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Hyperproliferative uterine diseases (HUD) are a significant global health concern due to their high prevalence, potential
for malignant transformation, and adverse effects on reproductive health. Women with HUD frequently exhibit a hy-
percoagulation state, increasing their risk of cardiovascular complications. Recent researches highlight the influence of
genetic variants in folate cycle genes and hemostasis genes on hemostatic function. However, the relationship between
these genetic markers and hemostatic function in women with HUD remains underexplored.

The objective: to investigate the association between variants of folate metabolism genes and the hemostatic system in
pregnant women with HUD, focusing on hemostatic parameters during the complicated course of the I trimester.
Materials and methods. The main group of the study included 75 pregnant women 24—46 years old with various HUD.
The control group consisted of 60 women of similar age who had one or more children and did not have HUD. The fol-
lowing indices were studied: fibrinogen, plasma fibrin, activated partial thromboplastin time, prothrombin time, interna-
tional normalized ratio, prothrombin activity, thrombocytes. Genotyping for the gene variants MTHFR, MTR, MTRR, F5,
E2, FGB, PAI-1, ITGA2, and ITGB3 was carried out for all participants.

Results. The TT genotype of rs1801133 in the MTHFR gene was significantly associated with an increased risk of
HUD. Interactions between folate cycle genes modulated pregnancy risk, a lower risk was observed in the absence of
gene function-reducing variants. Significant correlations were found between the following gene variants: rs1801133
of the MTHFR gene and prothrombin time (r, = —0.55, p = 0.022); rs1800787 of the FGB gene and fibrinogen level
(r, = 0.40, p = 0.034); rs1126643 of the ITGA2 gene and platelet level (r, = 0.70, p = 0.037); rs5918 of the ITGB3
gene and activated partial thromboplastin time (r, = 0.68, p = 0.045). The connection of the variant rs1801133 of the
MTHFR gene with the increased risk of complicated pregnancy, in particular the risk of threatened miscarriage in the
I trimester in women with HUD was established.

Conclusions. Identifying genetic predisposition to hemostasis disorders in patients with HUD may serve as a theoretical
basis for developing personalized prevention and treatment management.

Keywords: gene, FGB, hemostesiogram, hyperproliferative uterine disorders, pregnant women of reproductive age, ITGA2,
ITGB3, MTHFR.

BusHayeHHSs K/1I04OBUX reHeTUYHUX MapKepiB, NoOB’sA3aHnNX 3i 3aMiHaAaMM reMocTa3y B NepLuomMy
TpMecCTpi BariTHOCTI Y XiHOK i3 rinepnponidpepatuBHMMN 3aXBOPIOBAHHAMU MaTKN
O. B. WeBuyyk, J1. €. ®iwyk, 3. I. Poccoxa, A. €. [ly64yak

lneprpomnicdeparusni 3axBopioBanus MaTku ([TI3M) BukInKaioTs cepiiosiie 3aHeTIOKOEHHS y cepi OXOPOHU 3/I0POB’ST Yepe3
iX BHCOKY TIOTIMPEHICTb, ITOTEHIIIHY 3JI0SKiICHY TpaHchOpMaIliio Ta HeCIpUSTINBHIA BIIUB Ha PEPOAYKTUBHE 310poB’s. JKiH-
k1 3 ['TI3M uacto IeMOHCTPYIOTh CTaH TillepKOoAryJisilii, 110 Mi/IBUIILYE PU3UK CEPIIEBO-CY/IMHHUX yCKJIagHeHb. OcTanHi /10-
CJIJIPKEHHS HATOJIONIYIOTh Ha BILJIMBI BapiaHTiB reHiB (hosIaTHOTO IMKITY Ta TeHiB TeMOCTa3y Ha CcTaH cucteMu remocrasy. OHak
3BA30K MK IIUMU FeHeTHYHUMU MapKepaMy Ta CUCTEMOIO reMocTasy B KiHOK i3 [TISM 3anmmaernbest HerocTaTHbo BUBYEHUM.
Mema docaioxncenns: 1ocniinTy 38’I30K BapiaHTiB reHiB (posaTHOr0 OOMiHY Ta CHCTEME IeMOCTa3y y BariTHUX i3 rimep-
nposridepaTUBHUMK 3aXBOPIOBAHHSIME MATKH T2 TeMOCTa3i10JIONTYHIMU [MOKa3HUKAMU TIPU yCKiajHeHomy repebiry 1 Tpu-
MeCTpPY BariTHOCTI.

Mamepianu ma memoou. [1o OCHOBHOI IPyIH JOCJIZKEHHsT OYJI0 3a/1y4eH0 75 BariTHUX BikoM 24—46 pokiB i3 pizaumu TTI3M.
Konrposbiy rpyny cranosian 60 sKiHOK BiZANoBizHOTO BiKy, o Maioth 1 Ta Giabire giteld, 6e3 Hassrocti TTI3M. TIposeznero
BU3HAYEHHsI [IOKa3HUKIB: (hibpuHOreH, GiOpUH MIa3MH, AKTUBOBAHMN YaCTKOBHMN TPOMOOILIACTMHOBHMI Yac, POTPOMOIHOBHIA
yac, MIKHAPOJHE HOPMAJi30BaHe BiJIHOIIEHHS, aKTUBHICTh IIPOTPOMOiHY, TpoMbouuTu. Jljist Beix yyacHUkiB GyJio MPOBEAEHO
renorumnyBanns BapianTiB reniB MTHFR, MTR, MTRR, F5, 2, FGB, PAI-1, ITGA2 ta ITGB3.

