M
illumina ynnTtepiH nanpanada otbipbin, 1800 WapTThl AeHi cay Kasak yNTbiHbIH, ~2,5 MnH SNP reHotunTey HaTuxenepi
OoibIHLWa reHoMAbIK AepekTep basackbiHa Tangay xyprisingi. 282540.

Hotuxenep. Kasak nomynsiumscel  onemHiH 6acka monynsuusnapbIMEH — CanbiCTbipfaHda YKo XeHe
KapaMoBacKynsipMblK XyAeHiH, reHomaapsl xobaga cunattanfad Eypona meH AsnsHbiH 1000 reHoMbl apacbiHaa apanbik
OpbIHAb! anafbl. 3epTTenreH reHoTUNTEPAIH Kasakrap nonynauuachbiHAa XUINiKTiK TapanybiH Tangay onapaslH, 3epTTenreH
nonumopcuaMaepaiH  kenwiniri ywiH Xapgu-BaiHbepr Tene - TeHpiriHe comkecTiriH kepcetTi (p>0,05), KyTineTiH
reteposuroTanbiktaH ceHimai aybiTkynap MTHFR reniHiH-a1298¢ nonumopduamaepiH kepcetti (P<0,002) xaHe AGTR1
reHinin, A1166C (P<0,0001).

KopbITbiHAbINGP. Agam nonynsuMsnapbiHha XyKTinikTiH, 9AeTTeri TYCiK TYCIpyiHiH, aMonaTusanblK TypiHiH XofFapbl
XMiniriHe, OHbIH, PenpomyKLMs XaHe Tyy KepceTKiluTepiHe eneyni yneciHe, rerfi YIo XoHe KapanoBackynaprblK XYNEHiH,
3epTTenreH nonumopguaMaepiHe GannaHbICTbl 0Cbl NATONMOMMSHBI LaMbITYAbIH bIKTUMAnN reHeTukanblK hakTopnapbi
peTiHAe KapacTblpyFa, onapablH Kasak nonynsaumscbiHhaFbl XTCO AamybiHOaFbl MaHbI3AbINbIFbIH aHBIKTAY YLIIH OfaH api
3epTTeynep xyprisyre 6onagpl.

Tyl ce30ep: 2eHOik nonumophuam, eeHomunmep, a0emmiH uduonamusiiibIK MypPKYKMIMIKKYKMIMiKKYKMImiK.
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Introduction

According to WHO, miscarriage is a relevant medical
and social problem frequency is 20% and does not tend to
decrease, despite effective modern methods of diagnosis
and treatment [27].

Recurrent pregnancy loss (further RPL), classically
defined as two or more spontaneous miscarriages up to 20
weeks of pregnancy, is a heterogeneous disorder affecting
up to 3% of couples in the reproductive period [9,18].

S.Vedishchev et al. (2013) - frequency of spontaneous
abortion in Russia is high - from 15 to 23% of all recorded
pregnancies, with about 80% of reproductive losses
occurring in the first trimester [2]. According to N.M.
Mamedalieva frequency of miscarriage ranges from 22% to
31% of all recorded pregnancies in Kazakhstan [3].

Despite numerous scientific studies of possible RPL
causes, such as fetal chromosomal abnormalities, infectious
agents, adverse environmental factors, bad habits, anatomical
defects, thrombophilic disorders, etc., the etiology of RPL (up to
50% of cases) remains unclear [8,11,17,21]. Nowadays, RPL
doesn't have an understandable etiology and effective therapy,
which require etiopathogenesis study, considered idiopathic
RPL (further iRPL).

As known, the leading cause of RPL is the genetic factor.
The concept of RPL genetic causes meant the presence of
chromosomal abnormalities (quantitative or  structural
violations of the karyotype) in both spouses with a history of
miscarriages and abortions. Currently, new high-tech
molecular diagnostic methods are applied; the concept of a
genetic factor includes the study of predisposition genes.

According to many authors, RPL can be considered a
multifactorial disease. A combination of genetic and
environmental factors needs to evaluate in each specific
case of RPL [1,15,16,27].

