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HEREDITARY RISK FACTORS FOR UTERINE LEIOMYOMA: A SEARCH FOR MARKER SNPS 

Uterine leiomyomas are a worrying reproductive health issue that has serious social implications. The aim of this study was to conduct a search for marker single 

nucleotide polymorphisms (SNPs) associated with uterine leiomyoma. To test the hypothesis about the contribution of genetic predisposition to the pathogenesis 

of myomas, the initial group of 100 patients with a verified diagnosis of uterine leiomyoma was divided into 2 subgroups: subgroup Ia (women with a family history 

of the disease) and subgroup 1b (women with no family history of the disease). The control group consisted of 30 postmenopausal patients who did not have 

a medical history of uterine fibroids and denied uterine fibroids in their close female relatives. DNA sequences were read using Sanger sequencing. Statistically 

significant differences (p < 0.05) were discovered between the analyzed groups in terms of genotype frequencies for rs12637801 and rs12457644. Also, previously 

unknown protective SNPs were identified whose rare alleles could predict the reduced risk of uterine leiomyomas.
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НАСЛЕДСТВЕННЫЕ ФАКТОРЫ РИСКА РАЗВИТИЯ МИОМЫ МАТКИ: 
ПОИСК МАРКЕРНЫХ ОДНОНУКЛЕОТИДНЫХ ПОЛИМОРФИЗМОВ 

Миома матки является одной из важнейших социально значимых проблем женского репродуктивного здоровья. Целью исследования было найти 

маркерные однонуклеотидные полиморфизмы (SNP), ассоциированные с развитием миомы матки. Для проверки гипотезы о том, что наследственность 

играет важную роль в патогенезе миом, группу из 100 пациенток с подтвержденным диагнозом миомы матки разделили на две подгруппы: подгруппу Iа 

с отягощенным семейным анамнезом, подгруппу Iб с неотягощенным семейным анамнезом по миоме матки. Группа сравнения была сформирована 

из 30 пациенток (женщины в постменопаузе, не имевшие в анамнезе миому матки, отрицавшие наличие миом у ближайших родственниц). Первичную 

нуклеотидную последовательность определяли с помощью секвенирования по методу Сэнгера. Были выявлены статистически значимые (p < 0,05) 

различия между исследованными группами по частотам генотипов по rs12637801 и rs12457644. Впервые обнаружены «протективные» SNP, редкие 

аллели которых могут служить маркерами пониженного риска развития лейомиом матки.
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Uterine leiomyomas (fibroids, leiomyomas)  are some of the 
most common benign neoplasms of the female reproductive 
system [1]. Its prevalence among women of reproductive age is 
as high as 40–50%; in one-third of patients, uterine leiomyomas 
manifest themselves in serious symptoms [1–4].  

That said, uterine leiomyomas are often asymptomatic, 
especially at the onset of the disease or in women with 
small or not too many nodules. However, some symptoms 
can have a huge negative impact on the patient’s quality of 
life. Patients often complain of pain accompanying fibroid 



28

ОРИГИНАЛЬНОЕ ИССЛЕДОВАНИЕ    МЕДИЦИНСКАЯ ГЕНЕТИКА

ВЕСТНИК РГМУ   1, 2020   VESTNIKRGMU.RU| |

growth; fatigue, weakness and absent-mindedness resulting 
from menometrorrhagia and chronic anemia; dyspareunia, 
psychological stress related to the symptoms, fear of possible 
medical interventions or reproductive dysfunction [5–8]. 

This gynecologic pathology is one of the causes underlying 
female infertility. Uterine leiomyomas are diagnosed in 23.5% 
of women seeking medical advice about primery or secondary 
infertility [9]. Worldwide, leiomyoma is associated with 10% 
of infertility cases in women and is the only cause of infertility 
in 1–3% of female patients. The contribution of leiomyoma to 
infertility is determined by the location of nodular growths [10]. 

The social implications of this disease cannot be 
overestimated. The modern woman is socially active, and the 
symptoms associated with leiomyoma can significantly reduce 
her quality of life, impair the ability to work, increase the number 
of hospital stays and therefore become a great financial burden 
for the state. 

