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The purpose of this study was to investigate the effect of ESR1, PGR genes variants and hypermethylation of promoter 
region of the ESR1 gene on the risk of uterine leiomyoma in women. The risk of disease development was associated with ESR1 
genes variants, and in the presence of 397CC genotype of the ESR1 gene were observed significantly larger size of the dominant 
node and early onset of the disease in patients. PGR gene variant modified the risk of uterine leiomyoma development. The T1/T2 
heterozygous variant of the gene was associated with a reduced risk of uterine leiomyoma development in women. In the presence 
of the T1/T1 gene variant, the risk of uterine leiomyoma development was significantly 2.5-time increased, and was significantly 
4-time increased for patients with this genotype in combination with 351AA genotype of the ESR1 gene. Hypermethylation of the 
ESR1 gene promoter region was an additional risk factor for uterine leiomyoma development and was detected in patients with 
unsuccess treatments response. 
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PROGINS (T2) ВАРІАНТ ГЕНА PGR МОЖЕ ЗНИЖУВАТИ ESR1 ЗАЛЕЖНИЙ 
ГЕНЕТИЧНИЙ РИЗИК РОЗВИТКУ ЛЕЙОМІОМИ МАТКИ 

 

Метою роботи було дослідити вплив варіантів генів ESR1, PGR та гіперметилування промоторної ділянки гена 
ESR1 на ризик розвитку лейоміоми матки у жінок. Ризик розвитку захворювання був асоційованим з варіантами гена ESR1, 

а при наявності генотипу 397СС за геном ESR1 спостерігали значуще більший розмір домінантного вузла та ранній 
початок захворювання у пацієнток. Варіант гена PGR модифікував ризик розвитку лейоміоми матки. Гетерозиготний 
варіант гена Т1/Т2 був асоційованим зі зниженням ризику розвитку лейоміоми матки у жінок. За наявності варіанта гена 
T1/T1 ризик розвитку лейоміоми матки значуще підвищувався у 2,5 рази, і був значуще підвищеним у 4 рази для пацієнток 
з цим генотипом у поєднанні з генотипом 351AA за геном ESR1. Гіперметилування промоторної ділянки гена ESR1 було 
додатковим чинником ризику лейоміоми матки та визначалося у пацієнток з відсутністю ефекту при застосуванні 
стандартних методів лікування. 

Ключові слова: генетичний ризик, ESR1, PGR, метилування, лейоміома матки 

 

The work is a fragment of the research project “Investigate the mechanisms of influence of conservative and surgical 

treatment of uterine leiomyoma on the morphofunctional state of the target organs of the reproductive system in women of 

childbearing age”, state registration No 0117U004535. 
 

Uterine leiomyoma (UL) is a benign, monoclonal tumor of the female genital tract that originates 
from the myometrium, leading to excessive uterine bleeding, chronic pelvic pain, infertility, and obstetric 
pathology. UL is diagnosed in some populations in 80 % of women during life and at least in 70 % 
women before menopause [3]. The development of UL depends of many factors: age, elevated body 
mass index, positive family history and genetic predisposition. It is believed that elevated levels of 
estrogen and progesterone are among the most important factors contributing to the formation and growth 
of UL [3]. 

