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ABSTRACT

INTRODUCTION: The WHO reported a 30% frequency of female infertility, which does not tend to decrease. Concurrently, 
the uterine factor occupies one of the most important places in infertility structure, reaching 50%. Improvement of assisted 
reproductive technology methods can successfully overcome many causes of infertility, but the possibilities of the method are 
limited in the uterine factor of infertility.

AIM: To assess the presence of nucleotide polymorphisms of the TP53 signaling pathway genes (LIF rs41281637, c.256G>A; 
LIF rs929271, n.397-2854T>G; MDM2 rs2279744, c.14+309T>G; MDM4 rs1563828, c.558+572A>G; TP53 rs1042522, c.215C>G) 
in the endometrium in patients with primary and secondary infertility.

MATERIALS AND METHODS: In 2018–2021, the V.F. Snegirev Clinic of Obstetrics and Gynecology examined and treated 
54 patients aged 26 to 48 years with primary or secondary infertility, including a genetic endometrial sample examination. The 
first group consisted of 28 patients with primary infertility aged 26 to 42 years. The 2nd group included 26 patients aged 29 to 
48 years with secondary infertility.

RESULTS: The study evaluated the expression of nucleotide polymorphisms of the TP53 signaling pathway genes in pa-
tients with primary and secondary infertility. Study results, data were obtained indicating various variants of nucleotide poly-
morphisms LIF, MDM2, MDM4, and TP53 in primary and secondary infertility, as well as the identity of a marker, such as 
LIF rs41281637 (G/A) in patients of both groups.

CONCLUSION: The experimental data obtained indicate an important contribution of genetic polymorphisms in the genes of 
the TP53, LIF and MDM4 signaling pathway to the development of primary and MDM2 — secondary infertility in women.
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АННОТАЦИЯ

Введение. По данным ВОЗ, частота женского бесплодия может достигать 30% и не имеет тенденции к снижению. 
При этом маточный фактор занимает одно из важнейших мест в структуре бесплодия, достигая 50%. Совершенство-
вание методов вспомогательных репродуктивных технологий позволяет успешно преодолеть многие причины беспло-
дия, но в отношении маточного фактора бесплодия возможности метода ограничены.

Целью данной работы стала оценка наличия нуклеотидных полиморфизмов генов сигнального пути TP53 (LIF 
rs41281637, c.256G>A; LIF rs929271, n.397-2854T>G; MDM2 rs2279744, c.14+309T>G; MDM4 rs1563828, c.558+572A>G; 
TP53 rs1042522, c.215C>G) в эндометрии у пациенток с первичным и вторичным бесплодием.

Материалы и методы. В Клинике акушерства и гинекологии им. В.Ф. Снегирёвa в 2018–2021 гг. проведено обсле-
дование и лечение 54 пациенток в возрaсте от 26 до 48 лет c первичным или вторичным бесплодием, включающее 
генетическое исследование образцов эндометрия. Первую группу составили 28 пациенток с первичным бесплодием 
в возрасте от 26 до 42 лет. Во 2-ю группу вошли 26 пациенток в возрасте от 29 до 48 лет со вторичным бесплодием.

Результаты и обсуждение. В работе оценена экспрессия нуклеотидных полиморфизмов генов сигнального пути 
TP53 у пациенток с первичным и вторичным бесплодием. В результате исследования получены данные, свидетель-
ствующие о различных вариантах нуклеотидных полиморфизмов LIF, MDM2, MDM4, TP53 при первичном и вторичном 
бесплодии, а также об идентичности такого маркера, как LIF rs41281637 (G/A) у пациенток обеих групп.

Заключение. Полученные экспериментальные данные свидетельствуют о важном вкладе генетических полимор-
физмов в генах сигнального пути TP53, LIF и MDM4 в развитие первичного, а MDM2 — вторичного бесплодия у жен-
щин. 

Ключевые слова: бесплодие; рецептивность эндометрия; полиморфизм генов.
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INTRODUCTION
According to WHO, the incidence of female infertility has 

reached 30% and is continuously increasing. Uterine factor is 
one of the most important aspects in the infertility structure 
and accounts for 50%. The influence of obesity on the imple-
mentation of reproductive function has recently grown [1, 2]. 
Excess free fatty acids can be toxic to reproductive tissues, 
leading to cell damage and chronic or mild inflammation. 
Various markers, including C-reactive protein, interleukin-6, 
tumor necrosis factor alpha, and plasminogen activator in-
hibitor 1, have a detrimental effect on the reproductive cycle 
of obese patients [3].