There is an extensive body of literature on the search 
of factors that cause uterine leiomyomas, including genetic, 
hormonal and some others. But so far, no clear association 
between these factors and the pathogenesis of the disease 
has been established. According to the population studies 
focusing on the prevalence of uterine leiomyomas, genetic 
predisposition plays the key role in their development: in about 
5 to 10% of women, the disease is familial [1]. There are some 
publications pointing out that women of Afro-American descent 
are at increased risk for uterine leiomyomas, suggesting genetic 
differences between races in terms of risk for this pathology. 
Today, it is reported that about 70–80% of women aged 50 
have at least one uterine fibroid nodule and 15–30% of patients 
with myomas develop serious complications [11–14].

The search for leiomyoma-specific genetic markers has 
been going on for over 20 years now. Uterine myomas are 
monoclonal neoplasms arising from a single progenitor cell, 
and the advent of next-generation sequencing stimulated 
vigorous research into the somatic mutations found in myomas. 
Mutations in the MED12 gene have been shown to be the most 
common somatic mutations in uterine leiomyomas; the majority 
of them are single nucleotide polymorphisms in codons 43 and 
44 of exon 2 [15] and are found in 70% of uterine nodules. So 
far, this is the most important discovery about the pathogenesis 
of uterine leiomyomas as no other somatic mutations have 
been detected in the tumors carrying the mutant MED12 
gene. Besides, uterine leiomyomas with mutant MED12 are 
characterized by elevated RAD51B expression, which can 
stimulate cell proliferation and promote tumor growth [16–17].
The MED12 gene is located on the X chromosome and 
encodes a 250 kDa subunit of a big mediator protein complex 
participating in the regulation of RNA polymerase II transcription.

Subsequent research revealed that the most common 
somatic mutation in the MED12 gene is 131G>A. In total, 6 
SNPs were identified at 3 different positions in exon 2 of MED12: 
130G>A, 130G>С, 130G>Т, 131G>Т, 130G>Т, 131G>С (listed 
in the ascending frequency of occurrence) [18]. 

Although MED12 mutations are frequently found in 
human leiomyomas, their causes and mechanisms of action 
are still unknown. In a study by our research team published 
in 2006, somatic mutations in exon 2 of the MED12 gene 
occurred in 50% of uterine fibroid tissue samples collected 
from a population of Russian females [19–20]. Further 
search for genetic markers associated with the risk of 
uterine leiomyoma seems very promising. This approach is 
now used to study some types of cancer. A few SNPs have 
already been identified whose pathogenic alleles increase 
the risk of endometriosis [21]. 

Today, the search for uterine leiomyoma-specific genetic 
markers is being conducted globally. A meta-analysis study 
carried out in 2020 [22] showed a direct link between 9 SNPs 
and the risk for uterine leiomyoma at the genomic level of 
significance (p < 6.6 · 10–9): rs3820282 (1p36.12), rs124793436 
(2p25.1), rs2251795 (3q26.2), rs2242652 (5p15.33), rs75228775 
(10q24.33), rs2280543 (11p15.5), rs17033114 (12q23.2), 
rs7989971 (13q14.11) and rs12484776 (22q13.1) in a population of 
Japanese women. Some SNPs, including rs2251795, rs2242652, 
rs75228775, rs2280543, and rs7989971, had statistically 
significant effects in patients with multiple myomatous nodules 
in comparison with patients who had single nodules. Two 
SNPs (rs2251795 and rs75228775) were associated with the 
submucosal leiomyoma of the uterus, while rs2280543 on 
11p15.5 was linked to the intramural uterine leiomyoma. These 
associations emphasize the importance of further research in 
the field aimed at identifying the effects of different alleles on the 
pathogenesis of this widespread and yet understudied disease. 

The objective of the study was to find genetic markers, i.e. 
SNPs, specific to uterine leiomyoma. 

METHODS

Patients were recruited at the Department of Gynecologic 
Surgery (Kulakov Research Center for Obstetrics, Gynecology 
and Perinatology) and at the Gynecologic Department of 
Valuyki Central Hospital in 2018–2019. The study included 100 
patients with uterine leiomyoma who met the following criteria: 
reproductive age; uterine leiomyoma confirmed by clinical 
examination and functional diagnostic tests (the main group); 
indications for surgery. Patients with acute infections, grade 
III/IV adenomyosis, pelvic cancers and contraindications for 
surgery were excluded from the study. To test the hypothesis 
about genetic predisposition to uterine leiomyomas, we divided 
the main group consisting of 100 patients with confirmed 
uterine leiomyomas into 2 subgroups: subgroup Ia comprised 
53 patients aged 20–46 years with single or multiple fibroids 
and a family history of the disease (leiomyomas diagnosed in 
close maternal relatives, including the mother, grandmothers, 
sisters, or aunts); subgroup 1b included patients aged 19 to 
42 years with single or multiple fibroids and no family history of 
leiomyomas. The subgroups were formed upon history taking. 
The control group included 30 postmenopausal women who 
had no personal or family history of uterine leiomyomas.