The impact of ESR1 and PROGINS gene variants on UL development and course has been studied 
for almost two decades. In this regard, some convincing results were obtained. In a study of a group of 
women who underwent surgery for UL, as compared to healthy individuals, researchers found the 
association between the 397CC genotype of the ESR1(-397TC) gene and an increased risk of developing 
the disease in the Caucasian race and others. A correlation of the 397CC genotype with the size of 
leiomyoma, was also found; the weight of myoma in patients with this genotype was significantly higher, 
sometimes more than 400 grams [11]. Later, a thorough meta-analysis confirmed the association between 
the ESR1 PvuII (rs2234693) gene variant and an increased risk of leiomyoma, and for the XbaI (rs9340799) 
gene variant, it was proposed to continue the study [7]. In some subsequent studies, the association of the 
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ESR1 gene variants with UL development was not confirmed [4]. In Ukraine, the researchers found an 
association of the ESR1 gene variants with the development of benign neoplasms of the female reproductive 
system in women with a family history burdened with oncological pathology [14]. For PROGINS variants 
of the PGR gene, most studies did not reveal an increase in the risk of developing UL, but a study conducted 
by Gomes M.T. et al. found the opposite – a reduced risk of developing the disease in the presence of a 
mutant variant of the gene [5]. The combined effect of the ESR1 and PGR gene variants has not yet been 
evaluated. Hypermethylation in the promoter region of the gene is also associated with dysfunction of the 
ESR1 gene. In patients with breast cancer and hypermethylated promoter region of the ESR1 gene, gene 
expression is reduced, which correlated with resistance to hormone therapy [15]. Decreased gene 
expression due to hypermethylation of the promoter site may have a multidirectional effect in patients with 
UL, as it is known that gene hypermethylation can be persistent, inherited, and affect the risk of disease 
and determine their course [8]. 

The purpose of the study was to examine the impact of the ESR1, PGR gene variants and 
hypermethylation of the ESR1 gene promoter region on the risk of UL development. 

Materials and methods. The study enrolled 62 female patients with UL. The average age of 
patients with UL was 38.2±6.9 years. Comparison group 1 consisted of 41 women of the appropriate age 
(average age – 38.7±11.0 years), who were not diagnosed with the disease during a standard examination. 
In addition, to evaluate the results obtained in the selected comparison groups, a comparison was made 
with the data of other Ukrainian researchers, in whose works a detailed clinical description of the 
comparison groups was provided [13, 14]. Clinically healthy women were selected from these studies and 
comparison groups 2 and 3 were formed. The structure and topography of myomatous nodes, features of 
their vascularization were studied. Two classifications were used (ICD 10, 1990 and FIGO, 2011). Biopsy 
material for the study of methylation of the promoter region of the ESR1 gene was taken during surgery or 
by pipelle biopsy. 

Informed consent was obtained from each participant included in the study before the collection of 
blood and tumor samples. The study was approved by the Ethics Committee of the State Institution 
“Institute of Pediatrics, Obstetrics and Gynecology of NAMS of Ukraine”. 

The insertional polymorphism PROGINS (306-bp Alu insertion in intron G) of the PGR gene was 
determined using the method of allele-specific PCR, and determination of polymorphic variants A351G 
(rs9340799) and T397C (rs2234693) of the ESR1 gene was performed using the PCR-RFLP method 
according to previously published protocols [1, 2, 14]. The methylation status of the promoter region of 
the ESR1 gene was determined using the molecular genetic method [6]. The result of determining the 
methylation status of the promoter region of the ESR1 gene was taken into account depending on the 
number of hypermethylated alleles: in the heterozygous state – Met/UnMet, and in the absence of 
methylation – UnMet/UnMet. 

Statistical data processing was performed using the Microsoft Excel Pro Plus 2016 and SPSS 
v.27 software. In the analysis of basic clinical characteristics, the mean value±standard deviation was 
calculated. The studied parameters were checked for the normalcy of distribution using the Kolmogorov-
Smirnov test. In the case of a normal distribution, the probability of differences in quantitative results 
was determined using Student's t-test, and in a distribution that differed from the normal one, the Mann-
Whitney U test was used. Differences were considered reliable for all types of analysis at a significance 
level (p) of less than 0.05. 

Results of the study and their discussion. When analyzing the distribution of polymorphic 
variants of the ESR1 and PGR genes in patients with UL and in the comparison group 1 (table 1), we did 
not reveal significant differences in the variants of the ESR1 genes. Patients with UL had a significantly 
increased distribution frequency of the T1/T1 genotype and a significantly reduced distribution frequency 
of the T1/T2 genotype of the PGR gene in contrast to women in the comparison group 1. 