Multifactorial diseases are determined by a whole group of
"predisposition" genes [1,15,16,27]. The relationship between
genetic variants and their functions attracts the attention of
many researchers, as it allows more accurately to determine
the clinical significance of each specific polymorphism.

We selected statistically significant SNP polymorphisms for
independent  replicative genotyping in an ethnically
homogeneous Kazakh population according to Genome-wide
association studies (GWAS) and meta-studies of the RPL in
world databases [http:/Avww.ncbi.nim.nih.gov;
http://asia.ensembl.org/index.html;  www.ncbi.nlm.nih.gov/gap;
WWW.genome.gov;
http://hapmap.ncbi.nim.nih.gov/index.html.en; www.1000
genomes.org], QC control (p<5x10-8 cluster plot inspection,
HWEtest, etc.).

The Aim was to study the population characteristics of the
allelic and genotypic distribution of potentially significant

polymorphisms of genes predisposing to iRPL in coagulation
and cardiovascular systems (MTHFR (C677T, A1298C),
MTR (A2756G), MTRR (A66G), F5 (A506G), F2 (G) FGB
(G455A), ITGB3 (Leu33Pro), AGTR1 (A1166C), ACE (I/D),
GPla (C807T), PLANH1 (5G/4G); eNOS (Glu298Asp)) in
ethnically homogeneous Kazakh population.

Materials and Methods.

The study was approved by the bioethical committee of
the Scientific Center of Obstetrics, Gynecology, and
Perinatology (Almaty, Kazakhstan). All subjects were
consulted about the objectives of the project and signed
informed consent in its participation.

The material was DNA isolated from the peripheral
blood of the recruited population control group, is
represented by 700 conditionally healthy individuals of
Kazakh nationality. Criteria for selection in the control group
are ethnicity - Kazakhs, including grandparents; age 18
years and older, the subject's ability to make an
independent decision on consent to participate in the
project. DNA is stored in the Miras biobank of the Scientific
Center for Obstetrics, Gynecology, and Perinatology
(SCOGP).

Molecular genetic studies. The genomic database was
analysed based on the results of genotyping of 700
conditionally healthy individuals of Kazakh nationality ~2.5
million SNPs using OmniChip 2.5 M lllumina chips at the
DECODE Iceland Genomic Center as part of the joint
implementation of the project “Genetic Studies of Preeclampsia
in Populations of Central Asia and Europe” (InterPregGen)
within the 7th Framework Programme of the European
Commission under Grant Agreement No. 282540.

Statistical analysis. Statistical significance tests and
analysis of the nonparametric criterion x2 were performed
using the PLINK software [20]. Hardy-Weinberg balance
law score was calculated using the HWEtest function of the
PLINK program. In all cases, the results are considered
statistically significant at the level of P<0.05.

Results.

Table 1 presents the polymorphisms of the genes with
the identifier (SNP Identifier), the location of the
polymorphism on the chromosome, and the physical
distance in paired bases (base-pair position - bp), the name
of the polymorphism.

