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ABSTRACT PVUII (RS2234693) POLYMORPHISM OF THE ESTROGEN
Natalia Tsyndrenko RECEPTOR ALPHA GENE IN WOMEN FROM SUMY
https://orcid.org/0000-0001-6763-476x ~ OBLAST. ~ UKRAINE, — WITH  ENDOMETRIAL
Department of Pathology, Sumy State HYPERPLASTIC PROCESS
University, Sumy, Ukraine Introduction. The endometrial hyperplastic process is an

estrogen-dependent benign condition of the uterus, which is frequently
Anatoliy Romaniuk a cause of infertility, ovarian-menstrual cycle disorders, and malignant

https://orcid.org/0000-0003-2560-1382  transformation into uterine cancer. The effect of estrogen on the

Department of Pathology, Sumy State  endometrium is realized through the estrogen receptor alpha. It is

University, Sumy, Ukraine manifested by a whole range of biological changes, including cell
reproduction and growth, tissue development, etc. Estrogen receptor
alpha is encoded by the ESR1 gene, which is located on chromosome
6025 and has eight exons and seven introns. Today, about 9,000
polymorphisms of the ESR1 gene have been described, some of which
are associated with gene activity changes. Such functional
polymorphisms include the Pvull polymorphism (rs2234693), which
occurs due to the substitution of thymine (T) for cytosine (C) in the
first intron of the gene.

Objective. The purpose of this study was to assess the frequency
of allelic variants of the estrogen receptor alpha gene for the Pvull
polymorphism in patients with endometrial hyperplastic process living
in the Sumy Oblast of Ukraine and to study its relationship with the
histological ~variant of endometrial hyperplastic  process,
anthropometric parameters, age categories, medical history, and
concomitant diseases.

Materials and Methods. Genomic DNA was isolated from blood
samples of 95 women with endometrial hyperplastic processes and 80
healthy women. The rs2234693 polymorphism was studied using a
polymerase chain reaction with subsequent restriction fragment length
polymorphism analysis (PCR-RFLP). The data were processed and
statistically analyzed with Microsoft Excel and SPSS Statistics 29.0
for Windows software package. Descriptive statistics, Student's test,
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ANOVA method, and Pearson's chi-squared test were used in this
study. Results with P < 0.05 were considered statistically significant.

Results. The distribution of genotype variants for the Pvull
polymorphism of the ESR1 gene in women with endometrial
hyperplastic process was: homozygotes for the major allele (T/T) —
31.6%, heterozygotes (T/C) —49.5%, homozygotes for the minor allele
(C/C) — 18.9%; in the control group, these values were 30%, 52.5%,
and 17.5%, respectively. There was no difference in the distribution of
genotypes in patients with endometrial hyperplastic processes and
healthy women (y* = 0.163, P = 0.922). No associations were found
between the Pvull polymorphism and the histological variant of
endometrial hyperplastic processes (x> = 4.14, P = 0.387),
anthropometric parameters (P > 0.05), age (x*> = 2.98, P = 0.560),
medical history (P > 0.05), or concomitant genital and extragenital
conditions (P > 0.05).

Conclusions. There was no difference in the distribution of T/T,
T/C, and C/C genotypes for the Pvull polymorphism in the estrogen
receptor alpha gene between patients with endometrial hyperplastic
process and the control group. There was no correlation between the
genotype variant for the studied polymorphism and the histological
variant of the endometrial hyperplastic process, anthropometric
parameters, age, medical history, concomitant genital and extragenital
conditions in patients of the Sumy Oblast, Ukraine.

Keywords: estrogen receptor alpha gene, endometrial hyperplastic
process, Pvull polymorphism, endometrial polyp.
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MNOJIMOP®I3M PVUII (RS2234693) TEHA PELEIITOPA
ECTPOT'EHY AJIb®A Y ) KIHOK CYMCBKOI'O PETTOHY
VKPATHA 3 TINEPIVIACTUYHUMH ITPOIECAMHU
EHIOMETPIA

Beryn. IinepruiacTUyHI MPOIIECH SHIOMETPIst — €CTPOTreH3aICKHI
JOOPOSIKICHI TAaTOJIOTii MaTKH, SKi € 4aCTOK MPUYMHON HETUTI s,
HOpYLIEHb OBapiajbHO-MEHCTPYaAJIbHOTO IUKITY Ta MaJlirHiauii y pak
Tina matkd. Jlis ecTpOreHy Ha EHIOMETPIH peasi3yeThesi uepes
pelenTop ecTporeHy ainb(a 1 TpPOSBISETBCS LUIAM  CIIEKTPOM
OiONIOTIYHMX 3MiH, BKJIIOYAIOUYM PO3MHOXCHHS 1 pICT KIITHH,
PO3BUTOK TKaHWH Ta iHmI. Perentop ectporeny amba KomyeTbes
reHoM ESRI1, sxwuii po3ramoBanuii Ha xpomocomi 6025 i Mae BiciMm
€K30HIB Ta ciM iHTpoHIB. CporojHi ommcaHo OJIM3BKO 9 THCSY
nosrimopdizmie rena ESR1, wacTrHa 3 sKux 0B’ si3aHa 31 3MIHOIO HOTro
aktuBHOCTI. Cepen Takux (QYHKIIOHANBHUX MOTIMOPGhI3MIB —
nomimopdizm Pvull (rs2234693), sikuii BUHMKAE BHACIIIOK 3aMiHM
tuMminy (T) Ha nuTo3uH (C) y nepuioMy iHTPOHI reHa.