Pezyavmamu. Beranosneno, mo rerotun TT 3a Bapiantom rs1801133 rena MTHFR GyB acouiiioBaHuii i3 ijBUIIEHUM PU-
sukoM ['TI3M. Bsaemozis Mixk reHamut (hoJIaTHOTO IUKJIY MOJYJIIOBATA PUBUK, ITPUYOMY MEHIINN PU3UK CIIOCTEepiraBcs 3a
BiZICYTHOCTI BapiaHTiB, 1110 3HWKYIOTh (DYHKIIiTO reHa. BusiBieHO 3HAYYIIII KOPEJISAIiiiHI 3B’I3KM Mi’K TAKMMU BapiaHTaMU TeHiB:
151801133 rena MTHFR Ta nporpombinosum dacom (r, = —0,55, p = 0,022); rs1800787 rena FGB ta pisiem bibpunoreny
(r,= 0,40, p = 0,034); rs1126643 rena ITGA2 Ta pisuem Tpombouutis (r, = 0,70, p = 0,037); 15918 rena ITGB3 Ta akTMBOBAHUM
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4aCTKOBHM TPOMOOILIACTHHOBUM YacoM (1, = 0,68, p =

0,045). Beranosnieno 38’si30k Bapianta rs1801133 rena MTHFR i3

MIIBUIIEHUM PU3MKOM YCKJIQJIHEHOI BariTHOCTI, 30KpeMa PU3MKOM 3arpo3u BUKUIHS Yy | TpumecTpi B kinok i3 TTISM.
Bucnoexu. 3'sicyBanis reHeTHYHOI CXUJIBHOCTI /10 TIOPYIIeHb y cucteMi remocTady B narmientok i3 [TISM moxke cratu Teope-
TUYHUM TIAIPYHTSIM [0 PO3POOKHU TI€PCOHATIZ0BaHOI cTparerii Ipo(iIakTUKH 1 JIIKyBaHHSI.

Kntouosi cnoea: zen, FGB, zemocmasiozpama, zinepnporigpepamusni 3axe0proeanis Mamyil, 64zimmi JCiHki penpooyKmueHozo

siky, ITGA2, ITGB3, MTHFR.

he issue of hyperproliferative uterine diseases (HUD)

in women is a significant concern worldwide. This
relevance stems from their high prevalence, potential for
malignant transformation, substantial treatment costs,
and adverse effects on reproductive health, which can
even lead to disability. For instance, hysterectomy for
benign tumors is one of the most common gynecological
procedures [1]. Research has indicated that women with
HUD face an increased risk of various adverse obstetric
outcomes, including complicated pregnancies, premature
births, miscarriages, and infertility [2, 3]. This highlights
the critical nature of addressing hyperproliferative uterine
diseases from both social and economic perspectives.

It is well-established that chronic inflammation plays a
significant role in the development of HUD. A variety of
cytokines, chemokines, growth factors, and prostaglandins
are involved in the pathogenesis of HUD [4]. Furthermore,
these inflammatory mediators not only contribute to the
progression of abnormal placentation but can also be pro-
duced by the hyperproliferative uterine tissue itself [4].

Inflammation is closely linked to disruptions in the
blood coagulation and fibrinolytic systems. Consequently,
researchers are actively investigating hemostatic markers
in women with HUD to assess their potential as diagnostic
indicators and to guide treatment decisions. Studies have
demonstrated that women with HUD frequently exhibit a
hypercoagulation state, which significantly elevates their
risk of cardiovascular complications. This is particularly
evident in women with conditions such as adenomyosis
and uterine leiomyoma [5—11].

An individual’s genetic profile plays a crucial role in
determining the state of their hemostatic system. The
most studied are variants of genes encoding folate cycle
components (MTHFR, MTRR, MTR) and hemostasis genes
(F2, F5, FGB, PAI-1, ITGA2, ITGB3).

The MTHFR gene encodes methylenetetrahydrofolate
reductase, a key enzyme in the folate cycle. Among the
variants of the MTHFR gene, the most significant are
rs1801133 and rs1801131 (synonymous names — C677T
and A1298C, respectively), which affect the activity of
the enzyme [12]. The MTR gene encodes 5-methyltet-
rahydrofolate-homocysteine methyltransferase. The vari-
ant rs1805087 (or A2756G) can affect the regulation of
homocysteine and DNA methylation [13]. The MTRR
gene encodes another important enzyme of the folate cy-
cle, 5-methyltetrahydrofolate-homocysteine methyltrans-
ferase reductase, which functions as an activation partner
of 5-methyltetrahydrofolate-homocysteine methyltrans-
ferase [14]. According to the researchers, the presence of
the 1s1801394 (or A66G) variant in the MTRR gene is
accompanied by a decrease in affinity for 5-methyltetrahy-
drofolate-homocysteine methyltransferase [15].

The F5 gene encodes coagulation factor V, which is
an important component of the coagulation cascade. The
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156025 (or G1601A) variant of the F5 gene causes coagu-
lation factor V to become resistant to activated protein
C [16]. The F2 gene encodes coagulation factor IT (pro-
thrombin), which is important for hemostasis and throm-
bosis. It is assumed that the rs1799963 (or G20210A) vari-
ant is associated with an increase in plasma prothrombin
levels [17]. The FGB gene encodes the B-chain of fibrino-
gen, which is involved in blood clotting and thrombus for-
mation. The variants rs1800787 and rs1800790 (synony-
mously referred to as C148T and G455A, respectively) are
associated with increased plasma fibrinogen concentrations
and may affect the characteristics of a fibrin clot [18, 19].
The PAI-1 gene encodes_a plasminogen activator inhibi-
tor-1, which is an important component of the hemostatic
system and is an important marker in inflammatory pro-
cesses. The rs1799768 (or 4G/5G) variant is associated
with high serum levels of the PAI-7 gene product [20]. The
ITGA2 gene encodes the alpha subunit of integrin a2p1
(also known as GP Ia-Ila), which is a transmembrane re-
ceptor for many matrix and non-matrix molecules [21]. Tt
has been shown that this receptor plays an important role
in physiological and pathological processes of inflammatory
response, immune response, and thrombosis [22]. Integrin
a2B1 is the main collagen receptor on platelets [22]. The
presence of the rs1126643 (or C807T) variant is associated
with increased receptor expression on the surface of some
blood cells, in particular platelets [23]. The ITGB3 gene
encodes the B3 subunit of the platelet-derived fibrinogen
receptor alIbp3, which mediates platelet aggregation [24].
Among the variants of the ITGB3 gene, the most studied is
15918 (or T1565C), which leads to changes in the affinity
and avidity of the receptor [25].