Sampling

Fibroid tissue samples were collected during myomectomy or 
hysterectomy (the extent of surgery was determined by the 
number and size of the fibroids). The samples were placed in 
normal saline, shipped to the biobank and frozen at –70 °С for 
further storage. Each specimen was subjected to a 
histopathological examination to confirm that the excised mass 
was exclusively  a myomatous nodule and did not contain a 
pseudocapsule or myometrial tissue.     

DNA extraction

DNA was extracted using a QIAamp DNA Blood Mini Kit 
(Qiagen; USA) following the manufacturer’s protocol.

PCR

PCR was performed in a S1000тм thermocycler (BioRad; 
USA). The following protocol was applied: initial denaturation at 
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Table 1. Oligonucleotide primers for sequencing genome regions containing the analyzed polymorphisms 

ID Gene Nucleotide sequence 5'→3'

rs12637801 KCNMB2
s3: p-5'-CCA Tgg gCT ACA gTT TAC CA-3'

a4: p-5'-gTC CCT gTA AgA ATg CTT ggA C-3'

rs2861221 CELF4
s1: 5'-gCC CTC TgT gCT Cgg gAA -3'

a2: 5'-Tgg CCC AgC AgT gAT AAA gT -3'

rs3020434 ESR1
s1: 5'-TTg CgC TTT gCT gTT AAT gAA g -3'

a2: 5'-TgA CCC TAA TAC ACC TAg gAA AgT g -3'

rs11742635 FBN2
s1: 5'-ATC CAA ATA gTg AAA ACT Cag Tag gTA C -3'

a2: 5'-gTg gAg CAT CAg TTA TAg gAA ggC -3'

rs12457644 CELF4
s3: p-5'-TAC ggg CAg ACA ACg ggT-3'

a4: p-5'-AAg CCC TTg gTA TTC TAg CCT TAC-3'

94 °С for 2 min followed by 35 cycles of 94 °С for 60 s, primer 
annealing at 64 °С for 60 s and extension at 72 °С for 1.5 min; 
then, final extension at 72 °С min for 10 s (Table 1). Amplification 
efficacy was assessed by electrophoresis on 2% agarose gel 
stained with ethidium bromide. Imaging and documentation of 
electrophoresis results were done using a ChemiDoc XRS+ Gel 
Photo Documentation System (Bio-Rad; USA). 

Sequencing

DNA sequences were read using Sanger sequencing with 
a Big Dye® -terminator v. 1.1 kit (Applied Biosystems; USA). 
The obtained amplicons were analyzed in an ABI PRISM 
3130 Genetic Analyzer (Applied Biosystems; USA). Amplicon 
sequences were compared to the reference sequences for each 
rs. BioEdit (Tom Hall; USA) was used for sequence alignment. 

DNA precipitation in mild conditions

Purified PCR products were obtained by direct DNA 
precipitation in mild conditions suitable for removing primers 
and other components of PCR from the mixture. Instead 
of commercial kits, we used a NH

4
Ac + EtOH mix (the final 

concentrations of ammonium acetate and ethanol were 0.125 
M and 70%, respectively). Ammonium acetate combined with 
ethanol (50 µl) was added to each test tube containing a PCR 
amplicon, vortexed or stirred by turning the test tube upside 
down. Precipitation was carried out at room temperature for 
20 min; then the mixture was centrifuged at 13, 000 rpm for 
15 min, the supernatant was removed, the sediment was 
washed with 100 µl of 70% ethanol taken at room temperature 
and centrifuged again at 13, 000 rpm for 15 min. After that, 
the supernatant was removed and the resulting product was 
dried in a thermocycler or a vacuum centrifuge. Then, 20 µl of 
formamide were added to each test tube. 

Data processing in BioEdit

Based on the obtained sequence chromatograms, genotypes 
of 5 analyzed polymorphisms were identified using BioEdit 
sequence aligning software (Tom Hall; USA).

