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v" Resume

This thesis investigates the role of the G2014A/Thr594Thr polymorphism in the ESR1 gene in
the development of Benign Prostatic Hyperplasia (BPH) and Prostate Cancer (PC). The ESR1 gene
encodes the estrogen receptor alpha (ER«), which plays a critical role in the regulation of cellular
processes influenced by estrogen signaling. The G2014A polymorphism results in the Thr594Thr
substitution, a variation that may affect receptor function and, consequently, influence prostate
tissue growth and disease progression. The research explores whether this genetic variation
contributes to the pathogenesis of BPH, a non-cancerous enlargement of the prostate, and PCa, a
hormone-dependent malignancy. The study will also examine potential molecular mechanisms
through which the polymorphism alters estrogen receptor activity and its effects on prostate cell
proliferation, apoptosis, and androgen receptor signaling. By clarifying the role of this
polymorphism, the thesis aims to provide insights into the genetic underpinnings of prostate
diseases, with potential implications for risk assessment, early detection, and targeted therapies.

Keywords: Benign Prostatic Hyperplasia (BPH), prostate cancer, genetic polymorphisms, ESR1
gene, G2014A/Thr594Thr Polymorphism.

POJIb TOJTUMOP®U3MA G2014A/THRS94THR B I'EHE ESR1 B TATOI'EHE3E
JOBPOKAYECTBEHHOU IN'MIEPIVIAZUU TPEJACTATEJIBHOU KEJIE3bI U PAKA
INPOCTATBI
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v Pesiome

Jlannoe uccnedoseanue noceauwieno uszyuenuto ponu noaumoppusma G2014A/Thr594Thr 6 zene
ESRI ¢ pazeumuu 0obpoxkauecmeennoil zunepniasuu npeocmamenvhou xcenesvt (AI'IIJK) u paxa
npocmamot (PII). I'en ESRI xooupyem 3cmpozenoswiit peyenmop anvpa (ERa), komopwiii uzpaem
6AJICHYIO POIb 6 PEYNAYUU KICHOUHBIX NPOUECCO8, ONOCPEOOBAHHBIX ICHIPOEHHOU CUZHANU3AYUEl.
Honumopgpusm G2014A npueooum k 3amene Thr594Thr, komopas moxcem noeiIuasms HA GYHKUUIO
peuenmopa u, KaK ciedcmeue, Ha POCHL MKAHE NPOCHMAMbl U NPOZPECCUPOSAHUE 3AD01€6AHUIL.
Hccnedosanue HANpaeneHo HA 6blAGNEHUE C6A3U OAHHOI 2eHEMUYECKOU 6aPUAUUU C NAMO2EHE30M
JAT'TIK, neonkonocuueckozo yeenuuenus npocmamot, u PII, zopmonozaeucumoii 3nokauecmeenHoil
onyxonu. Kpome mozo, usyuaromcsa monekynapuvle MexXanuzmvl, HOCPEOCHMEOM KOMOPLIX INOM
ROUMOPPUIM UIMEHAEN AKMUBGHOCHb ICHPOSEHOE020 PEYEeninopa u e2o 6IuAHue Ha npoaugdepayuro
KJ1emoK npeocmamenvHoll Jiceie3bl, anonmos u auopozenogyio cuznanuzayuio. Ilposcnenue ponu
0aHHO020 noOAUMOpDUIMA MOIHCEM CROCOOCMEOBAmMb NYyUUIEMY NOHUMAHUIO 2€HEeMUYEeCKUX OCHOG
3a001€6aHUTI NPOCMANIbL, YNO NOMEHUUATILHO NOJIE3HO 014 OYEHKU PUCKO0S, PAHHEl OUACHOCIUKU U
Pa3padomku yenesylx Memooos mepanuu.

Knioueewie cnoea: /loopoxkauecmeennas cunepnnaszus npedocmamenshoil cenesvt (AI'TIK), pax
npocmamol, 2eHemuyeckue noaumopguzmol, 2en ESR1, nonumoppuszm G2014A/Thr594Thr.
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v’ Rezume