Despite extensive research on the genetic compo-
nents influencing the hemostatic system in women with
HUD, there are still limited studies exploring the rela-
tionship between genetic markers and hemostatic func-
tion in this population.

The objective: to investigate the association be-
tween variants of folate metabolism genes and the he-
mostatic system in pregnant women with HUD, focus-
ing on hemostatic parameters during the complicated
course of the first trimester.

MATERIALS AND METHODS

The main group of the study included 75 pregnant
women with HUD: uterine endometriosis (adenomyosis)
(N80.0, according to the International Classification of
Diseases, 10 Revision), uterine leiomyoma (D25), type
4-T7 according to the classification of the International
Federation of Gynecology and Obstetrics (FIGO), endo-
metrial polyps (N84.0), glandular endometrial hyperplasia
(N85.0). Patients with adenomatous endometrial hyperpla-
sia (N85.1) were not included in the study. HUD in the
examined pregnant women was detected before pregnancy
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using ultrasound examination, laparoscopy and hysteros-
copy. Endometrial polyps and glandular endometrial hyper-
plasia were removed before pregnancy during laparoscopy.
Ultrasonographic examination of pregnant women was per-
formed on an Esaote Biomedica (Italy) AU 4 Idea device.

The patients underwent treatment at the Department
of Family Planning and Surgical Rehabilitation of Women’s
Reproductive Function and the Department of Preven-
tion and Treatment of Purulent and Inflammatory Diseases
in Obstetrics or were registered at the State Institution
“Ukrainian center of maternity and childhood of the nation-
al academy of medical sciences of Ukraine” in the first tri-
mester of pregnancy. The women were aged 24 to 46 years,
the average age of the examined subjects in the main group
was 32.4 + 4.5 years, the control group was 33.6 £ 5.2 years.

Among the 75 pregnant women with HUD, uterine
leiomyoma was identified in 39 patients (52.0%), adeno-
myosis in 23 (30.7%), endometrial polyps in 13 (17.3%),
and endometrial hyperplasia in 20 (26.7%). Additionally,
46 women (61.3%) presented with a combination of these
pathologies. The number of myomatous nodes varied
from 2 to 6, with a mean of 3.21 + 0.56, while their sizes
ranged from 0.5 to 50 mm, averaging 21.4 + 1.6 mm. All
uterine leiomyomas were diagnosed before pregnancy, and
the most frequent localization was type 5 and 6 accord-
ing to FIGO (in 24 (61.5%) patients), type 4 was de-
tected in 11 (28.2%) women, type 7 in 4 (10.3%) patients
with uterine leiomyoma. Six women (15.4%) experienced
an increase in node size of 15-20% by 11—13 weeks of
gestation. Uterine endometriosis in the study group was
primarily diffuse or mixed in type. The control group con-
sisted of 60 women of similar age who had one or more
children and did not have HUD.

We analyzed the obstetric history to determine the
proportion of early reproductive losses in the examined
women. We defined early reproductive losses as a missed
abortion (002.1), spontaneous abortion (miscarriage)
(003), recurrent pregnancy loss (N96), and ectopic
pregnancy (O00) (Table 1).

Early pregnancy loss was noted in 24 (32%) women of
the main group and in 3 (5%) women of the control group

Table 1
Gonsequences of previous pregnancies and labors in the
examined pregnant women, abs. number (%)

Consequences of previous Study groups
pregnancies and labors Main Control
(n=75) (n=60)
Artificial abortion (surgical) 16 (21.3)* 6(10.0)
Medical abortion 11(14.7)* 4(6.7)
Spontaneous miscarriage (abrasion) | 8 (10.7)* 1(1.6)
Missed abortion 7(9.3)* -
Recurrent pregnancy loss 3(4.0) -
Ectopic pregnancy 6 (8.0)* 2(3.3)
Antenatal fetal death in history 1(1.3) -
Term delivery 12(16.0)* | 51(85.0)
Preterm labor with a live fetus 4 (5.3) 2(3.9)

Note: * — the difference is significant relative to the control group (p < 0.05).
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(p <0.05). Combined effects of previous pregnancies were
observed in 20 (26.7%) women in the main group (abor-
tion and ectopic pregnancy in 11 (14.7%) women, abor-
tion and missed abortion in 7 (9.3%) women, spontaneous
miscarriage and preterm labor in 2 (2.7%) women). In the
first trimester, 66 (88.0%) women in the main group had
a threat of pregnancy termination.

The hematologic study was conducted at the clinical
diagnostic laboratory of the State Institution “Ukrainian
center of maternity and childhood of the national acade-
my of medical sciences of Ukraine”. Hemostatic parame-
ters were analyzed using an automatic analyzer, the “BIO-
KSEL-6100" (Poland). The following hemostasiogram
parameters were assessed: fibrinogen level, plasma fibrin,
activated partial thromboplastin time (APTT), prothrom-
bin time (PT), international normalized ratio (INR), and
prothrombin activity (Quick method). The analysis was
performed between 6 and 12 weeks of pregnancy.

All study participants underwent a comprehensive
molecular genetic study for the following gene variants:
MTHFR (rs1801133, r1s1801131), MTR (rs1805087),
MTRR (rs1801394), F5 (rs6025), F2 (rs1799963), FGB
(rs1800787, rs1800790), PAI-1 (1s1799768), ITGA2
(rs1126643), ITGB3 (1s5918). The molecular genetic
study was performed in the molecular genetic laboratory
of the SI “Reference-center for Molecular Diagnostic of
Public Health Ministry of Ukraine” using polymerase
chain reaction (PCR), allele-specific PCR, and PCR fol-
lowed by restriction fragment length polymorphism analy-
sis according to previously published protocols [26—29].

The study was conducted in accordance with the
principles of the Helsinki Declaration. The study pro-
tocol was approved by the Committee on Bioethics and
Deontology of State Institution “Ukrainian center of ma-
ternity and childhood of the national academy of medical
sciences of Ukraine” for all participants (Protocol No. 5
of June 24, 2020). Informed consent was obtained from
all individuals included in this study.