Table 2 shows the frequencies of genotypes and alleles
of the coagulation and cardiovascular system genes in the
Kazakh population. Table 3 presents the comparative
analysis of the allelic frequencies of the studied genes in
various world populations, according to GWAS data
possibly associated with iRPL. Allele frequencies for
previously studied populations are from the Project 1000
Genomes Phase Ill [www.genome.gov].
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Table 1.
Description of genes polymorphisms of the coagulation and cardiovascular system.
No Gene Chromosome SNP Identifier Type of polymorphism Position
1 MTHFR 1 rs1801131 A1298C 11854476
2 MTHFR 1 rs1801133 Ce77T 11856378
3 MTRR 5 rs1801394 AB6G 237048500
4 MTR 1 rs1805087 A2756G 7870973
5 F5 1 rs6025 A506G 169519049
6 F2 11 rs1799963 G20210A 46761055
7 FGB 4 rs4220 G455A 155491759
8 ITGB3 17 rs5918 Leu33Pro 47283364
9 PLANH1 7 rs7242 5G/4AG 100781445
10 GPla 5 rs1126643 C807T 52347369
11 ACE 17 rs4340 I/D 61565892
12 AGTR1 3 rs5186 A1166C 148742201
13 eNOS3 7 rs1799983 Glu298Asp 46761055
Table 2.
Frequencies of genotypes and alleles of the genes of the coagulation and cardiovascular system in the Kazakh
population.
MTHFR (rs1801133) C677T
Allele/genotype C T CC CT 1T
n (%) 984 (70.3%) 416 (29.7%) 354 (50.6%) 276 (39.4%) 70 (10.0%)
MTHFR (rs1801131) A1298C
Allele/genotype A C AA AC CC
n (%) 930 (66.4%) 470 (33.6%) 327 (46.7%) 276 (39.4%) 97 (13.9%)
MTRR (rs1801394) A66G
Allele/genotype A G AA GA GG
n (%) 751 (53.6%) 649 (46.4%) 202 (28.9%) 347 (49.6%) 151 (21.6%)
MTR (rs1805087) A2756G
Allele/genotype A G AA GA GG
n (%) 1136 (81.1%) 264 (18.9%) 459 (65.6%) 218 (31.1%) 23 (3.3%)
F5 (rs6025) A506G
Allele/genotype G A GG GA AA
n (%) 1386 (99.0%) 14 (1.0%) 687 (98.1%) 12 (1.7%) 1(0.1%)
F2 (rs1799963) G20210A
Allele/genotype G A GG GA AA
n (%) 1397 (99.8%) 3(0.2%) 697 (99.6%) 3 (0.4%) 0
AGTR1 (rs5186) A1166C
Allele/genotype A C AA AC CC
n (%) 1121 (80.1%) 279 (19.9%) 477 (68.1%) 167 (23.9%) 56 (8.0%)
FGB (rs4220) G455A
Allele/genotype G A GG AG AA
n (%) 1197 (85.5%0 203 (14.5%) 515 (73.6%) 167 (23.9%) 18 (2.6%)
GPla (rs1126643) C807T
Allele/genotype C T CC CT T
n (%) 939 (67.1%) 461 (32.9%) 322 (46.0%) 295 (42.1%) 83 (11.9%)
PLANH1 (rs7242) 5G/4G
Allele/genotype 5G 4G 5G5G 4G5G 4G4G
n (%) 705 (50.4%) 695 (49.6%) 184 (26.3%) 337 (48.1%) 179 (25.6%)
ITGB3 (rs5918) Leu33Pro
Allele/genotype L P LL LP PP
n (%) 1287 (91.9%) 113 (8.1%) 594 (84.9%) 99 (14.1%) 7 (1.0%)
ACE (rs4340) I/ID
Allele/genotype [ D I ID DD
n (%) 809 (57.8%) 591 (42.2%) 245 (35.0%) 319 (45.6%) 136 (19.4%)
NOS (rs1799983) Glu298Asp
Allele/genotype G A GG AG AA
n (%) 856 (61.1%) 544 (38.9%) 257 (36.7%) 342 (48.9%) 101 (14.4%)

131




Original article Science & Healthcare,2023 (Vol. 25) 3

Table 3. Comparative analysis of the frequency of genotypes and alleles, possibly predisposing to iRPL in the
Kazakh population and populations of the world.