Ushbu tadgigot ESR1 genining G2014A/Thr594Thr polimorfizmining prostata bezi xavfsiz
giperplaziyasi (PBXG) va prostata bezi saratoni (PBS) rivojlanishidagi rolini o‘rganishga
bag‘ishlangan. ESRI geni estrogen retseptori alfa (ERa)ni kodlaydi, u estrogen signalizatsiyasi
ta’siridagi  hujayraviy jarayonlarning tartibga solinishida muhim rol o‘ynaydi. G2014A
polimorfizmi Thr594Thr o‘rin almashishini keltirib chiqaradi, bu esa retseptor faoliyatiga ta’sir
qilishi va natijada prostata to‘qimalarining o‘sishi hamda kasalliklar progressiyasiga ta’sir
ko ‘rsatishi mumkin. Tadqiqot ushbu genetik variatsiya PBXG — prostatning xavfsiz giperplaziyasi
va PBS — gormonga bog‘liq rak patogeneziga qanday ta’sir qilishini aniqlashga qaratilgan.
Shuningdek, mazkur polimorfizm estrogen retseptorining faoliyatini qanday o‘zgartirayotgani va
uning prostata hujayralarining ko‘payishi, apoptosi hamda androgen retseptor signalizatsiyasiga
ta’siri molekulyar mexanizmlari o‘rganiladi. Ushbu polimorfizm rolini aniqlash prostata
kasalliklarining genetik asoslarini yaxshirog tushunishga yordam berishi mumkin, bu esa xavfni
baholash, barvaqt tashxis qo‘yish va magqsadli davolash usullarini rivojlantirishda muhim
ahamiyatga ega bo‘ladi.

Kalit so‘zlar: Prostata bezi xavfsiz giperplaziyasi (PBXG), prostata bezi saratoni (PBS), genetik
polimorfizmlar, ESR1 geni, G2014A/Thr594Thr polimorfizmi.

Materials and methods
tudy Subjects. The present study included 74 men who visited the clinic for LUTS between
January 2022 and December 2023. Patients' clinical symptoms were assessed using the
International Prostate Symptom Score (IPSS) and quality of life (QoL) questionnaires. The prostate
volumes of patients were measured by transrectal ultrasonography, and the serum prostate-specific
antigen (PSA) level of each subject was determined. Peak urine flow velocity (Qmax) and mean urine
flow velocity (Qavg) were measured using a uroflowmetry system.

The blood analysis of associations of polymorphisms of the studied genes will be carried out using
a case-control model (case-control, comparison of two samples). Genetic research and analysis of the
obtained data will be carried out according to the GRIPS principles in order to increase transparency
and the quality of risk prediction. PCR analysis will be carried out using thermal cyclers Applied
Biosystems 2720 (USA) and CG1-96 (Corbett Research QUAGEN Germany) and Rotor GeneQ
(QUAGEN Germany) in accordance with the amplification programs. When collecting blood from
patients, standard vacuum tubes Vacutainer Becton Dickinson International (USA) with EDTA will be
used.

Subjects were excluded from the study if they had prostate cancer, neurogenic bladder, urethral
stricture, acute/chronic prostatitis, urinary tract infection, uncontrolled diabetes mellitus, previous
pelvic surgery, or hypertension. Subjects were assigned to either the control group (prostate volume
<30 mL) or the group with BPH [prostate volume 30 mL; IPSS, >8; Qmax, <15 mL/sec] group,
depending on symptoms (11,12). All subjects provided written informed consent.

Result and discussions
In the main group of patients, the A allele was detected with a frequency of 97.6% versus 99.0%
(x2=1.3; P=0.3; OR=0.4; 95%CI:0.08- 1.96) in conventionally healthy individuals. The distribution
frequency of the G allele showed that this allele was slightly higher in the main group of patients
compared with the comparison group (2.4% vs. 1.0%; x2=1.3; P=0.3; OR=2.5; 95%Cl:0.51-12.4).
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Table 1
Carriage of alleles and genotypes of G2014A/Thr594Thr polymorphism in ESR1 gene in the
main group of patients and in the control group.

Number of alleles and genotypes
examined
Alleles and Main group Control group 2 0 OR 95%ClI
genotypes
n % n %
A 207 97.6 208 99.0 0.4 0.08 —1.96
5 2.4 2 1.0 2.5 051-124
1.3
AIA 101 95.3 103 98.1 0.3 0.4 0.08 —1.96
AIG 5 4.7 2 1.9 2.5 0.51-12.74

However, no significant differences were found in the frequency distribution of A/A genotype in
the compared groups (95.3% vs. 98.1%; y2=1.3; P=0.3; OR=0.4; 95%CI:0.08-1.96).