The statistical analysis of the study results was per-
formed using the SPSS Statistics v27 software package.
The data were processed using variation and statistical
analysis, with the mean (M) and standard deviation (o)
reported. The frequency analysis of nominal (qualita-
tive) variables was conducted using contingency tables
with the assessment of significance by Pearson’s y? crite-
rion. The distribution of the hemostasis parameters was
tested for normality using the Kolmogorov — Smirnov
test. Comparisons of the studied parameters was per-
formed using the Mann — Whitney U test. Spearman
correlation analysis was performed between the stud-
ied indicators and genotypes. For correlation purposes,
genotypes were coded as follows: homozygous for the
major allele = 0, heterozygous = 1, and homozygous for
the minor allele = 2. Differences wuth p < 0.05 were
considered statistically significant.

RESULTS AND DISCUSSION
In the examined women of the main group, the indica-
tors did not exceed the reference values, but significant dif-
ferences were found in comparison with the coagulogram
data of pregnant women in the control group (Table 2).
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Hemostatic parameters in the examined pregnant women

Table 2

t
Hemostasis Indicators - Study groups Reference Values
Main (n = 75) Control (n = 60)
- 14.70 £ 0.64* 11.10+0.32
Prothrombin time, sec 10.9-15.5 10.8-13.4 11-13.5
_ 4.8+0.2* 29+0.2
Fibrinogen, g/I 1.9-6.8 21-3.6 2-4
. . A 34.9+2.1* 26.3%+1.3
Activated partial thromboplastin time, sec 21-38 20-33 19-37
. . ) 1.09+0.03 0.96 £0.02
International normalized ratio 0.84-1.46 0.86-1.23 0.82-1.22
o 21.4+1.3* 12.5+1.1
Fibrin, mcg/ml (8-25) (8-15) 8-16
. o 129.4 £7.6* 96.5+2.3
o) —
Quick prothrombin time method, % (75-132) (70-125) 70-130
Note: * — the difference is significant relative to the control group (p < 0.05).
Table 3
Distribution of genotypes by variants of folate cycle and hemostasis system genes in the study groups
. Study groups
Gene (variant) Genotype -
Main (n=75), % Control (n =60), %
MTHER CcC 28 (37.3) 28 (46.7)
(rs1801133) CT 33 (44.0) 29 (48.3) 0.034 4.48
T 14 (18.7)* 3(5.0)*
MTHER AA 37 (49.4) 24 (40.0)
(rs1801131) AC 28 (37.3) 24 (40.0) 0.28 1.17
CcC 10(13.3) 12(20.0)
AA 22 (29.3) 13(21.7)
MTRR
(rs1801394) AG 33 (44.0) 26 (43.3) 0.30 1.09
GG 20(26.7) 21(35.0)
MTR AA 44 (58.7) 39 (65.0)
(rs1805087) AG 30 (40.0) 16 (26.7) 0.12 2.37
GG 1(1.3) 5(8.3)
PAI1 5G/5G 13(17.3) 12(20.0)
(rs1799768) 5G/4G 38 (50.7) 26 (43.3) 0.40 0.72
4G/4G 24 (32.0) 22 (36.7)
v GG 72 (96.0) 56 (93.3)
(rs6025) GA 3(4.0) 4(6.7) 0.76 0.09
AA 0(0.0) 0(0.0)
- GG 72 (96.0) 60 (100.0)
(rs1799963) GA 3(4.0) 0(0.0) 0.33 0.96
AA 0(0.0) 0(0.0)
FGB CcC 38 (50.7) 33 (55.0)
(rs1800787) CT 26 (34.7) 21(35.0) 0.58 0.30
T 11(14.6) 6(10.0)
FGB GG 39 (52.0) 31(51.7)
(rs1800787) GA 25 (33.3) 23(38.3) 0.58 0.30
AA 11(14.7) 6(10.0)
CcC 22 (29.3) 19(31.7)
ITGA2 cT 40 (53.4) 29 (48.3) 0.33 0.56
(rs1126643) : . ’ '
TT 13(17.3) 12(20.0)
TGRS TT 53(70.7) 44 (73.3)
(rs5918) TC 21(28.0) 15(25.0) 0.70 0.15
CC 1(1.3) 1(1.7)

Note: * —the difference is significant relative to the control group (p < 0.05).
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MTHFR (rs1801133)
Fig. 1. Prothrombin time in pregnant women of the main group
depending on the rs1801133 variant of the MTHFR gene
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Pregnant women in the main group had a significantly
elevated APTT, which characterizes the internal mecha-
nism of blood coagulation and can be prolonged during
anticoagulation and fibrinolytic therapy, as well as in
various thrombophilias, in deficiency of blood coagula-
tion factors, etc. The INR in the main group ranged from
0.85 to 1.46, with an average of 1.09 £ 0.03, in the control
group — from 0.87 to 1.23, with an average of 0.96 + 0.02,
p > 0.05. The absence of significant differences in preg-
nant women with HUD compared to the control group
may indicate the preservation of compensatory mecha-
nisms in the first trimester of pregnancy.

Our results indicating abnormalities in systemic he-
mostasis (fibrin, fibrinogen, APTT, prothrombin time, and
prothrombin activity according to Quick) demonstrate
hypercoagulability. Obviously, these data are consistent
with the fact that 66 (88%) of the subjects in the first
trimester had a threat of pregnancy termination.

The results of genotyping, reflecting the distribution
of genotypes by the studied gene variants in the study
groups, are presented in Table 3.

In patients of the main study group, a significant
increase in the frequency of the TT genotype at the
rs1801133 variant of the MTHFR gene was noted, which
may indicate an association of this gene variant with both
the risk of developing HUD and the features of the course
of the first trimester of pregnancy in the presence of HUD,
that is, an association with complications. The data ob-
tained with regard to the distribution of genotypes for
other variants of the studied genes did not differ signifi-
cantly when comparing both groups.