The obtained results indicate that the presence of the T1/T1 genotype of the PGR gene is associated 
with an increased risk of developing UL (χ2=4.18, p=0.048, OR=2.43 (1.03-5.74)), increasing it by almost 
2.5 times, whereas the presence of heterozygous T1/T2 genotype is associated with a reduced risk of the 
disease (χ2=4.82, p=0.0281, OR=0.38 (0.15-0.91)). When comparing the frequencies of genotype 
combinations in the comparison groups, differences were found for the following variants in the studied 
genes: in patients with UL, the combination of genotypes T1/T1+351AA (30.7 % vs 9.8 %, χ2=5.06, 
p=0.024, OR=4.09 (1.28-13.09)) of the PGR and ESR1 gene variants were significantly elevated in contrast 
to the comparison group 1. Therefore, the PGR gene variant modifies the risk of fibromyoma in women 
with the ESR1 gene variants. 
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Table 1 
Comparison of the distribution frequency of the PGR and ESR1 gene variants in the comparison groups 

Gene 
(polymorphism) 

Genotype, 
allele 

UL 
group 
(n=62) 

Comparison 
group 1 
(n=41) 

Comparison 
group 2 
(n= 55) 

Comparison 
group 3 
(n= 25) 

Statistic 

PGR (PROGINS) 
T1/Т1 

48 
(77.4 %) 

24 
(58.5 %) 

- 
13 

(52.0 %) 

p<0.05a 

p>0.05b 
p<0.05c 

Т1/Т2 
12 

(19.4 %) 
16 

(39.0 %) 
- 

10 
(40.0 %) 

p<0.05a 

p>0.05b 
p<0.05c 

Т2/Т2 
2  

(3.2 %)  
1  

(2.4 %) 
- 

2 
(8.0 %) 

p>0.05a 

p>0.05b 
p>0.05c 

Allele Т1 0.87 0.78 - 0.72 p>0.05a 

p>0.05b 
p<0.05c Allele Т2 0.13 0.22 - 0.28 

ESR1 (T397С) 
397TT 

16 
(25.8 %) 

11  
(26.8 %) 

34  
(61.8 %) 

- 
p>0.05a 

p<0.05b 
p<0.05c 

397TC 
31 

(50.0 %) 
24 

 (58.5 %) 
18  

(32.7 %) 
- 

p>0.05a 

p<0.05b 
p>0.05c 

397CC 
15 

(24.2 %) 
6 

(14.6 %) 
3 

 (5.5 %) 
- 

p>0.05a 

p>0.05b 
p<0.05c 

Allele 397T 0.51 0.56 0.78 
- 

p>0.05a 

p<0.05b 
p<0.05c Allele 397C 0.49 0.46 0.22 

ESR1 (A351G) 
351AA 

28 
(45.2 %) 

15 
(36.6 %) 

37  
(67.3 %) 

- 
p>0.05a 

p<0.05b 
p<0.05c 

351AG 
24 

(38.7 %) 
23 

(56.1 %) 
18 

(32.7) 
- 

p>0.05a 

p<0.05b 
p>0.05c 

351GG 
10 

(16.1 %) 
3 

(7.3 %) 
0 

(0.0 %) 
- 

p>0.05a 

p>0.05b 
p<0.05c 

Allele 351A 0.65 0.65 0.84 - p>0.05a 

p<0.05b 
p<0.05c Allele 351G 0.35 0.35 0.16 - 

a – when comparing frequencies “UL group – comparison group 1; b – when comparing frequencies “comparison group  
1 – comparison group 2, 3”; c – when comparing frequencies “UL group – comparison group 2, 3” 

 