It should be noted that when carrying heterozygous A/G genotype, no significant association was
found in patients in the main group in relation to healthy individuals. But, in spite of this, the risk of
disease development at carrying this genotype is 2.5 times higher than in individuals without this
genotype (4.7% vs. 1.9%, x2=1.3; P=0.3; OR=2.5; 95%CI:0.51-12.74).

The homozygous G/G genotype was not detected in both groups (see Table 1).

It is important to note that despite the absence of a significant association between the
heterozygous A/G genotype and the development of the disease in the main group compared to the
control group, there is a tendency to an increased risk of BPH in carriers of this genotype. The 2.5-fold
higher risk observed in carriers of the A/G genotype, although not reaching statistical significance,
may indicate the potential influence of genetic predisposition on the development of this disease. The
absence of a homozygous G/G genotype in both groups may indicate the rarity of this variant in the
population, which requires further study to understand its role in pathogenesis in more detail.

Additional studies, including expansion of the sample and analysis of other genetic and non-genetic
factors, may help to clarify the relationship between genotypes and risk of developing BPH.

The analysis of allelic and genotypic variants frequency of G2014A/Thr594Thr polymorphism in
ESR1 gene allowed us to establish that 98.0% of patients with BPH had A allele of major type,
whereas in the group of conditionally healthy individuals the detection of the same allele was observed
in 98.1% of cases. It should be noted that in this case there were no significant differences between the
groups (¥2=0.7, p=0.4, 95%CI:0.08-2.7, OR=0.5).

In addition, in contrast to the major allele A in the main group of patients with BPH, there was a
more than 2.2-fold increase in the minor allele G of this polymorphic marker compared to the control
group (2.0 vs. 1.0% at y2=0.7, p=0.4, 95%Cl:0.37-12.51, OR=2.2).

When comparing the frequency distribution of wild-type genotype A/A of polymorphic marker
G2014A/Thr594Thr in ESR1 gene in patients with BPH, there were no significant differences from
healthy individuals (p>0.05), which indicates that this genotype is not associated with the risk of
developing this disease (see Table 2).

Heterozygous genotype A/G of G2014A/Thr594Thr polymorphism in the ESR1 gene was detected
with the highest frequency in the group of patients with BPH - 4.1% versus 1.9% of cases in the
reference group. At the same time, the differences did not reach the level of threshold significance.
Nevertheless, in the presence of this genotype there is a weak tendency of risk of OSA development
(2.2 times) in relation to the control group (x2=0.7; P=0.4; OR=2.2; 95%CIl: 0.37-12.82).
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Table 2
Carriage of alleles and genotypes of G2014A/Thr594Thr polymorphism in ESR1 gene in the
main group of patients with BPH and in the control group.

Number of alleles and genotypes
examined
Alleles and
BPH Control group x2 p OR 95%Cl
genotypes
n % n %
A 145 98.0 208 99.0 0.5 0.08 — 2.7
G 3 2.0 2 1.0 2.2 0.37-1251
0.7
A/A 71 95.9 103 98.1 0.4 0.5 0.08 —2.71
AIG 3 4.1 2 1.9 2.2 0.37-12.82

However, despite the absence of statistically significant differences, the revealed trend may
indicate a potential role of heterozygous genotype A/G of G2014A/Thr594Thr polymorphism in ESR1
gene in the pathogenesis of BPH. In order to confirm these findings and more accurately assess the
possible influence of genotype on the risk of developing the disease, further studies with larger sample
sizes and stratification by other risk factors, such as age, comorbidities and hormonal status, are
needed.

As can be seen from Table 4.3, 96.9% of the examined patients with cancer were carriers of the
wild-type allele A of the G2014A/Thr594Thr polymorphism of the ESR1 gene, whereas in the
reference group this allele was detected in 99.9% of the participants.

There were no significant differences in the frequency of carrying the A allele between patients
with AD and conventionally healthy individuals (x2 = 1.6, p = 0.3, 95%CIl: 0.05-1.93, OR = 0.3) (see
Table 3).

The frequency of the unfavorable G allele of this polymorphism was marginally higher among the
RPW patients compared with controls (3.1% vs. 1.0%). Despite the non-significant difference in the
frequency of the G allele, there was a moderate trend towards an increased risk of developing RPJ and
the presence of this allele increased the risk of developing the above pathology 3.4-fold compared to
the control group (32 = 1.6, p = 0.3, 95%Cl: 0.52-21.77, OR = 3.4) (see Table 3).