To analyze the possible influence of intergenic interac-
tion, we analyzed the distribution of frequencies of geno-
type combinations by gene variants in pregnant women
of the main group and control group. Statistically signifi-
cant differences were identified for genes encoding com-
ponents of the folate cycle. In particular, women in the
control group had a higher frequency of the combination
of homozygous genotypes CC (rs1801133 of the MTHFR
gene)/AA (rs1801394 of the MTRR gene)/AA (rs1805087
of the MTR gene) — 13.3 vs. 2.7% (3* = 4.08, p = 0.04).

We also conducted a correlation analysis between the
genotypes of pregnant women in the main study group
and hemostasiogram parameters. Significant correlations
were determined only for some gene variants: rs1801133
of the MTHFR gene and prothrombin time (r, = —0.55,

88
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FGB (rs1800787)

Fig. 2. Fibrinogen levels in pregnant women of the main
group depending on the rs1800787 variant of the FGB gene

p = 0.022); rs1800787 of the FGB gene and fibrinogen
level (r, = 0.40, p = 0.034); rs1126643 of the ITGA2 gene
and platelet level (r, = 0.70, p = 0.037); rs5918 of the
ITGB3 gene and APTT (r, = 0.68, p = 0.045).

In pregnant women of the main group with the TT
genotype at the rs1801133 variant of the MTHFR gene,
lower prothrombin time values were noted (Fig. 1).
In women of the main group, the highest value of pro-
thrombin time was observed in the CC genotype — 12.4
[11.3; 12.5] sec, and the lowest — 10.3 [9.6; 11.9] sec — in
the TT genotype. It should be noted that all these indica-
tors are within the range of reference values.

The highest levels of fibrinogen were observed in pa-
tients with the TT genotype (5.6 [4.7; 6.0] g/1) at the
rs1800787 variant of the FGB gene (Fig. 2). It is well
known that fibrinogen plays an important role in hemo-
stasis, in particular in blood clotting. During pregnancy,
fibrinogen levels can rise to 6 g/L and this is normal.

We found a positive significant correlation between
the genotypes for the rs1126643 variant of the ITGA2
gene and platelet count (Fig. 3). In pregnant women of
the main group with the TT genotype, the median plate-
let count was 409.5 [387.0; 432.2] * 10°/L (Fig. 3). It
should be noted that this value slightly exceeds the up-
per limit of the reference values.

APTT is also an important indicator characterizing the
state of the hemostatic system. In pregnant women of the
main study group with the CC genotype at the rs5918
variant of the ITGB3 gene, an increase in APTT to 36.0 s
was determined (Fig. 4).

In line with our aim, we determined the genotype fre-
quencies of genes involved in folate metabolism and the
hemostatic system in pregnant women with HUD. De-
spite existing discrepancies in research findings, folate me-
tabolism genes and associated hereditary thrombophilia
are recognized as significant contributors to gynecologi-
cal pathologies and obstetric complications. This analysis
revealed an increase in the frequency of the TT genotype
at the rs1801133 variant of the MTHFR gene in pregnant
women of the main group, indicating an association of this
genotype with an increased risk of complicated pregnancy
in the first trimester in women with HUD. It should be
noted that similar results were obtained by other research
groups. In particular, Shen et al. in their retrospective co-
hort study involving 2,411 pregnant women reported an
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Fig. 3. Platelet counts in pregnant women of the main group
depending on the rs1126643 variant of the ITGA2 gene

association of the rs1801133 variant of the MTHFR gene
with the incidence of uterine fibroids [30]. A research team
led by G. Delli Carpini showed that the TT genotype for
the rs1801133 variant of the MTHFR gene is a risk factor
for endometriosis [31]. The authors explained this effect of
the rs1801133 variant by its influence on the mechanisms
associated with epigenetic modifications.

We have also established the significance of intergenic
interaction for the studied genes of folate metabolism in
the first trimester of pregnancy in patients with HUD.
In particular, we have determined the association of the
presence of a combination of wild-type homozygotes for
the MTHFR, MTRR and MTR genes with a reduced risk
of complicated pregnancy in the first trimester in patients
with HUD. It should be noted that there is very little
data on this query in the scientific literature. Most likely,
this is due to the fact that large-scale studies have not
yet been conducted to determine the role of intergenic
interaction of the studied folate metabolism genes in the
course of pregnancy in patients with HUD. Although, as
the results of some studies show, combinations of variants
of folate metabolism genes modify the risk of hyperhomo-
cysteinemia in reproductive disorders [29]. In this study,
homocysteine levels were not determined, but the poten-
tial effect of the MTHFR genetic variant on HUD and
complicated pregnancy is likely to be realized through hy-
perhomocysteinemia and hemostatic disorders, which was
also proven in above-mentioned study [29, 32—34].

A significant correlation has been identified between
the rs1801133 variant of the MTHFR gene and the dura-
tion of prothrombin time. It has also been previously noted
that the presence of the rs1801133 variant of the MTHFR
gene leads to a decrease in enzyme activity, which in turn
leads to an increase in homocysteine levels [29]. On the
other hand, it has been experimentally shown that homo-
cysteine can affect the extrinsic pathway of blood coagula-
tion activation [35]. In particular, regression analysis has
shown a relationship between high plasma homocysteine
levels and low prothrombin time. Therefore, we believe
that it is the increased levels of homocysteine in the pres-
ence of the TT genotype in patients (not measured in this
study) that can explain the reduction in prothrombin time.

The association of the rs1800787 variant of the FGB
gene with elevated fibrinogen levels has also been de-
termined. Similar results were obtained by Imran et
al. who determined that the mutant genotypes (CT
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Fig. 4. APTT in pregnant women of the main group depending
on the rs5918 variant of the ITGB3 gene

and TT) and the T allele were significantly associated
with hyperfibrinogenemia [36]. However, the fibrinogen
levels in this study did not exceed the reference limits
at the time of the examination. However, it has been
shown that women with various forms of HUD have a
tendency to have elevated fibrinogen levels — hyperfi-
brinogenemia [5, 37]. The absence of elevated fibrino-
gen levels, but the detected association does not exclude
that women with mutant genotypes are at greater risk of
hyperfibrinogenemia during pregnancy.