Merta. Meroo IaHOTO J[JOCTIDKEHHS Oyna OIliHKa YacTOTH
aJleIbHUX BapiaHTIB TreHa pelenTtopa ectporeHy ambda 3a Pvull
nomiMop(i3MOM y TALI€HTOK 3 TiNepIUIACTHYHHMH IIPOLECaMH
eHIOMeTpist, mo MemkatoTe y CymcbkoMy perioHi YkpaiHu Ta
BUBYCHHS  HOro  3B’sA3KIB 3  TICTOJIOTIYHHUM  BapiaHTOM
TiNEepIUIACTHYHUX ~ TPOLECIB  CHAOMETPis, aHTPOIIOMETPUYHUMHU
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NIOKa3HUKAaMH, BIKOBUMH KATEropisMH, IaHAMH aHaMHe3y Ta
CYIIyTHBOIO TIATOJIOTI€I0 JKIHOK 3 TiNEPIUIACTUYHUMH TIpOIiecaMi
SHIOMETPIsL.

Marepianu ta meroau. ['eromua /IHK Oyia BunineHa i3 3pa3kiB
KpOBi 95 KIHOK 3 TilepIIacTHYHUMH TporiecamMu eHnomerpist ta 80
XKIHOK 0e3 TiNepIulacTUYHHUX TPOIeciB eHpoMeTpis. JlocmimpKeHHs
s2234693 mnomimMopdi3My 3MIHCHEHO METOJOM  MOJiMEpa3HOi
JIAHIFOTOBOI peaKIii 3 HACTYITHUM aHaIi30M JIOBXXMHH PECTPHUKIIHHIX
¢parmentiB (PCR-RFLP). Matemarinuny oOpoOKy Ta CTaTHCTHYHUHA
aHali3 JaHWX BHUKOHyBamd 3a moromoroto Microsoft Excel Ta
nporpamHoro Takera «SPSS Statistics 29.0 for Windowsy.
BuxopucroByBanucs ~ NUCKPUIITHBHA  CTaTHCTHKA,  KPUTEpii
CreronmenTa, metoguka ANOVA, xpurepiii 2 Ilipcona. CtaTuCTHIHO
3HAYYIIIMH BBaXKasmcs pe3yisraTa 3 P < 0,05.

PesyabraTtn mociimkennsi. Po3monin BapiaHTiB T'eHOTHINB 3a
Pvull monimopgizmom rena ESR1 y »iHOK 3 rimepruiacTHYHUMHU
MpoLECaMy SHIOMETPisi CTAHOBHB: TOMO3UTOTH 32 OCHOBHHM ajIejieM
(T/T) — 31,6 %, rereposurotu (T/C) — 49,5 %, romo3urotu 3a
minopauM azneneM (C/C) — 18,9 %; y xkiHOK 0e3 TinepruiacTUIHHUX
nporeciB enmpoMetpis BimnosigHo 30 %, 52,5 %, 17,5 %. Pizaumi y
PO3TIOITI TEHOTHIIIB Y TMAIIEHTOK i3 3 TIMePINIACTUIHAMH MIPOIIECaMu
SHIOMETPIs 1 )KIHOK 0e3 TilepIUTACTUYHUX TPOIECIB SHIOMETPIs He
BUSBJIEHO (X2 =0,163, P = 0,922). He BusBiicHO acomiariiii Mixx Pvull
momiMop(i3MOM Ta TICTOJIOTIYHMM BapiaHTOM TiMEPIUIACTUIHUX
nponeci engomerpis (> = 4,14, P = 0,387), aHTponoMeTpHIHUMHU
nokaszuukamu narientis (P > 0,05), BikoBumu rpymamu (x 2 = 2,98, P
= 0,560), manumu anamuesy (P > 0,05), CymyTHBOIO TeHITaTbHOIO Ta
eKkcTpareHitansHot naronorismu (P > 0,05).

BucHnoBku. BincyTHs pisauis y posnoaini renorunis T/T, T/C,
C/C 3a Pvull nomimopdizmMom TeHa perenTopa ecTporeHy aibda y
marieHToK CyMCBKOTO perioHy YKpaiHH, IO MalOTh TillepIUIacTUYHI
MPOIIECH CHIOMETPis Ta JKIHOK 0e3 TilepIUIACTUYHUX IPOIECIB
eHmoMeTpis. Hemae 3amexHOCTI MiX BapiaHTOM TE€HOTHIY 3a
BUBYCHUM  MOMIMOpP(I3MOM 1  TICTOJIOTIYHMM  BapiaHTOM
TiNepIvIacCTUYHUX ~ TPOLECIB  €HIOMETPis, aHTPOIIOMETPUYHUMHU
NOKa3HUKaMH, BIKOBUMH TpyINaMH, AaHUMH aHaMHE3Y, CYIyTHHOIO
TEeHITAJILHOIO Ta €KCTPAreHITAILHOIO IATOJIOTISIMH Y TAlli€HTIB.