     
Statistical analysis

The following software was used for statistical analysis: 
Microsoft Excel 2013 (Microsoft; USA), SciPy libraries (SciPy 

1.4.1, Python Software Foundation; USA), and Pandas for 
Python 2.7 (pandas  1.0.1., Wes McKinney; USA). Distribution 
of quantitative variables was assessed with the Shapiro-Wilk W 
test. In the majority of cases, the distribution was non-normal, 
so nonparametric statistics were used for further analysis. 
The median (Me) was chosen to measure central trends 
for quantitative variables; the spread of data was assessed 
with upper (H) and lower (L) quartiles. Below, the results are 
presented as Me (L–H). To assess the significance of intergroup 
differences, the Mann-Whitney U test for independent groups 
was applied. Differences between the sets of categorical 
variables were tested using Pearson's chi-squared test (χ2) with 
the likelihood ratio. Conformance of genotype frequencies to 
the Hardy-Weinberg equilibrium was tested using the χ2 test. 
Differences were considered statistically significant at р < 0.05 
(the 95% significance level). In this article, odds ratios (OR) are 
provided with a 95%CI. 95%CI were calculated based on χ2 
distribution as described in Statistical Methods for Rates and 
Proportions [23]. To explore possible associations between the 
allele of interest and a phenotypic trait (the presence of uterine 
leiomyoma and a family history of the disease), genotype 
frequencies of the analyzed allele were compared in the groups 
of patients with and without this trait. If differences in the 
distribution of allele frequencies were significant, distribution 
of genotype frequencies was compared in the groups. We 
also tested the hypotheses about the autosomal dominant 
and autosomal recessive inheritance patterns for the analyzed 
trait by constructing 4x4 contingency tables. Two-sided 
Fisher’s test (F) was performed for each table if the number 
of observations for one cell was less than 5; alternatively, χ2 
was calculated. We also calculated the probability (OR) for the 
trait to appear in the corresponding genotype (homozygous 
genotypes with the autosomal recessive inheritance pattern 
and hetero/homozygous genotypes with the autosomal 
dominant inheritance pattern). The most probable inheritance 
type was inferred from the results of model comparisons: the 
model with the highest statistical significance of differences in 
genotype distribution was considered the best. 

 
RESULTS

The following loci were genotyped: KCNMB2 — rs12637801, 
CELF4 — rs2861221, ESR1 — rs3020434, FBN2 — 
rs11742635, CELF4 — rs12457644. These specific SNPs 
were chosen based on the results of the pilot study assisted by 
SNP array 6.0 technology (Thermofisher; USA) and conducted 
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Table 2. The list of candidate polymorphisms and genes in which they are located

ID Gene Mutations/SNPs Sequence Genomic coordinates (g.) according to HGVS

rs12637801 KCNMB2 C>A
GRCh37.p13 chr 3
GRCh38.p12 chr 3

NC_000003.11:g.178379500C>A
NC_000003.12:g.178661712C>A

rs2861221 CELF4 C>G
GRCh37.p13 chr 18
GRCh38.p12 chr 18

NC_000018.9:g.34940179  C>G
NC_000018.10:g.37360216 C>G

rs3020434 ESR1 C>T
GRCh37.p13 chr 6
GRCh38.p12 chr 6

NC_000006.11:g.152358940C>T
NC_000006.12:g.152037805C>T

rs11742635 FBN2 G>T
GRCh37.p13 chr 5
GRCh38.p12 chr 5

NC_000005.9:g.127788794G>T
NC_000005.10:g.128453101G>T

rs12457644 CELF4 G>A
RCh37.p13 chr 18

GRCh38.p12 chr 18
NC_000018.9:g.34944976 G>A
NC_000018.10:g.37365013G>A

in 20 patients with a family history of uterine leiomyomas and 
somatic mutations in the MED12 gene plus another 14 patients 
constituting the control group (postmenopausal women without 
a history of uterine leiomyomas). The frequencies of 906, 600 
SNPs were compared between the groups, and 6 candidate 
SNPs differing in the frequencies of allele and genotype 
distribution were selected for further genotyping of a larger 
sample made up of 100 patients with leiomyomas (Table 2).

We analyzed the associations between the presence of the 
disease/family history of the disease and the allele frequency 
distribution for a polymorphism of interest. The distribution of 
genotype frequencies conformed to the Hardy-Weinberg 
equilibrium for all studied polymorphisms. To explore the 
association of a given genotype with uterine leiomyoma, 
genotype distributions of the studied polymorphisms were 
compared between 3 groups of patients (Table 3, 4).