Population | N | MAF | X2 | p

Coagulation and cardiovascular systems genes

MTHFR (rs1801133) C677T

Kazakhstan 700 0.30
Europe** 503 0.37 6.45" 0.012
East Asia** 504 0.30 0.00 0.989
South Asia** 489 0.12 52.90* <0.001
MTHFR (rs180113)1 A1298C
Kazakhstan 700 0.34
Europe** 503 0.31 1.19 0.277
East Asia** 504 0.22 20.42* <0.001
South Asia** 489 0.42 7.73" 0.006
MTRR (rs1801394) A66G
Kazakhstan 700 0.46
Europe™* 503 0.52 4.20* 0.041
East Asia** 504 0.26 49.98* <0.001
South Asia** 489 0.53 5.59* 0.019
MTR (rs1805087) A2756G
Kazakhstan 700 0.19
Europe** 503 0.17 0.71 0.399
East Asia** 504 0.11 14.55* <0.001
South Asia** 489 0.32 26.05* <0.001
F5 (rs6025) A506G
Kazakhstan 700 0.01
Europe** 503 0.012 0.10 0.750
East Asia** 504 0 5.07* 0.025
South Asia** 489 0.011 0.001 0.970
F2 (rs1799963) G20210A
Kazakhstan 700 0.002
Europe** 503 0.008 3.01 0.083
East Asia** 504 0 0.72 0.396
South Asia** 489 0 0.70 0.404
FGB (rs4220) G455A
Kazakhstan 700 0.15
Europe** 503 0.20 5.32* 0.022
East Asia** 504 0.22 9.82* 0.002
South Asia** 489 0.14 0.28 0.599
ITGB3 (rs5918) Leu33Pro
Kazakhstan 700 0.08
Europe™* 503 0.13 7.84* 0.006
East Asia** 504 0.009 29.92* <0.001
South Asia** 489 0.11 3.18 0.075
PLANH1 (rs7242) 5G/4G
Kazakhstan 700 0.50
Europe** 503 0.45 3.01 0.083
East Asia** 504 0.45 2.89 0.090
South Asia** 489 0.40 11.40% <0.001
AGTR1 (rs5186) A1166C
Kazakhstan 700 0.20
Europe** 503 0.27 8.65" 0.004
East Asia** 504 0.06 47.69* <0.001
South Asia** 489 0.07 39.23* <0.001
ACE (rs4340) I/D
Kazakhstan 700 0.42
Germany** 127 0.51 3.69 0.055
China** 132 0.19 24 .98* <0.001
Korea™ 126 0.52 4.68" 0.031
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Continuation of Table 3.

Population | N | MAF | X2 | p
Coagulation and cardiovascular systems genes
GPla (rs1126643) C807T
Kazakhstan 700 0.33
Europe™* 503 0.40 6.16" 0.014
East Asia** 504 0.28 3.46 0.063
South Asia** 489 0.33 0.001 0.979
eNOS3 (rs1799983) Glu298Asp
Kazakhstan 700 0.39
Europe** 503 0.34 3.15 0.077
East Asia** 504 0.13 96.85* <0.001
South Asia** 489 017 66.59* <0.001

Note: N - number of DNA samples; MAF - frequency of the minor allele; x2 - Chi-square test; P - statistical
significance; * - differences are statistically significant (p <0.05);**- www.1000 genomes.org

Population frequency carriage of the unfavorable T
allele of the MTHFR gene (C677T) in the study sample is
0.30 (29.7%), which is significantly higher (p <0.001) in the
Kazakh population compared to the similar indicator for
South Asia — 0.12, but significantly lower compared to
Europe - 0.37 (p <0.012). No significant differences with the
population frequency of the MTHFR allele T gene (C677T)
in the East Asian population are not detected (p> 0.05).

The frequency of the C allele of the MTHFR gene
(A1298C) in the studied Kazakh population is 0,34 (33.6%),
which do not show any differences from the European
population (p> 0.05), but exceeded similar indicator of the
East Asian population — 0.22 (p <0.001). A significantly
minor allele is found more often in the South Asian
population — 0.42 (p <0.006). The Kazakh population
occupies an intermediate position between South and East
Asia in terms of the frequency of the MTHFR gene (C677T
and A1298C alleles).

The frequencies of the MTRR (A66G) and MTR
(A2756Q) alleles in the studied Kazakh population are 0.46
(46.4%) and 0.19 (18.9%), respectively. Minor alleles of the
MTRR and MTR genes are significantly lower than in South
Asia — 0.53 and 0.32 (p <0.01) and significantly higher than
the frequencies in East Asia (p <0.001).

Tables 2 and 3 demonstrate that the allele frequencies
of the F2 (G20210A) and F5 (A506G) genes in the Kazakh
population turned out to be very low - 0.002 (0.2%) and
0.01 (1.0%), respectively, which does not significantly differ
from similar indicators in Europe, East and South Asia
(P>0.05).

The frequency of the FGB gene minor A allele (G455A)
in the Kazakhs is 0.15 (14,5%), which is no different from its
frequency in South Asia, but lower than the similar
frequency in Europe - 0.20 (p < 0.022) and East Asia 0.22
(p <0.002).