KiawuoBi cioBa: reH  perenTopa  ecTporeny  anbda,
rinepIyiacTiyHi mpouecu enjgoMerpis, noniMopdizm Pvull, nomin
SHIIOMETIsL.

Aemop, sionogioanvnuii 3a tucmyeanns Hamanis [Junopenko, acnipanm xagedpu namono2iunoi anamomii

Cymcwroeo depacagrnoeo yuigepcumemy, m. Cymu, Yxpaina

e-mail: nebesenko.n@ukr.net

INTRODUCTION / BCTYII

The endometrial hyperplastic process (EHP) is
one of the most common gynecological diseases in
the world, which affects the lives of many women
[1]. EHPs are precursors of endometrioid
adenocarcinoma, which is one of the most common
malignant tumors of the female genital organs in
industrialized countries[2]. EHP is characterized by

the proliferation of endometrial glands, which leads
to an increased gland-to-stroma ratio [3, 4, 5, 6].
EHP is the result of continuous estrogen stimulation
of endometrial tissues with a relative lack of
progesterone-balancing effects [7].

The action of estrogen is mediated through its
binding to estrogen receptors (ER). ERs have two
subtypes — ER-o and ER-B, encoded by estrogen
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receptor o (ESR1) and B (ESR2) genes,
respectively. They belong to the superfamily of
nuclear receptors [8]. Although the two ER isoforms
differ in structure, they share similar homology in
the DNA and ligand-binding domains. Both ER
isoforms are expressed in osteoblasts, osteoclasts,
bone marrow, and uterus [9].

The ESR1 gene, as a steroid hormone receptor
gene, is located on chromosome 6 at the locus 6p25.
The ESR1 gene consists of eight exons and seven
introns. In the first intron, two common site
polymorphisms are located in restriction enzyme
recognition sites, one of which is Pvull (rs2234693).
The Pvull single nucleotide polymorphism is the
result of the substitution of thymine (T) nucleotide
for cytosine (C) (T397C) in the first intron of the
gene. Changes in the ESR1 gene cause disruption
and loss of receptor sensitivity to hormones [10, 11,
12].

Mutation of the ESR1 gene can induce cell
proliferation, regulate cell apoptosis, and affect
protein expression, thus participating in the
development and progression of tumorigenesis [13].
Different impact of estrogenic effects, different
levels of estrogenic molecules, or genetic variability
in response to the estrogenic environment may play
a key role in tumorigenic transformation of cells
[14]. Biallelic and multiallelic polymorphisms were
detected in the ESR1 gene and used for the
association studies. Unlike mutations,
polymorphisms are not directly associated with a
specific disease, but they are an important tool in the
study of multifactorial disorders [15].

Multiple single nucleotide polymorphisms in the
ESR1 gene located in intron 1, including rs2234693,
have been studied in many clinical studies and have
become a hot topic regarding tumor susceptibility
[16]. The Pvull single nucleotide polymorphism of
the ESR1 gene has been found to be associated with
numerous carcinomas, including prostate cancer, as
well as systemic lupus erythematosus, Alzheimer's
disease, etc. [17]. The Pvull polymorphism of the
ESR1 gene may be associated with the risk of
endometrial cancer [18].

Thus, genetic disorders, including
polymorphisms and variations in the expression
levels of genes that encode estrogen receptors, can
cause an impairment of estrogen function and, as a
result, lead to EHP [19].

Some studies focused on the association between
the Pvull polymorphism of the ESR1 gene and
various diseases, including breast cancer,
endometrial cancer, uterine leiomyoma,

endometriosis, osteoporosis, and others. However,
study results are inconsistent, so more research is
needed to wunderstand the impact of this
polymorphism on disease development. Since there
are no studies on the role of the Pvull polymorphism
of the ESR1 gene in the susceptibility to EHP among
women of the Sumy Oblast of Ukraine, we evaluated
this association, as well as the peculiarities of the
gynecological history of patients with EHP who had
different genotypes for the Pvull polymorphism of
the ESR1 gene. Given that EHP (especially atypical
EHP and endometrial cancer) is often associated
with obesity or excess body weight, hypertension,
and diabetes, we investigated their association with
the Pvull polymorphism of the ESR1 gene in women
with EHP.