We have shown that the rs1126643 variant of the
ITGA2 gene has a strong positive correlation with plate-
let count. Patients with the major SS genotype had lower
platelet counts, and patients with the TT genotype, on
the contrary, had higher platelet counts. A similar re-
sult was shown by Laine et al. [38]. In their study, it
was determined that the presence of the C allele at the
rs1126643 variant of the ITGA2 gene was associated with
a decrease in platelet count [38]. It is worth mentioning
that a2p1, the end product of the ITGA2 gene, mediates
platelet functions during blood coagulation, but is not
directly involved in regulating platelet count. Therefore,
at present, we cannot provide mechanisms that would
explain the effect we have identified.

The positive correlation between the rs5918 variant
of the ITGB3 gene and APTT, an important indicator in
characterizing the intrinsic coagulation pathway, is also
noteworthy. We found one study with a similar analysis
design, conducted by Xiang et al. in which no significant
effect of the rs5918 variant and APTT was found [39].
This may be due to the fact that the study by Xiang
et al. involved healthy volunteers. In our opinion, high
APTT and the presence of a correlation with the rs5918
variant may be associated with complex interactions in
the blood coagulation system in pregnant women with
HUD. In general, the correlations we identified indicate
that pregnant women with HUD are at risk of develop-
ing hemostatic disorders during further gestation. There-
fore, further large-scale studies in this area are needed to
confirm the identified correlations and evaluate them for
possible use in clinical practice.

CONCLUSIONS
We determined the association of the rs1801133
variant of the MTHFR gene with an increased risk of
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complicated pregnancy, specifically the risk of threat-
ened miscarriage, in the first trimester in women with
HUD. Significant intergenic interactions of folate cycle
genes were found to modulate the risk of complicated
pregnancy, reducing it in the absence of variants associ-
ated with a decrease in gene functional activity. A sig-
nificant correlation between the studied variants of the

1. Pickett CM, Seeratan DD, Mol BWJ,
Nieboer TE, Johnson N, Bonestroo T, et
al. Surgical approach to hysterectomy for
benign gynaecological disease. Cochrane
Database Syst Rev. 2023;(8):CD003677.
doi: 10.1002/14651858.CD003677.pub6.
2.Wang X, Wang G, Han R, Gao M, Wang F,
Hong Y, et al. Uterine fibroids increase the
risk of preterm birth and other adverse birth
events: a systematic review and meta-anal-
ysis. Transl Pediatr. 2022;11(6):978-86.
doi: 10.21037/tp-22-215.

3. Don EE, Mijatovic V, Huime JAF. In-
fertility in patients with uterine fibroids:
a debate about the hypothetical mecha-
nisms. Hum Reprod. 2023;38(11):2045-
54. doi: 10.1093/humrep/dead194.

4. ANlAshqar A, Reschke L, Kirschen GW,
Borahay MA. Role of inflammation in
benign gynecologic disorders: from
pathogenesis to novel therapies.
Biol Reprod. 2021;105(1):7-31. doi:
10.1093/biolre/ioab054.

5. Wu Q, Ding D, Liu X, Guo SW. Evi-
dence for a Hypercoagulable State in
Women With Ovarian Endometriomas.
Reprod Sci. 2015;22(9):1107-14. doi:
10.1177/1933 719115572478.

6. Chmaj-Wierzchowska K, Kampioni M,
Wilczak M, Sajdak S, Opala T. Novel

90

MTHFR, FGB, ITGA2, ITGB3 genes and the levels of
prothrombin time, fibrinogen, platelets and APTT in the
first trimester of pregnancy was determined in women
with HUD. Further study of the identified correlations
will contribute to the formation of a personalized strat-
egy for assessing genetic risk and developing appropriate

preventive measures.

Information about the authors
Shevchuk Oleksandr V. — MD, PhD, SI “Ukrainian Center of Maternity and Childhood of the National Academy of
Medical Sciences of Ukraine”, Kyiv. E-mail: ginekologalex@gmail.com
ORCID: 0000-0002-0936-2759
Fishchuk Liliia Y. — PhD, Expert-analytical Medical Center for Molecular Genetics, Shupyk National Healthcare
University of Ukraine, Kyiv. E-mail: medgen@ukr.net
ORCID: 0000-0001-9999-7389
Rossokha Zoia I. — MD, PhD, Expert-analytical Medical Center for Molecular Genetics, Shupyk National Healthcare
University of Ukraine, Kyiv. E-mail: zoiroh071@gmail.com
ORCID: 0000-0002-4767-7364
Dubchak Alla Y. — MD, PhD, DSc, SI “Ukrainian Center of Maternity and Childhood of the National Academy of Medical
Sciences of Ukraine”, Kyiv. E-mail: besplodiepag@gmail.com
ORCID: 0000-0002-6643-7200

BipomocTi npo aBTOpiB
IleBuyk Onexcannp BanepiiioBuu — kana. Mmen. Hayk, /1Y <«BceykpaiHCbkuii IIeHTP MaTepuHCTBA Ta JUTHHCTBA
Hauionasproi akanemii MeauaHux Hayk Ykpainus, M. Kuis. E-mail: ginekologalex@gmail.com
ORCID: 0000-0002-0936-2759
®@imyk Jlinisi €sreniBua — xawji. 6ios. Hayk, EKCIepTHO-aHATITUYHUIT MeIMYHUI IEHTP MOJIEKYJISIPHOI TeHEeTHKH,
HamionaspHuil yHiBepcuTeT 0X0pOoHHU 3710poB’st Ykpaitu imeni I1. JI. Illynuka, m. Kuis. E-mail: medgen@ukrnet
ORCID: 0000-0001-9999-7389
Poccoxa 3osa IBamiBHa — KaH/. Mel. HayK, EKCIEPTHO-aHAJITUYHUI MEIMYHWIT LEHTP MOJICKYJISPHOI TeHETHKH,
HamionaspHuil yHiBepcuTeT oXopoHu 3710poB’st Ykpairm imeni I1. JI. Hlynuka, m. Kuis. E-mail: zoiroh071@gmail.com
ORCID: 0000-0002-4767-7364
IMyouak Amna €dpemisua — a-p Mmexn. Hayk, /1Y «BceykpaiHchkuil 1ieHTp MarepuHcTBa Ta AuTUHCTBAa HaifioHanbHOL
akazieMil MemIHNX Hayk Ykpainw», M. Kuis. E-mail: besplodiepag@gmail.com
ORCID: 0000-0002-6643-7200