Comparison of the control group, which was smaller than 
the main group, and with group Ia (patients with a family 
history of uterine leiomyoma) revealed a statistically significant 
difference in the frequency of protective polymorphisms 
and alleles associated with the risk of uterine leiomyoma, 
suggesting that these polymorphisms can be used to predict 
uterine leiomyoma. Increased frequencies of minor alleles in 
the control group, as compared to the group of women with 
uterine leiomyomas, were detected with higher significance 
in the group of patients with a family history of the disease, 
which indicates the contribution of genetic component to the 
development of familial leiomyomas.

Statistical analysis of the data provided in Table 4 shows 
that the frequency of the common allele G of SNP rs11742635 
is significantly higher in the subgroup of women with no family 
history of the disease, which makes it a risk factor for uterine 
leiomyoma but does not establish an association between this 
allele and genetic predisposition to the disease. Perhaps, this 
allele is more associated with other factors contributing to the 
pathology. 

 
DISCUSSION

There is an ongoing search for genetic markers of gynecologic 
pathologies that have serious social implications; the search is 
aimed at creating panels for genetic diagnostic tests that can 
help to predict relapses, optimize treatment strategies and 
develop new drugs for this disease. 

Factors causing uterine leiomyoma have not been yet 
identified, although there is a plethora of literature on the 

epidemiology, genetics, hormonal aspects, and molecular 
biology of this nodular growth. This determines the importance 
of research into the pathogenesis of uterine leiomyomas.

Familial uterine leiomyomas and the associations between 
the prevalence/severity of the disease and the ethnicity of the 
patient were first shown in a study by American geneticists 
[24–25]. The researchers were able to discover genomic 
associations with the development of uterine leiomyoma after 
genotyping 261 female Caucasian members of the same family 
(first-degree relatives). Immunohistochemistry and genetic 
screening of this group of patients identified the risk allele 
predisposing them to uterine leiomyoma in the FASN gene 
coding for fatty acid synthase located on 17q25.3 [24–25].

In another whole-genome study, 457, 044 SNPs were 
analyzed in 1,607 women diagnosed with uterine leiomyoma 
and 1,428 controls [26]. SNPs with a significant association 
(р < 5·10–5) were additionally genotyped in 3,466 female 
patients with uterine leiomyomas and 3,245 women without 
a medical history of uterine leiomyomas. Throughout the 
genome, significant associations with uterine leiomyoma 
were detected in 3 chromosomal loci: 10q24.33, 22q13.1 
and 11p15.5. Combination analysis revealed that the 
most significant SNP in each of these loci were rs7913069 
(p = 8.65 · 10–14, OR = 1.47), rs12484776 (p = 2.79 · 10–12, 
OR = 1.23) and rs2280543 (p = 3.82 · 10–12, OR = 1.39), so 
further research into these SNPs could help to elucidate the 
causes of uterine leiomyoma. 

In a pilot study conducted in 2017–2018 and aimed at 
finding the genetic markers for leiomyomas, 906, 600 SNPs 
were genotyped. The study was conducted in patients with 
uterine leiomyomas and a family history of uterine leiomyomas 
in their maternal first-degree relatives; the control group 
included women without a history of uterine leiomyoma [27]. 
Genotyping identified 6 polymorphisms (rs3020434, rs11742635, 
rs124577644, rs12637801, rs2861221, rs17677069 in genes 
ESR1, FBN2, CELF4, KCWMB2) occurring with frequencies 
that were statistically different from other SNPs in both 
analyzed groups; the differences were more significant in 
the group of women with a family history of the disease, as 
compared to the controls. Subsequent research focused on 
the 6 identified polymorphisms that might be associated with 
uterine leiomyoma. No rare alleles of rs3020434, rs11742635, 
rs2861221, and rs17677069 were detected in patients with a 
family history of the disease [27].  