Materials and Methods

95 patients diagnosed with EHP (endometrial
hyperplasia or endometrial polyp), which was
histologically confirmed after surgical treatment
(hysteroresectoscopy) (HRS), took part in the study.
All patients were treated at the Sumy Regional
Clinical Oncology Center (Sumy, Ukraine) from
2020 to 2022. The control group consisted of 80
women without EHP who had preventive checkups
at the Municipal Non-Profit Enterprise "Blessed
Virgin Mary Clinical Maternity Hospital" of Sumy
Municipal Council and Municipal Non-Profit
Enterprise "Clinical Hospital No. 4" of Sumy
Municipal Council (Sumy, Ukraine) during 2021-
2023. The research was conducted in compliance
with the fundamental ethical principles of the
Declaration of Helsinki of the World Medical
Association on conducting scientific medical
research involving human subjects. All patients
signed the written informed consent for histological
examination, blood sample collection, and personal
data processing.

Histological samples obtained from women
receiving hormones, nonsteroidal anti-inflammatory
drugs, and antihormonal drugs were excluded from
the study, as well as samples of patients who refused
to participate in the study.

In order to study the Pvull polymorphism of the
ESR1 gene, venous blood was collected in patients
with EHP and healthy subjects under sterile
conditions using monovettes (2.7 ml) containing
ethylenediaminetetraacetic acid (EDTA) potassium
salt (11.7 mM) as an anticoagulant ("Sarstedt",
Germany). Samples were frozen and stored at -20 °C.

DNA was isolated from whole blood leukocytes
using GeneJET Whole Blood Genomic DNA
Purification Mini Kit (USA). The method is based on
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the reversible binding of nucleic acids using a silica-
based membrane in a spin column. Blood samples
were lysed in the lysing buffer containing proteinase
K. Next, the lysate was mixed with ethanol and
placed in the spin column, where the DNA reversibly
binds to a silica membrane. Impurities were
effectively removed by washing the spin column
with prepared washing buffers. Genomic DNA was
then eluted under low ionic strength conditions with
an elution buffer. Pure DNA yield from 200 mcL of
whole blood equaled 2-10 mcg. In the process of
DNA extraction, we followed the recommendations
provided in the commercial kit and performed
procedures according to the protocol.

The Pvull polymorphism (rs2234693) in intron 1
of the ESR1 gene was identified using polymerase
chain reaction with subsequent analysis of restriction
fragment length polymorphism (PCR-RFLP). The
gene region was amplified using a pair of specific
primers: a direct one (sense) - &
CACACATCACCATTCTCAGC 3'and a reverse one
(antisense) — 5' TCTAGACCACACTCAGGGTCTC
3. The primers were synthesized by Metabion
(Germany). For amplification, 50-100 ng of DNA
was taken and added to the mixture containing 5 mcL
of 5x PCR buffer, 1.5 mM of magnesium sulfate, 200
um of a mixture of four nucleotide triphosphates, 15
pM of each primer, and 0.75 U of Tag-polymerase
("Thermo Scientific", USA); the volume was
adjusted to 25 mcL with deionized water. PCR was
performed using GeneAmp PCR System 2700
thermal cycler ("Applied Biosystems,” USA).
Amplification of the fragment of intron 1 consisted
of 33 cycles: denaturation — 94 °C (50 s), primer
hybridization — 64.5 °C (45 s), and elongation —
72 °C (1 min). Then, 6 mcL of the amplified product
was incubated at 37 °C for 18 hours with 3 U of Pvull
restriction enzymes ("“Thermo Scientific," USA) in
buffer R consisting of: 10 mM of tris HCI (pH 7.5),
10 mM of magnesium chloride, 50 mM of NaCl, and
0.1 mg/ml of albumin. If thymine was in position
647 in the ESR1 gene, the amplificate, consisting of
392 base pairs (bp), was digested with Pvull
restriction enzyme, producing two fragments: 342
and 50 base pairs. In the case of thymine to cytosine
substitution, the Pvull restriction site loss occurred,
and one fragment of 392 base pairs was formed.
After restriction, the amplificates were separated on
2.5% agarose gel containing 10 pg/mL of ethidium
bromide. Horizontal electrophoresis (0.13 A; 200V)

was performed for 35 min. After electrophoresis,
DNA visualization was carried out using a Biocom
transiluminator.

The data were processed using standard methods,
such as Microsoft Excel. To evaluate the obtained
results, they were statistically analyzed with the
SPSS Statistics 29.0 for Windows software package.
Samples were characterized by descriptive statistics.
The arithmetic mean (M) of the variation series and
the standard deviation (SD) were calculated (data are
presented as M + SD). The Student's test (t) was used
to compare the values of two independent samples
with the normal distribution. The statistical
significance of the difference among the three
groups was assessed using one-way analysis of
variance (ANOVA). Pearson's chi-squared test was
used to determine the statistical significance of the
difference in allele and genotype frequencies among
groups of patients. Results with P < 0.05 were
considered statistically significant.

Results

Frequency of Pvull polymorphism of the ESR1
gene in patients with EHP and the control group

In accordance with the set goal, we carried out
genotyping for the Pvull polymorphism of the ESR1
gene in patients with EHP and healthy women; the
frequency of T and C alleles was determined, as well
as the ratio between the major allele homozygotes
(T/T), heterozygotes (T/C), and the minor allele
homozygotes (C/C).