REFERENCES

markers in the diagnostics of endome-
triomas: Urocortin, ghrelin, and leptin or
leukocytes, fibrinogen, and CA-125? Tai-
wan J Obstet Gynecol. 2015;54(2):126-
30. doi: 10.1016/}.tjog.2014.08.004.
7.Ding S, Lin Q, Zhu T, Li T, Zhu L,
Wang J, et al. Is there a correlation
between inflammatory markers and
coagulation parameters in women with
advanced ovarian endometriosis? BMC
Womens Health. 2019;19(1):169. doi:
10.1186/512905-019-0860-9.
8.LiY,LiuH,YeS,ZhangB, LiX, Yuan J, et
al. The effects of coagulation factors on the
risk of endometriosis: a Mendelian random-
ization study. BMC Med. 2023;21(1):195.
doi: 10.1186/512916-023-02881-z.

9. Sawytskiy IV, Magdenko AK, Kuz-
menko IA, Grigoriev PE, Mijastkivs-
ka IV. Changes in peripheral blood
indicators and hemostatic system in
patients with uterine fibroids. J Educ
Health Sport. 2017;7(2):557-61. doi:
10.5281/ zenodo.496181.

10. Yan Y, Zhang X, Zhong D, Wang A,
Wu S, Wu B. Adenomyosis-Associated
Ischemic ~ Stroke: Pathophysiology,
Detection and Management. Brain
Sci. 2022;12(10):1410. doi: 10.3390/
brainsci12101410.

11. Kaminskyi W, Bondaruk OY,
Gak 10. Research of systemic immunity
and hemostasis in women with patho-
logical processes of the epithelium of
the genitals with atypia of cells of un-
clear genesis in women with infertility.
Reprod Endocrinol. 2020;52:24-7. doi:
10.18370/2309-4117.2020.52.24-27.
12. Fan Y, Wu L, Zhuang W. Methy-
lenetetrahydrofolate Reductase Gene
rs1801133 and rs1801131 Polymor-
phisms and Essential Hypertension
Risk: A Comprehensive Analysis. Car-
diovasc Ther. 2022;2022:2144443. doi:
10.1155/2022/2144443.

13. Zhang X, Tang J, Shen N, Ren K. Asin-
gle-nucleotide polymorphism (rs1805087)
in the methionine synthase (METH) gene
increases the risk of prostate cancer. Ag-
ing (Albany NY). 2018;10(10):2741-54.
doi: 10.18632/aging.101584.

14. Wang Y, Liu Y, Ji W, Qin H, Wu H,
Xu D, et al. Analysis of MTR and MTRR
polymorphisms for neural tube defects
risk association. Medicine (Baltimore).
2015;94(35):e1367.  doi:  10.1097/
MD.0000000000001367.

15. Olteanu H, Munson T, Banerjee R.
Differences in the efficiency of reductive
activation of methionine synthase and

exogenous electron acceptors between
the common polymorphic variants of
human methionine synthase reductase.
Biochemistry.  2002;41(45):13378-85.
doi: 10.1021/bi020536s.

16. Athar M, Abduljaleel Z, Ghita IS,
Albagenny AA, Halawani SH, Alka-
zmi MM, et al. Prevalence of the Factor
V Leiden mutation Arg534Gin in west-
ern region of Saudi Arabia: functional
alteration and association study with
different populations. Clin Appl Thromb
Hemost. 2021;27:1076029620978532.
doi: 10.1177/1076029620978532.

17. Badescu MC, Butnariu LI,
Costache AD, Gheorghe L, Seritean
Isac PN, Chetran A, et al. Acute myo-
cardial infarction in patients with hered-
itary thrombophilia-a focus on Factor
V Leiden and prothrombin G20210A.
Life (Basel). 2023;13(6):1371. doi:
10.3390/life13061371.

18. Cronjé HT, Nienaber-Rousseau C,
Zandberg L, de Lange Z, Green FR,
Pieters M. Fibrinogen and clot-related
phenotypes determined by fibrino-
gen polymorphisms: Independent and
IL-6-interactive ~ associations.  PLoS
One. 2017;12(11):e0187712.  doi:
10.1371/journal.pone.0187712.

REPRODUCTIVE HEALTH OF WOMAN
PENPOJIYKTUBHE 3/IOPOB’A JKIHKI
Ne2 (81),/2025

ISSN 2708-8723 (print)
ISSN 2708-8731 (online)



19. Wassel CL, Lange LA, Keating BJ,
Taylor KC, Johnson AD, Palmer C, et
al. Association of genomic loci from a
cardiovascular gene SNP array with
fibrinogen levels in European Ameri-
cans and African-Americans from six
cohort studies: the Candidate Gene
Association Resource (CARe). Blood.
2011;117(1):268-75. doi: 10.1182/
blood-2010-06-289546.

20. Jiang S, Wang Y, Chen L, Mu H,
Meaney C, Fan Y, et al. PAI-1 genetic
polymorphisms influence septic pa-
tients’ outcomes by regulating neu-
trophil activity. Chin Med J (Engl).
2023;136(16):1959-66. doi: 10.1097/
CM9.0000000000002316.

21. Madamanchi A, Santoro SA, Zut-
ter MM. a2B1 Integrin. Adv Exp Med
Biol. 2014;819:41-60. doi: 10.1007/978-
94-017-9153-3 3.

22.LiW, PiL, YuanJ, GuX,Wang Z, LiuY,
et al. Impact of Platelet Glycoprotein la/
lla C807T Gene Polymorphisms on Cor-
onary Artery Aneurysms of KD Patients.
Cardiol Res Pract. 2021;2021:4895793.
doi: 10.1155/2021/4895793.