P alleles frequency of the ITGB3 gene (Leu33Pro) in
the studied Kazakh population is 0.08 (8.1%), which does
not show a significantly differ from South Asia (p>0.05), but
exceeds similar indicator in East Asia (p <0.001) and
Europe (p <0.006) populations.

The minor allele frequency of the PLANH1 gene
(5G/4G) in the Kazakh population is 0.50 (49.6%), which is
no different from Europe and East Asia, but significantly
exceeds its frequency in South Asia (0.40) (P <0.001)
populations.

The prevalence of deletion D frequency in the ACE
gene (I/D) is 0.42 (42.2%), significantly exceeding a similar
indicator in Chinese — 0.19 (p <0.001), lower than its
frequency in Korea — 0.52 (p <0.03).

The occurrence of C allele frequency in the AGTR1
gene (A1166C) is 0,20 (19,9%), which is significantly higher
than its frequency in populations of East and South Asia,
slightly exceeds similar indicator in Europe (0.27; p <0.001).

The population frequency of T allele GPla gene
(C807T) carriage does not differ from the corresponding
frequencies of East and South Asia, but it is significantly
lower than that of Europe (p <0.014).

The frequency carriage of the A allele of the eNOS3
gene Glu298Asp polymorphism in the Kazakh population is
0.39 (38.9%), this is comparable with Europeans, but it is
significantly higher than its population frequency in East
Asian and South Asian countries (p <0.001).

Hardy-Weinberg  equilibrium  of coagulation and
cardiovascular system genes in the Kazakh population. In
medical genetics, the Hardy — Weinberg law makes it
possible to assess the population risk of genetically
determined diseases because each population has its allele
pool and different frequencies of unfavorable alleles [8,21].

Frequency distribution of alleles and genotypes for
coagulation and cardiovascular systems genes in the
Kazakh population: MTHFR (C677T, A1298C), MTR
(A2756G), MTRR (AB6G), F5 (A506G), F2 (G20210A), FGB
(G455A), ITGB3 (AGTR1Pro) (A1166C), ACE (I/D), GPla
(C807T), PLANH1 (5G / 4G), eNOS3 (Glu298Asp),
obtained as a result of statistical processing in the PLINK
program using the HWEtest function, are presented in
Table 4.

According to table 4, the observed and expected
heterozygosity distribution of genotypes is under Hardy-
Weinberg equilibrium (p> 0.05) for all the studied
polymorphisms in the Kazakh population, except folate
metabolism gene MTHFR A1298C  polymorphism
(rs1801131) (P <0.002), cardiovascular system gene
AGTR1 A1166C polymorphism (rs5186) (P <0.0001). It may
be due to the insufficient sample size with a high level of
population heterozygosity and the historical patterns of the
Kazakh population formation. Our results confirm the
effectiveness of the study to identify microevolutionary
changes in an ethnically homogeneous Kazakh population.
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Table 4.

Distribution correspondence of genotypes to Hardy-Weinberg equilibrium for coagulation and cardiovascular

systems genes in the Kazakh population (700 Kazakhs).

Gene name Chromosome | SNP Identifier Position Hardy-Weinberg equilibrium
Ho He P
1 2 3 4 5
Coagulation and cardiovascular systems genes

MTR A2756G 1 rs1805087 7870973 0.311 0.306 0.712
MTHFR A1298C 1 rs1801131 11854476 0.394 0.446 0.002
MTHFR C677T 1 rs1801133 11856378 0.3%4 0.418 0.147
MTRR A66G 1 rs1801394 237048500 0.496 0.49763 0.940
F5 A506G 1 rs6025 169519049 0.017 0.020 0.064
F2 G20210A 11 rs1799963 46761055 0.004 0.004 1.0
AGTR1 A1166C 3 rs5186 148742201 0.239 0.319 <0.0001
FGB G455A 4 rs4220 155491759 0.239 0.248 0.289
GPLaC807T 5 rs1126643 52347369 0.421 0.442 0.231
PLANH1 5G/4G 7 rs7242 100781445 0.481 0.500 0.326
ITGB3 Leu33Pro 17 rs5918 47283364 0.141 0.148 0.202
ACE I/ID 17 rs4340 61565892 0.456 0.488 0.088
eNOS Glu298Asp 7 rs1799983 46761055 0.489 0.475 0.475