The distribution of genotypes for the studied
polymorphism did not deviate from the Hardy-
Weinberg equilibrium (P > 0.05) in the main or
control group. T and C allele frequencies were
equivalent in the group of patients with EHP and in
healthy women and amounted to 0.56 and 0.44,
respectively. At the same time, the indicator of
statistical significance (P) was equal to 1. This
indicates the absence of difference in the distribution
of alleles between subjects of the comparison
groups.

T/T : T/C : C/C genotype ratio in patients with
EHP was 31.6% : 49.5% : 18.9%, and in the group
of healthy women it was 30% : 52.5% : 17.5%.
Based on the results of Pearson's chi-squared test, the
difference between these indicators was not
statistically significant (P = 0.922). Therefore, we
could assume that there was no association between
the Pvull allelic polymorphism of the ESR1 gene
and the development of EHP (Table 1).
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Table 1 — Distribution of alleles and genotypes for the Pvull polymorphism of the ESR1 gene in women with
EHP and the control group

Patients with EHP Control group

T-allele 0.56 0.56
C-allele 0.44 0.44
v¥=2;P=1
T/T homozygotes, n (%) 30 (31.6) 24 (30)
T/C heterozygotes, n (%) 47 (49.5) 42 (52.5)
C/C homozygotes, n (%) 18 (18.9) 14 (17.5)
Total 95 (100) 80 (100)
x?=0.163; P =0.922
P! > 0.05 >0.05

Note: n = number of patients, P = statistically significant difference between the main and control

groups; P' = deviation from the Hardy-Weinberg equilibrium in each group

Patient groups characteristics

When analyzing the data, we found that the
average age of women with EHP was 48.25 + 11.8
years. At the same time, women in the control
group were significantly older (69.93 + 8.53) (t= -
14.115, P < 0.001) vs. women in the main group.
The average height of women in the main group
was 164.68 + 6.10 cm, which hardly differed from
that of women in the control group (163.13 = 4.82)
(t = 1.807, P = 0.071). The average weight of

women in the main group amounted to 71.72 +
14.81 and was greater than that of women in the
control group (67.37 + 6.21) (t = 2.0; P = 0.044).
The average BMI in the main group was slightly
higher than in the control group — 26.68 + 5.82, but
we did not observe a significant difference in BMI
values between the groups (t = 1.302; P = 0.201)
(Table 2). All examined women in both groups
were ethnic Ukrainians.

Table 2 — General clinical characteristics of patients with EHP and the control group

Patients with EHP Control group
Parameter (n = 95) (n = 80) P
Age, years 48.25+11.81 69.93 + 8.53 <0.001
Age groups:
reproductive age 0 i
(< 45 years) 46 (48.4%)
premenopausal age 0
. - <0.
(4555 years) 21 (22.1%) 0.001
menopausal age 0 0
(> 56 years) 28 (29.5%) 80 (100%)
Body weight, kg 71.72 + 14.81 67.37 £ 6.21 0.044
Height, cm 164.68 £ 6.10 163.13 £4.82 0.071
BMI, kg/m? 26.68 = 5.82 25.78 £2.38 0.201

Note: n = number of patients; BMI = body mass index; P = statistically significant difference according to t-

test results

The correlation between morphology and
genotypes for the Pvull polymorphism of the ESR1
gene in EHP patients

According to the pathohistological report, the
studied group of women with EHP included 29 cases

of atypical endometrial hyperplasia (EH) (30.5%),
11 cases of glandular endometrial polyps (GEP)
(11.6%), and 55 cases of glandular-fibrous
endometrial polyps (GFEP) (57.9%). Using
Pearson's chi-squared test, we showed that the
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histological variant of EHP does not depend on the
genotype of the Pvull polymorphism of the ESR1
gene (% = 4.14; P = 0.387) (Table 3).

The correlation between the Pvull allelic
polymorphism of the ESR1 gene and the
development of EHP with regard to anthropometric
parameters and age of subjects

When analyzing the data, we found that the
average age of women with EHP was 48.25 £ 11.8
years. At the same time, no statistically significant
difference was found in age between groups of
women with different genotypes for the Pvull
polymorphism of the ESR1 gene (F = 1.24, P =
0.293). The average height of women in the main

group was 164.68 + 6.10 cm; it hardly differed in
groups with different genotypes for the Pwvull
polymorphism of the ESR1 gene (F = 0.39, P =
0.679). The average weight in the main group
amounted to 71.72 + 14.81 kg. No statistically
significant difference was found for this parameter
between the groups (F = 1.92, P = 0.153). The
average BMI in the main group was 26.68 + 5.82.
We did not find a significant difference in BMI
values among subjects with different genotypes for
the Pvull polymorphism of the ESR1 gene (F = 1.00;
P = 0.371). It should be noted that female patients
were overweight or obese in 46.3% of cases (Table 4).