In Ukraine, few studies have been conducted on the contribution of ESR1 and PGR gene variants 
to the development of pathology of the female reproductive system, and large-scale population studies have 
not been conducted at all, therefore, comparisons with population frequencies have not been possible. 
When comparing the frequency distribution of the genotypes obtained in our study and the frequencies in 
comparison groups 2 and 3, significant differences were found (Table 1). In particular, comparison group 
1 in contrast to comparison group 2, we found a significant increase in the frequency of heterozygotes 
397TC and 351AG, and, accordingly, an increase in the frequency of alleles 397C and 351G for 
polymorphic variants T397C and A351G of the ESR1 gene. For the group of patients with UL, in contrast 
to comparison group 2, we revealed a decrease in the distribution frequency and, accordingly, the protective 
effect of genotypes 397TT (χ2=15.44, p=0.0001, OR=0.21 (0.10-0.47)) and 351AA (χ2=5.77, p=0.0163, 
OR=0.38 (0.19-0.85)), as well as an increased risk in the presence of genotypes 397CC (χ2=6.49, p=0.0109, 
OR=5.53 (1.51-20.32)), 351GG (χ2=9.87, p=0.0017) and alleles 397C (χ2=18.89, p=0.0001, OR=3.47 
(1.96-6.16)) and 351G (χ2=10.94, p=0.0009, OR=2.81 (1.50-5.25)) of the studied polymorphic variants of 
the ESR1 gene. The analysis of the clinical characteristics of comparison group 2 indicated the absence of 
complications in the obstetric and gynecological history and the absence of the burdened family history by 
any oncological pathology (morbidity of relatives of the first and second degree of kinship). Due to the 
detected differences, we analyzed the family history of the examined women. In the examined women of 
the comparison group 1, 65.9 % had family histories, burdened with oncological pathology, of which 24.4% 
had relatives with oncological pathology, belonging to the first degree of kinship. In addition, 82.9% of the 
examined women in the comparison group had a burdened obstetric and gynecological history. 
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Analyzing the frequencies obtained for our comparison group 1 and comparison group 3, we did not 
find significant differences. For patients with UL, as opposed to the comparison group 3, we detected a 
significant increase in the distribution frequency of the T1/T1 genotype (χ2=5.49, p=0.0191, OR=3.16 (1.18-
8.47)) and the T1 allele (χ2=5.69, p=0.0171, OR=2.63 (1.17-5.90)) and a significant decrease in the 
distribution frequency of the heterozygous T1/T2 variant of the PGR gene (χ2=4.02, p=0.045, OR=0.36 (0.13-
0.99)). The detected genetic features of the distribution of genotype combinations in the comparison groups 
revealed that the presence of the PGR T1/T2 gene variant reduces the risk of UL development in women. 

Another aspect of our study was to examine the possible influence of the examined polymorphic 
variants of the PGR and ESR1 genes on the course of the disease. To do this, we analyzed the clinical 
parameters in the group of patients with UL depending on genotypes (table 2). 

Table 2 
Association of genotypes with patient and disease characteristics 

 ESR1 (T397C) ESR1 (A351G) PGR (PROGINS) 

TT TC CC AA AG GG T1/T1 T1/T2 T2/T2 

Age (y) 38.0±6.2 40.1±6.5 34.5±7.1 39.7±6.8 37.5±6.2 35.8±8.3 37.9±7.1 39.1±5.6 41.0±9.9 

Type of treatment 

Сonservative 37.5 % 37.5 % 25.0 % 54.2 % 29.2 % 16.7 % 79.2 % 16.7 % 4.2 % 

Surgical 19.4 % 58.3 % 22.2 % 41.7 % 44.4 % 13.9 % 77.8 % 19.4 % 2.8 % 

Focality of myomatosis 

Unifocal 20.0 % 40.0 % 40.0 % 40.0 % 40.0 % 20.0 % 75.0 % 20.0 % 5.0 % 

Multifocal 30.6 % 52.8 % 16.7 % 47.2 % 38.9 % 13.9 % 80.6 % 16.7 % 2.8 % 

Size of the domi- 
nant node (mm) 

31.7±24.1 40.8±28.8 63.3±48.5 36.5±27.3 52.4±28.7 65.8±56.8 45.8±28.1 57.8±58.7 32.0±31.1 