23. Corral J, Gonzalez-Conejero R, Ri-
vera J, Ortufio F, Aparicio P, Vicente V.
Role of the 807 C/T polymorphism of the
alpha2 gene in platelet GP la collagen re-
ceptor expression and function — effect
in thromboembolic diseases. Thromb
Haemost. 1999;81(6):951-6.

24. Bennett JS. allbB3 (GPIIb/llla) Struc-
ture and Function. In: Gresele P, Klei-

AKYWEPCTBO

man N, Lopez J, Page C, editors. Plate-
lets in Thrombotic and Non-Thrombotic
Disorders: an Update. 1st ed. Cham,
Switzerland: Springer; 2017, p. 99-112.
doi: 10.1007/978-3-319-47462-5 8.

25. Tsamadias V, Vlachadis N, De-
meridou S, Kouskouni E, Creatsas G,
Viahos NF, et al. Platelet Glycoprotein
Receptor [a-C807T and llla-PIA1/PIA2
Genetic Polymorphisms Are Associat-
ed With Enhanced Platelet Function in
Women With Recurrent Miscarriages.
Cureus. 2023;15(10):e47832. doi:
10.7759/cureus.47832.

26. Fishchuk L, Rossokha Z, Med-
vedieva N, Vershyhora V, Sheyko L,
Brisevac L, et al. Effect of polymorphic
variants of hereditary thrombophilia
genes on the risk of early pregnancy
loss for married couples. Meta Gene.
2021;29:100902.  doi:  10.1016/).
mgene.2021.100902.

27. Fishchuk L, Rossokha Z, Pokhylko V,
Cherniavska Y, Popova O, Tsvirenko S,
et al. Associations of variants of folate
cycle genes with features of the clinical
course of severe intraventricular hem-
orrhages in premature infants. J Neo-
natal Perinatal Med. 2022;15(3):545-
51. doi: 10.3233/NPM-210962.

28. Smulska N, Rossokha Z, Fishchuk L,
Gorovenko N, Nechai A, Nicolaenko I,
et al. Polymorphisms variants of the
MTHFR C677T and PAI-1 5G/4G genes
and their combinations in the group of
children with arterial ischemic stroke.

Child Neurology. 2020;29(58):27-32.
doi: 10.20966/chn.2020.58.455.

29. Rossokha Z, Fishchuk L, Vo-
robei L, Medvedieva N, Popova O,
Vershyhora V, et al. Hyperhomocyste-
inemia in men and women of married
couples with reproductive disorders.
What is the difference? Syst Biol Re-
prod Med. 2023;69(1):75-85. doi:
10.1080/19396368.2022.2124896.

30. Shen J, Jiang Y, Wu F, Chen H, Wu Q,
Zang X, et al. Correlation Analysis Be-
tween MTHFR C677T Polymorphism and
Uterine Fibroids: A Retrospective Cohort
Study. Front Oncol. 2021;11:648794.
doi: 10.3389/fonc.2021.648794.

31. Delli CG, Giannella L, Di Giuseppe J,
Montik N, Montanari M, Fichera M, et al.
Homozygous C677T Methylenetetrahy-
drofolate Reductase (MTHFR) Polymor-
phism as a Risk Factor for Endometrio-
sis: A Retrospective Case-Control Study.
Int J Mol Sci. 2023;24(20):15404. doi:
10.3390/ijms242015404.

32. Guedes T, Santos AA, Vieira-Ne-
to FH, Bianco B, Barbosa CP, Christofo-
lini DM. Folate metabolism abnormalities
in infertile patients with endometriosis.
Biomark Med. 2022;16(7):549-57. doi:
10.2217/bmm-2021-0076.

383. Zhang L, Fu H, Wei T. MTHFR gene
polymorphism and homocysteine levels in
spontaneous abortion of pregnant wom-
en. Am J Trans| Res. 2021;13(6):7083-8.
34. Agarwala R, Millar CM, Camp-
bell JP. Haemostatic disorders in preg-

nancy. BJA Educ. 2020;20(5):150-7.
doi: 10.1016/j.bjae.2020.02.002.

35. Roca B, Roca M, Girones G. In-
creased homocysteine plasma level is
associated with shortened prothrom-
bin time in HIV-infected patients. HIV
Clin Trials. 2016;17(5):218-23. doi:
10.1080/15284336.2016.1220712.

36. Imran |, Lamsudin R, Idjradinata P,
Achmad TH, Maskoen A, Wibowo S, et
al. Association of B-fibrinogen promoter
gene polymorphism (-148 c/t), hyper-
fibrinogenemia and ischemic ~stroke
in young adult patients. Egypt J Med
Hum Genet. 2015;16(1):11-7. doi:
10.1016/j.ejmhg.2014.09.004.

37. Aziz H, Malik J, Ahmad S, Eusaph AZ,
Igbal MA, Roohi N. Fibrinogen, a Bio-
marker for Early Diagnosis of Endome-
triosis. J Biol Regul Homeost Agents.
2023;37(1):141-50. doi: 10.23812/.biol.
regul.homeost.agents.20233701.14.

38. Laine O, Joutsi-Korhonen L,
Mékela S, Mikkelsson J, Pessi T, Tu-
omisto S, et al. Polymorphisms of PAI-1
and platelet GP la may associate with im-
pairment of renal function and thrombo-
cytopenia in Puumala hantavirus infec-
tion. Thromb Res. 2012;129(5):611-5.
doi: 10.1016/j.thromres.2011.11.007.
39. Xiang Q, Ji SD, Zhang Z, Zhao X,
Cui YM. Identification of [TGA2B and ITGB3
Single-Nucleotide Polymorphisms and
Their Influences on the Platelet Function.
Biomed Res Int. 2016;2016:5675084.
doi: 10.1155/2016/5675084.

Cmamms nadiiwna do pedaxuii 24.12.2024. — Jlama nepwozo piwenns 30.12.2024. — Cmamms nodana do opyxy 27.01.2025

REPRODUCTIVE HEALTH OF WOMAN
PEIPOJIYKTUBHE 3/[0POB'S KIHKI
No2 (81)/2025

ISSN 2708-8723 (print)

ISSN 2708-8731 (online)

91