Table 3 - Dependence of the EHP histological variant on the genotype for the Pvull polymorphism of the ESR1

gene
EHP histological variant, n (%)
Genotype Total, n (%)
Non-atypical EH GEP GFEP
T/T 6 (6.3) 5 (5.3) 19 (20.0) 30 (31.6)
T/C 17 (17.9) 3(3.2) 27 (28.3) 47 (49.5)
c/C 6 (6.3) 3(3.2) 9(9.5) 18 (18.9)
Total, n (%) 29 (30.5) 11 (11.6) 55 (57.9) 95 (100)
v? =4.14; P =0.387

Note: n = number of patients; P = statistically significant difference according to chi-squared test results

Table 4 — Anthropometric parameters in patients with EHP depending on the genotype for the Pvull

polymorphism in the ESRI gene (M = SD)

T/T T/C c/C
Parameter F P
n=30 n=47 n=18
Age 46.77 £ 10.94 50.15+£12.40 45.78 £ 11.45 1.24 0.293
Height, cm 163.87 £5.72 165.04 £6.52 165.11 £5.77 0.39 0.679
Body weight, kg 68.23 £ 15.69 74.64 + 14.17 69.89 + 14.20 1.92 0.153
BMI, kg/m? 25.66 £6.15 27.51 £5.62 26.20+ 5.77 1.00 0.371

Note: n = number of patients; P = statistically significant difference according to F-test results (ANOVA

method)

Given that age is a significant risk factor for
reproductive system diseases, particularly EHP, we
investigated the association of allelic variants of the
ESR1 gene for the Pvull polymorphism with age. All
patients were divided into three age groups. The first
group (under 45 years) included 46 (48.4%)

individuals, the second group (45-55 years) included
21 individuals (22.1%), and the third group (over 55
years) included 28 individuals (29.4%), respectively.
The distribution of the ESR1 gene allelic variants for
the Pvull polymorphism did not differ significantly
in the age groups (¥ = 2.98; P = 0.560) (Table 5).
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Table 5 — Frequency of allelic variants of the ESRI gene for the Pvull polymorphism in patients with EHP in
different age groups

Age, n (%)
Genotype Total, n (%)
Up to 45 years 45-55 years Older than 55
T/T 15 (15.8) 8(8.4) 7(7.4) 30 (31.6)
T/C 20 (21.1) 11 (11.6) 16 (16.8) 47 (49.5)
C/IC 11 (11.6) 2(2.1) 5 (5.3) 18 (18.9)
Total, n (%) 46 (48.4) 21 (22.1) 28 (29.4) 95 (100)

x2=2.98; P =0.560

Note: n = number of patients; P = statistically significant difference according to chi-squared test results

Gynecological status of women with EHP risk of both malignant and benign neoplasms. In our
depending on the genotype variant of the Pvull study, we investigated the peculiarities of the
polymorphism of the ESR1 gene gynecological anamnesis in patients with EHP who

It is well known that various diseases leading to had different genotypes for the Pvull polymorphism
reproductive impairment in women can increase the of the ESR1 gene (Table 6).

Table 6 — Distribution of allelic variants of the ESRI gene for the Pvull polymorphism in patients with EHP
with regard to gynecological parameters

G logical ; Genotype, n (%) P by 2
necological parameter
Y giealp T/T T/C c/C v
< 15 years 27 (28.4) 42 (44.2) 2(2.1) ¥2=0.41
Age at menarche _
> 15 years 3(3.2) 5 (5.3) 1(1.2) P=0.816
) No 4(4.2) 8 (8.4) 2(2.1) ¥2=0.43
Parity
Yes 26 (27.4) | 39 (41.1) 16 (16.8) P =0.806
No 17 (17.9 23 (24.2 12 (12.6 2=
Avtificial abortion (179) (24.2 (125) r=172
Yes 13 (13.7) 24 (25.3) 6 (6.3) P=0.424
o No 26 (27.4) | 35(36.8) 17 (17.9) = 4.16
Miscarriage
Yes 4(4.2) 12 (12.6) 1(1.1) P=0.125
No 20 (21.1 32 (33.7 11 (11.6 2=
History of EHP (LY (3.7 (115 x=02%0
Yes 10 (10.5) 15 (15.8) 7(7.4) P =0.867
History of diagnostic No 22(23.2) | 33(34.7) 11 (11.6) 2= 0.82
scrapings or .
hysteroresectoscopy Yes 8 (8.4) 14 (14.7) 7(7.4) P =0.665
Gynecological surgeries No 22(23.2) | 29(30.5) 15 (15.8) ¥?=3.18
Yes 8(8.4) 18 (18.9) 3(3.2) P=0.204
Concomitant uterine Yes 5(5.3) 19 (20.0) 5(5.3) y?=4.95
leiomyoma No 25(26.3) | 28(29.5) 13 (13.7) P =0.084
Concomitant genital Yes 13(13.7) | 15(15.8) 4(4.2) y2=2.37
endometriosis No 17 (17.9) 32 (33.7) 14 (14.7) P =0.305
Burdened familial No 25(26.3) | 40(42.1) 16 (16.8) ¥2=0.28
history Yes 5(5.3) 7(7.4) 2(2.1) P=0.870

Note: n = number of patients; P = statistically significant difference according to chi-squared test results

167



Tsyndrenko N, Romaniuk A

Calculation of data using the Pearson's chi-
squared test showed no correlation between the age
at menarche (y2=0.41; P = 0.816), parity (x* = 0.43;
P = 0.806), history of artificial abortions (2 = 1.72;
P = 0.424), miscarriages (x*> = 4.16; P = 0.125),
diagnostic scrapings or hysteroresectoscopy (x> =
0.82; P = 0.665), gynecological surgeries (x*= 3.18;
P = 0.204) and the studied ESR1 gene
polymorphism.