FIGO stage 

0-II 50.0 % 50.0 % 0.0 % 100.0 % 0.0 % 0.0 % 50.0 % 50.0 % 0.0 % 

III-V 29.4 % 47.1 % 23.5 % 52.9 % 32.4 % 14.7 % 88.2 % 8.8 % 2.9 % 

VI-VII 19.0 % 52.4 % 28.6 % 28.6 % 52.4 % 19.0 % 66.7 % 28.6 % 4.8 % 
 

As a result of the analysis, it was found that carriers of the 397CC genotype had a significantly 
earlier (p<0.05) onset of the disease (34.5±7.1 years) as compared to the 397TC genotype (40.1±6.5 years). 
Carriers of the 397CC genotype also showed significantly larger dominant nodes (63.3±48.5 mm) as 
compared to the 397TT genotype (31.7±24.1 mm). Similar but not significantly differences were found for 
genotypes in the polymorphic A351G variant of the ESR1 gene. For the rest of the studied characteristics 
listed in table 2, no significant differences were found. 

The methylation status of the promoter region of the ESR1 gene was studied in 7 patients, among 
them – in 4 patients in the peripheral blood and in the biopsy material, and in 3 patients – only in the biopsy 
material (table 3). Heterozygous hypermethylation was detected in 4 patients in the biopsy material, in one 
of the patients hypermethylation was found only in the biopsy material. Heterozygous Met/UnMet variant 
was detected in different variants of genotype combinations – 397TT+351AA+T1/T1, 
397TC+351AA+T1/T1, 397TC+351AG+T1/Т1 as well as the unmethylated variant UnMet/UnMet – 
397TT+351AA+T1/T1, 397TC+351AA+T1/T1, 397CC+351GG+T1/T2. 

Table 3 
Methylation profile in the examined UL patients 

Patient 
Age 

(year) 
Samples 

ESR1 
(Met/UnMet) 

ESR1 
(T397C) 

ESR1 
(A351G) 

PGR 
(PROGINS) 

Patient 1 32 
biopsy material from uterine nodes Met/UnMet 397TC 351AG T1/T1 

venous blood Met/UnMet 397TC 351AG T1/T1 

Patient 2 32 biopsy material from uterine nodes Met/UnMet 397TC 351AG T1/T1 

Patient 3 35 biopsy material from uterine nodes UnMet/UnMet 397TC 351AA T1/T1 

Patient 4 35 biopsy material from uterine nodes UnMet/UnMet 397CC 351GG T1/T2 

Patient 5 38 
biopsy material from uterine nodes Met/UnMet 397TT 351AA T1/T1 

venous blood UnMet/UnMet 397TT 351AA T1/T1 

Patient 6 36 
biopsy material from uterine nodes Met/UnMet 397TC 351AA T1/T1 

venous blood Met/UnMet 397TC 351AA T1/T1 

Patient 7 39 
biopsy material from uterine nodes UnMet/UnMet 397TT 351AA T1/T1 

venous blood UnMet/UnMet 397TT 351AA T1/T1 
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For women with the heterozygous Met/UnMet variant, the presence of leiomatous nodules of large 
size (type 4) with a tendency to rapid growth is characteristic, in particular, in patients 1, 2 and 6, regardless 
of localization. Moreover, patient 1 had a history of uterine artery embolization without effect, whereas 
patient 5 had a recurrence of leiomyoma after hysteroresectoscopy (node type 2). Patients 2 and 5 had a 
history of treatment with modulators of progesterone receptors (Gynestril 50 mg per day for 3 months) also 
without effect. Patients 1 and 4 underwent preoperative preparation with gonadotropin-releasing hormone 
agonists (Diphereline, Zoladex for 3 months), which allowed for organ-sparing surgery. 

For women with unmethylated UnMet/UnMet variant, the presence of small nodes without a 
tendency to grow is characteristic. Thus, submucosal nodes (type 1) up to 2 cm in size were found in 
patients 3 and 4, in respect of which hysteroresectoscopy was performed as the method of choice for this 
localization of leiomatous nodes. Patient 7 had a single intramural node (type 4) of small size, which did 
not increase in size during the observation period (5 years). 