Thus, despite the absence of statistically significant differences in the frequency of carrying the A
allele of the G2014A/Thr594Thr polymorphism of the ESR1 gene between patients with CRC and
conventionally healthy individuals, there is a tendency for more frequent detection of the minor G
allele among CRC patients. This may indicate a potential role of this polymorphism in predisposition
to the development of this disease.

Additional studies with larger patient samples are needed to determine more precisely the
contribution of genetic markers to the development of prostate cancer.

The analysis of genotyping results and statistical data processing confirms that the
G2014A/Thr594Thr polymorphism may have a moderate effect on the risk of developing cancer.
These findings open prospects for further investigation of the role of polymorphism in personalized
medicine, where the genetic characteristics of the patient can be taken into account in the development
of preventive and therapeutic strategies.

The frequency of wild-type A/A genotype was 93.8% in the studied group of patients with RPW,
while in the control group this figure reached 98.1%. The differences were not statistically significant
(x>=1.6, p=0.3, 95%CI:0.04-1.93, OR=0.3) (see Table 3).

According to Table 4.3, there was a difference in the frequency of heterozygous genotype A/G
genotype of the ESR1 genetic marker in patients with AD, with odds ratio (OR) 3.4 at ¥*>=1.6 and
p=0.3 compared to controls (6.3% vs. 1.9%). This indicates that the presence of this genotype is
associated with a 3.4-fold increased risk of developing RR1 compared to the reference group.
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Although the results did not reach statistical significance, the presence of heterozygous A/G genotype
may indicate a potential predisposition to RPV, which warrants further investigation.

Table 3.

Carriage of alleles and genotypes of the G2014A/Thr594Thr polymorphism in the ESR1 gene
in the main group of patients with cancer and in the control group.

Number of alleles and genotypes
examined
g:alr? :)i;sgsd CP Control group x2 p OR 95%Cl
n % n %
A 62 96.9 208 99.0 0.3 0.05-1.93
G 2 3.1 2 1.0 16 3.4 0.52 -21.77
A/A 30 93.8 103 98.1 0.3 0.3 0.04 —1.93
AIG 2 6.3 2 19 3.4 0.52 —22.76

Molecular genetic studies have shown that the wild-type A allele is detected slightly more
frequently (98.0%) in patients with DGPJ than in patients with RPJ, where its frequency is 96.9%. At
the same time, the mutant G allele is found in 2.0% of cases in patients with DGPJ, compared to 3.1%
in patients with RPJ. These differences are statistically insignificant (¥*>=0.2; p=0.7; OR=1.6; 95%CI:
0.26-9.43 for allele A and %*=0.2; p=0.7; OR=0.6; 95%CI: 0.11-3.88 for allele G) (see Table 4).

Table 4

Carriage of alleles and genotypes of the G2014A/Thr594Thr polymorphism in the ESR1 gene
in the main group of patients with BPH and CP.

Number of alleles and genotypes
examined
Alleles and BPH cP ) P OR 95%Cl
genotypes
n % n %
A 145 98.0 62 96.9 1.6 0.26 —9.43
G 3 2.0 2 3.1 0.6 0.11-3.88
0.2 0.7
AlA 71 95.9 30 93.8 1.6 0.25-9.79
AlIG 3 4.1 2 6.3 0.6 0.1-3.93

In the course of the study it was revealed that a statistically insignificant increase in the frequency
of distribution of wild-type genotype A/A of polymorphic marker G2014A/Thr594Thr in ESR1 gene
was observed in patients with DPPJ compared to patients with AD - 95.9% vs. 93.8%. At the same
time, there was a slight decrease in the frequency of heterozygous A/G genotype - 4.1% in patients
with DPPJ compared to 6.3% in patients with RPJ. These differences did not reach statistical
significance (y*=0.2; p=0.7; OR=1.6; 95%CI:0.25-9.79 for the A/A genotype and ¥*=0.2; p=0.7;
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OR=0.6; 95%CI:0.1-3.93 for the A/G allele) (see Table 4.4), indicating that there were no convincing
genetic differences in the frequencies of these genotypes between the two groups of patients.

Conclusion
Nevertheless, such data emphasize the need for further studies to better understand the potential
role of genetic markers in the development of BPH and PCa. Larger studies involving more patients
could provide more definitive data on possible associations between polymorphisms in the ESR1 gene
and susceptibility to prostate disease.
Further study of polymorphic markers and their influence on the functional activity of genes may
open new opportunities for personalized medicine, which will allow to develop more accurate methods
of diagnosis and therapy for patients with prostate diseases.
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