When studying the distribution of allelic variants
for the Pvull polymorphism of the ESR1 gene in
women with EHP who had a recurrent course of the
disease and in women with EHP who had no history
of EHP, we found no statistically significant
difference between these two groups (¥?>= 0.290; P =
0.867).

Since the presence of combined
hyperproliferative processes of the female genital
organs affects the reproductive function as well as
the course and effectiveness of treatment, the next
step was to study the correlation between a
concomitant  gynecological  disease  (uterine
leiomyomas, endometriosis) and the genotype for
the Pvull polymorphism of the ESR1 gene in women
with EHP. Among the subjects, 29 women (30.5%)
had uterine leiomyoma, and 32 women (33.7%) had
genital endometriosis. However, Pearson's chi-

squared test did not reveal any association of uterine
leiomyoma and genital endometriosis with the Pvull
polymorphism of the ESR1 gene. The difference in
the distribution of different allelic variants was not
statistically significant (3> = 4.95; P = 0.084 and y? =
2.37; P = 0.305 for leiomyoma and endometriosis,
respectively).

When assessing burdened familial history in
relation to malignant tumors of the female genital
organs, no statistically significant difference was
found between the groups for this parameter (x> =
0.28; P = 0.870).

The division of patients into subgroups according
to the age at menarche did not reveal any correlation
between the genotype distribution for the Pvull
polymorphism of the ESR1 gene and the risk of EHP
both in patients with menarche occurrence before 15
years and in women with menarche occurrence after
15 years (P1 > 0.05). At the same time, menarche
more often occurred before 15 years in patients with
EHP vs. the control group (90.4% and 61.2%,
respectively). No statistically significant difference
was found in the frequency of genotypes between the
compared subgroups and among the subjects within
the control and main groups (P2 =0.252; P3=0.816)
(Table 7).

Table 7 — Genotype distribution for the Pvull polymorphism of the ESR1 gene in the control group and in
patients with EHP with regard to the age at menarche

Genotype Age at menarche before 15 years, n (%) Age at menarche after 15 years, n (%)
Control group Patients with EHP Control group Patients with EHP
T/T 18 (22.5) 27 (28.4) 6 (7.5) 3(.2)
T/C 23(28.7) 42 (44.1) 19 (23.8) 5(5.3)
C/C 8 (10.0) 17 (17.9) 6 (7.5) 1(1.1)
¥2=6.0; P1 =0.199 ¥?=3.0; P1=0.223

P2=0.252; P3=0.816

Note: n = number of patients; P1 = statistically significant difference between the control group and the main
group according to chi-squared test results; P2 = statistically significant difference among women of the control

group; P3 = statistically significant difference among patients with EHP

Extragenital diseases in women with EHP
depending on the genotype variant of the Pvull
polymorphism of the ESR1 gene

Obesity, essential hypertension, and diabetes
mellitus are independent risk factors for the
development of EHP and endometrial cancer. We
studied their association with the Pwvull
polymorphism of the ESR1 gene in women with
EHP. As shown in Table 6, the frequency of different

allelic variants of the ESR1 gene for the Pvull
polymorphism did not differ significantly in the
studied groups with respect to obesity, essential
hypertension, and diabetes. The difference in the
distribution of different allelic variants was not
statistically significant (x> = 0.67, P = 0.716; ¥ =
0.67, P = 0.714; and ¥* = 0.46, P = 0.795,
respectively) (Table 8).
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Table 8 — Distribution of allelic variants of the ESRI1 gene for the Pvull polymorphism in patients with EHP

with regard to extragenital diseases

. . Genotype, n (%)
Extragenital disease P by ¢
T/T T/C C/C

, Yes 7(7.4) 15 (15.8) 5 (5.3) =067

Obesity _
No 23 (24.2) 32 (33.7) 13 (13.7) P=0.716
_ _ Yes 5 (5.3) 11 (11.6) 3(3.2) =067

Essential hypertension _
No 25 (26.3) 36 (37.9) 15 (15.8) P=0.714

Yes 3(3.2 3(3.2 1(11 2=
Diabetes mellitus (3.2) (3.2) @1 1 =046
No 27 (28.4) 44 (46.3) 17 (17.9) P=0.795

Note: n = number of patients; P = statistically significant difference according to chi-squared test results