Ho — observed heterozygosity,

He — expected heterozygosity;

P — statistical significance

Comparative analysis of the studied polymorphisms
frequencies showed that the Kazakh population occupies
an intermediate position between Europe and Asia
populations described in the project 1000 genomes in terms
of the most polymorphic loci frequencies of coagulation and
cardiovascular systems genes: MTHFR (C677T, A1298C),
MTR (A2756G), MTRR (A66G), F5 (A506G), F2
(G20210A), FGB (G455A), ITGB3 (Leu33Pro), AGTR1
(A1166C), ACE (I /D), GPla (C807T), PLANH1 (5G / 4G),
eNOS (Glu298Asp).

Discussion

The discussed question is the legitimacy of the studied
genetic polymorphisms choice based on a modemn
understanding of the physiology of implantation processes,
which is a long and complex process of balanced
interaction between the mother and the fetus mediated
through the placenta. Violations of this process at all stages
can lead to abortion, which influenced the choice of specific
maternal genomic polymorphisms involved in implantation
and placentation processes, its include genes for
hemostatic system proteins, platelet receptors, proteins
involved in the pathogenesis of endothelial dysfunction, in
blood pressure regulation [22,23,25].

According to the literature, genes are most fully
described as associated with developing immunotolerance
and inflammation, as well as changes in maternal
metabolism and blood coagulation. Almost 90 different gene
polymorphisms were studied, most of which showed a low
relationship with the development of iRPL, some significant
polymorphisms were not confirmed or showed contradictory
results in subsequent replicative studies in other
populations [1,12,15,15].

Thrombophilia makes a significant contribution to iRPL
predisposition [13,19] due to thrombocytosis, increased
platelet aggregation, level of blood coagulation factors
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activity, due to fibrinolytic inhibitors excess [4]. The most
significant for increasing the genetic risk of thrombophilia in
the genesis of RPL are FV mutations — Leiden factor
(G1691A), prothrombin FIl G20210A gene, variants of the
MTHFR C667T genotypes encoding the enzyme
methylenetetrahydrofolate reductase with low activity
[22,23,25] and tissue plasminogen activator inhibitor type |
PAI-1 4G/5G [7,26]. However, these associations may not
be observed with iRPL, which requires further study of new
predisposing factors, including other blood coagulation and
cardiovascular  systems genes [6,23,25]. However,
numerous studies linking these genes with the development
of iRPL are very controversial [4, 4,19,23,26].

It should be noted that the literature data are
contradictory on coagulation and cardiovascular systems
genes possibly associated with iRPL, due to several
objective reasons: the lack of clear definitions of iRPL,
complexity of recruiting, therefore the small sample size;
lack of replicative studies in ethnically homogeneous
populations [1,4,5,6,10,14,19,24].

Outcome

For the first time, the population features of genotypes
and alleles distribution frequency of coagulation and
cardiovascular systems genes were studied, showing a high
genetic heterogeneity in the population group of Kazakhs,
numbering 700 people. The obtained results reflect the
characteristics of the Kazakh population structure, formed
as a result of complex evolutionary and migration processes
due to the mid-geographical location between populations
of Asia and Europe.

We expected that the Kazakh population does not differ
in frequency of minor alleles polymorphisms of FIl and FV
genes from previously studied world populations, which is
due to their influence on the vital functions of blood
coagulation and reflects their involvement in natural
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selection processes. The highest allelic frequencies of
unfavorable alleles polymorphisms were found for PLANH1,
MTRR, and ACE genes (49.6%; 46.4%, and 42.2%,
respectively).

iRPL is a stressful state for a married couple who
cannot obtain information about the cause of miscarriages
and, accordingly, are deprived of effective etiopathogenetic
therapy. Due to the high frequency and lack of reliable data
on iRPL, it becomes necessary to find genetic markers to
predict the development of the disease. It is necessary to
conduct a replicative study in an ethnically homogeneous
population of Kazakhs with clear recruiting criteria, selection
of etiopathogenetic polymorphisms of iRPL.
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