Thus, the presence of hypermethylation of the promoter region of the ESR1 gene is characterized 
by large leiomatous nodes with a tendency to rapid growth, recurrence and ineffectiveness of conservative 
therapy, which requires surgery. Meanwhile, in the unmethylated variant of the ESR1 gene 
(UnMet/UnMet), there are small nodes and their rapid growth is not observed, while the treatment tactic is 
determined by the localization of the nodes. 

The methylation status of ESR1 was determined during treatment, therefore, for these patients, it 
is impossible to establish its involvement in the risk of developing the disease. However, we found no 
hypermethylation of the promoter region of the ESR1 gene in women without UL. 

As one can observe from table 3, when examining 2 types of biological material in 4 patients with 
UL, we found that the study of peripheral blood was less informative. In 25 % of patients with UL, no 
hypermethylation of the promoter region of the gene was detected in the peripheral blood as opposed to 
the biopsy sample. In the examined women from the comparison group 1, the study was mostly conducted 
in the peripheral blood, therefore, it is important for further studies to collect biopsies for methylation in 
the comparison group. Meanwhile, the assessment of hypermethylation of the promoter region of the ESR1 
gene in patients with UL should be performed before treatment, preferably after the first diagnosis. 

As for the role of estrogen and estrogen receptors, estradiol has been traditionally considered a 
major stimulus for UL growth and development, and numerous studies in cell culture and animal models 
support this concept [9]. Unlike estrogen, the contribution of progesterone to the development of UL is not 
fully understood. Studies have shown that progesterone can both stimulate the growth of cultured myoma 
cells and inhibit it [12]. According to recent data, progesterone due to the activation of progesterone 
receptors may promote UL growth by increasing proliferation, cellular hypertrophy and degradation of the 
extracellular matrix [12]. Based on these data, it can be assumed that variants of the progesterone receptor 
gene, which lead to changes in its functional activity, may indirectly affect the risk of UL development and 
progression. 

The presence of Alu insertion in 306 bp in the G intron of the PGR gene reduces the stability of 
transcript and promotes the appearance of defective forms of progesterone receptors with altered properties, 
in particular, with reduced sensitivity to progesterone [10]. Meanwhile, progesterone receptors and 
progesterone, as mentioned above, play a key role in the development and growth of UL. However, in most 
studies on the impact of the PROGINS polymorphic variant of the PGR gene on the risk of developing UL, 
no relationship was found between them [5]. In this context, only a study conducted by Gomes M.T. et al. 
indicated the protective effect of the PROGINS variant of the PGR gene (in particular T1/T2+T2/T2 
genotypes) on the risk of developing UL [5]. The authors of this study suggested that a possible protective 
mechanism is associated with a minor action of progesterone on target genes. Our study confirmed the 
association of the T1/T2 genotype of the PGR gene with a reduced risk of developing UL. 

Thus, further research and analysis of the ESR1, PGR gene variants and determining the 
methylation of the promoter region of the ESR1 gene in patients with UL are promising and necessary to 
select the optimal strategy for personalized treatment. 

 

Conclusions 

1. The risk of developing uterine leiomyoma in women is associated with variants of the ESR1 
gene, and a significantly larger size of the dominant node and early onset of the disease were observed in 
patients with the 397CC genotype of the ESR1 gene. 

2. In the presence of the heterozygous T1/T2 gene variant of the PGR gene, the risk of developing 
uterine leiomyoma was significantly reduced, and in the presence of the T1/T1 gene variant, it significantly 
increased by almost 2.5 times. 
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3. The PGR gene variant modified the risk of developing uterine leiomyoma, and increased by 4 
times in women with a combination of 351AA genotypes of the ESR1 gene and T1/T1 of the  
PGR gene. 

4. Hypermethylation of the promoter region of the ESR1 gene is a risk factor in the development 
of uterine leiomyoma and is determined in patients with no effect when using standard treatments. 
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