Discussion

Exploring genetic components plays an
important role in studying the pathogenesis of
multifactorial diseases, including benign diseases of
the female reproductive system. It is known that
individual genetic predictors can have different
impact on the development of diseases in residents
of different countries and regions. Therefore,
regional studies are of particular interest today. As
for residents of the Sumy Oblast, Ukraine, active
research is being conducted on specific genetic
markers of acute coronary syndrome [20, 21],
ischemic stroke [22], diabetes mellitus [23], and
tumors of the genitourinary system [24, 25],
including benign diseases of the female reproductive
system [26]. The relevance of our study is
attributable to the lack of research on the role of
estrogen receptor alpha gene polymorphisms in the
development of EHP in the Sumy Oblast, as well as
to the high frequency of EHP and the high risk of
EHP transformation into a malignant process.

Currently, the pathogenesis of EHP is not fully
understood. However, the role of the estrogen
system and genetic factors in this process is
unquestionable. It is known that ESR1 gene
polymorphisms are of great importance in realizing
the effects of estrogen on the functioning of a
woman's body. Some of them are involved in the
development of female reproductive health
problems, including EHP [27]. The association of
the Pvull polymorphism of the ESR1 gene with
diseases of the female genital organs is still
controversial. Thus, Y. Feng et al. showed in their
meta-analysis that included 11 cohorts of patients
that the Pvull polymorphism of the ESR1 gene was
a risk factor for uterine leiomyoma [28]. M. Toprak
et al., in their experimental study, which included

102 Turkish women with uterine leiomyoma, did not
observe any association of the Pvull polymorphism
of the ESR1 gene with the development of the
disease [29]. J. Wang et al. also did not confirm the
association of the Pvull polymorphism of the ESR1
gene with the development of uterine endometriosis
[30].

However, many scientists demonstrated in their
studies that the Pvull polymorphism of the ESR1
gene was associated with numerous diseases, such as
hypertension, dyslipidemia, coronary atherosclerosis
[10], type 1l diabetes [31, 32], sexual dysfunctions
[33], lung cancer [34], coronary artery disease [35],
osteoarthritis [36], osteoporosis [37], precocious
puberty [38], repeated spontaneous abortions [39],
chronic hepatitis B [40], systemic lupus
erythematosus [41, 42], Alzheimer's disease [43],
dementia [44], prostate cancer in men [45]. Genetic
variation T/C of the Pvull polymorphism of the
ESR1 gene may be a risk factor for hepatocellular
carcinoma, gallbladder cancer [46], breast cancer
[10, 47], and endometrial cancer [48]. Genotypes
T/C and C/C for the Pvull polymorphism of the
ESR1 gene give a poor prognosis in advanced breast
cancer, but they can be considered a good predictor
of the therapeutic effect of hormone therapy [49, 50].
The Pvull polymorphism of the ESR1 gene can
change susceptibility to endometrial cancer [51].
There is a connection between the Pwvull
polymorphism of the ESR1 gene and benign
dysplasia of the mammary glands, namely, the C/C
homozygous state is a reliable indicator of increased
proliferative activity with a tendency to atypical
changes. Assessing the population of patients with
benign breast dysplasia from the northeastern region
of Ukraine, I. Lukavenko et al. found an association
of the Pwvull polymorphism with the degree of
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proliferation and the level of ERa expression in
breast tissue in individuals with the C/C genotype
[52].

A number of studies confirmed that the C allele
for the Pvull polymorphism of the ESR1 gene was a
risk factor for the development of infertility [53, 54].
G. Livshyts et al. showed that the T-allele for the
Pvull polymorphism of the ESR1 gene correlated
with reduced ovarian reserve in Ukrainian women
[55]. There is an association between the Pvull
polymorphism of the ESR1 gene and the levels of C-

CONCLUSIONS / BACHOBKH

There was no difference in the distribution of
T/T, TIC, and C/C genotypes for the Pvull
polymorphism in the estrogen receptor alpha gene
between patients with endometrial hyperplastic
process and the control group. There was no

reactive protein, testosterone, and metabolic
syndrome in polycystic ovary syndrome [56].
However, in our study, no correlation was found
between polymorphic variants of the ESR1 gene for
the Pvull polymorphism and the development of
EHP. In addition, there was no association of the
studied genetic factor with the histological variant of
the endometrial hyperplastic process,
anthropometric parameters, age, medical history, or
concomitant genital and extragenital conditions in
female patients of the Sumy Oblast, Ukraine.

correlation between the genotype variant for the
studied polymorphism and the histological variant of
the endometrial hyperplastic process,
anthropometric parameters, age, medical history,
concomitant genital and extragenital conditions in
patients of the Sumy Oblast, Ukraine.

PROSPECTS FOR FUTURE RESEARCH / TEPCIHEKTUBHU MOJAJBIINX JOCJIIKEHb

It is advisable to investigate the expression of estrogen receptors and genotypes for the Pvull polymorphism
of the estrogen receptor alpha gene in a larger group of patients with endometrial hyperplastic processes.
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