Summing up, we have genotyped 5 SNPs (rs12637801, 
rs2861221, rs3020434, rs11742635, rs12457644) in the 
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ID
Allele 

variant

Frequency, % Fisher’s F OR

Control 
group,
n = 30

Subgroup Ib  
(women with no 
family history of 

the disease),
n = 47

Main group (women 
with uterine 

leiomyomas),
n = 100

Subgroup Ib  
(women with no 
family history of 

the disease)

Main group 
(women 

with uterine 
leiomyomas)

Subgroup Ib  
(women with no 
family history of 

the disease)

Main group 
(women 

with uterine 
leiomyomas)

KCNMB2
rs12637801

АА 0.00 0.02 0.02

0.35 0.09 1.54 2.01АС 0.47 0.34 0.28

СС 0.53 0.64 0.70

CELF4
rs2861221

СС 0.60 0.60 0.66

0.30 0.32 1.64 0.48CG 0.30 0.36 0.29

GG 0.10 0.04 0.05

ESR1
rs3020434

СС 0.43 0.53 0.58

0.40 0.17 2.83 1.77СТ 0.50 0.38 0.35

ТТ 0.07 0.09 0.07

FBN2
rs11742635

GG 0.57 0.79 0.73

0.04 0.09 2.83 2.04GT 0.37 0.19 0.25

TT 0.06 0.02 0.02

CELF4
rs12457644

АА 0.13 0.79 0.05

0.15 0.09 0.29 2.01АG 0.33 0.19 0.25

GG 0.53 0.02 0.70

Table 4. Allele frequency distribution for the studied polymorphisms in the control group, subgroup 1b (women with no family history of the disease) and the main 
group of patients with uterine leiomyomas

Table 3. Allele frequency distribution for the studied polymorphisms in the control group, subgroup Ia (women with a family history of the disease) and the main group 
(women with uterine leiomyomas)

ID
Allele 

variant

Frequency, % Fisher’s F OR

Controls,
n = 30

Subgroup Iа (women 
with a history 

of the disease)
n = 53

Main group (women 
with uterine 
leiomyomas)

n = 100

Subgroup Ia 
(women with a 
history of the 

disease)

Main group 
(women with 
leiomyomas)

Subgroup  Ia 
(women with a 
history of the 

disease)

Main group 
(women 

with uterine 
leiomyomas)

KCNMB2
rs12637801

АА 0.00 0.02 0.02

0.04 0.09 2.63 2.01АС 0.47 0.23 0.28

СС 0.53 0.75 0.70

CELF4
rs2861221

СС 0.60 0.71 0.66

0.30 0.32 1.64 0.48CG 0.30 0.23 0.29

GG 0.10 0.06 0.05

ESR1
rs3020434

СС 0.43 0.61 0.58

0.11 0.17 2.09 1.77СТ 0.50 0.33 0.35

ТТ 0.07 0.06 0.07

FBN2
rs11742635

GG 0.57 0.67 0.73

0.27 0.09 0.27 2.04GT 0.37 0.31 0.25

TT 0.06 0.02 0.02

CELF4
rs12457644

АА 0.13 0.06 0.05

0.04 0.09 2.63 2.01АG 0.33 0.19 0.25

GG 0.53 0.75 0.70

samples of patients with a family history of uterine leiomyoma 
(close maternal relatives, including the mother, grandmothers, 
sisters and aunts), who constituted subgroup Ia, patients 
without a history of uterine leiomyomas, who formed subgroup 
Ib, and patients from the control group without a history of 
uterine leiomyoma. The obtained results demonstrate that 
genotype frequency of allele C of KCWMB2 (rs12637801) is 
significantly higher in the group of patients with the familial 
disease in comparison with the controls (87% vs 77%; 
р = 0.04; OR = 2.63) and the genotype frequency of allele 
G of СELF4 (rs124577644) is also significantly higher in the 
subgroup of patients with the familial disease in comparison 
with the controls (85% vs 0.70%, р = 0.04, OR = 2.63). These 

alleles might be associated with increased risk of uterine 
leiomyoma and be a result of genetic predisposition to this 
pathologic condition. 

 
CONCLUSIONS

We have established an association between SNPs rs12637801, 
rs2861221, rs3020434, rs11742635, rs12457644 and the 
presence of uterine leiomyomas in the medical history of 
the patient’s family. We have also assessed the relationship 
between the risk of this disease and the genotype of the 
analyzed polymorphisms. Perhaps, our strategy of studying 
gene polymorphisms could help to explain the causes 
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underlying familial uterine leiomyomas, as well as to create a 
genetic diagnostic panel for predicting the risk of this condition. 
Further research will be focused on the genotyping of patients 

with a family history of uterine  leiomyomas in order to confirm 
the associations between the disease and the identified genetic 
markers. 
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