The combination of various infertility factors and the am-
biguous interpretation of examination results lead to difficul-
ties in diagnosing the major causes of infertility. Even after 
complete clinical and laboratory examination, the cause of 
infertility remains unidentified, and the couple is considered 
healthy. In the diagnosis of infertility of unknown origin, the 
further management of an infertile couple presents signi ficant 
difficulties because of the lack of single algorithm of action for 
this situation. Expectant management or assisted reproductive 
technology (ART) can be offered to the couple. Additional me-
thods for assessing the endometrium state could also facilitate 
the prediction of reproductive success in a female patient.

Although the improved ART methods have successfully 
addressed many infertility causes, the possibilities of these 
techniques are limited in relation to the uterine factor of in-
fertility [4–7].

One of the key points for a successful pregnancy is em-
bryo implantation, which largely depends on the quality of 
the embryo itself and the morphofunctional state of the en-
dometrium. The markers of endometrial receptivity include 
the morphological changes in the endometrium, expression 
of certain immunohistochemical markers, blood plasma level 
of progesterone, and state of pinopods at a certain time to 
form a full-fledged “implantation window” [8].

Leukemia inhibitory factor (LIF) plays a key role in the 
preparation of endometrium for implantation and the sub-
sequent development of the embryo [9, 10]. LIF belongs to 
the interleukin-6 family of pro-inflammatory cytokines and 
binds to its individual receptor (LIF-R) on the cell surface to 
form the glycoprotein 130 (gp130) complex. Different from 
other cytokines of the same family, the largest amount of 
LIF is secreted precisely when the blastocyst has attached 
to the endometrium, i.e., in the “implantation window,” to 
provide the expression of adhesion molecules necessary for 
the subsequent fixation of blastocyst. When LIF production by 
the endometrium is insufficient, the implantation of blasto-
cyst does not occur. In the endometrium of healthy women, 
the TP53 signaling pathway genes are expressed throughout 
the entire menstrual cycle, and the peak of expression falls 
on the “implantation window.” Meanwhile, the endometrium 
of infertile women expresses significantly less LIF during the 
implantation period [11].

This work aimed to assess the nucleotide polymor-
phisms of the TP53 signaling pathway genes, namely, 
LIF rs41281637 (c.256G>A), LIF rs929271 (n.397–2854T>G), 
MDM2 rs2279744 (c.14+309T>G), MDM4 rs1563828 
(c.558+572A>G), and TP53 rs1042522 (c.215C>G) in the  
endometrium of patients with primary and secondary infer-
tility.

MATERIALS AND METHODS
From 2018 to 2021, 54 female patients aged 26–48 years 

(mean age of 35.0±4.2 years) with complaints of the absence 
of pregnancy with regular sexual activity without contracep-
tion and signs of intrauterine pathology at the time of treat-
ment were examined and treated in the V.F. Snegirev Clinic of 
Obstetrics and Gynecology, Moscow, Russia. All the patients 
were admitted to the gynecology department for surgical 
treatment.

Group 1 consisted of 28 patients aged 26–42 years (mean 
age 32.8 years) with primary infertility. Group 2 included 
26 patients aged 29–48 years (mean age 37.1±4.4 years) 
with secondary infertility.

Kolmogorov–Smirnov analysis of the anamnesis data of 
both groups showed that their age and anthropometric data 
obeyed the normal distribution law (p >0.05). Owing to the 
small sample size for each group, nonparametric calculation 
methods were used.

Mann–Whitney test did not reveal statistically significant 
differences in age and menstrual function (age of menarche, 
duration of the menstrual cycle, and duration of menstrua-
tion) between the two groups. The main indicator with sta-
tistically significant difference was BMI above 25 kg/m2, and 
the number of patients with such BMI was higher in group 2 
than in group 1 (Table 1).

Most of the patients in group 1 (with primary infertility) 
were admitted to the clinic with a diagnosis of endometrial 
polyp, and those in group 2 were diagnosed with hyperpla-
sia and endometrial polyp, intrauterine synechia, and chronic 
endometritis.

Prior to surgical treatment, all the patients underwent 
clinical and laboratory examination as part of treatment 
preparation in accordance with the Order of the Ministry of 
Health of October 20, 2020 No. 1130n “On Approval of the 
Procedure for Providing Medical Care in Obstetrics and Gy-
necology”. Special research methods included the ultrasound 
(US) examination of the pelvic organs with dopplerometry, 
office hysteroscopy, and hysterosalpingography according 
to indications. The US of the pelvic organs was performed 
on day 5–7 of the menstrual cycle and included the assess-
ment of the size of the uterus, the thickness and structure 
of the endometrium, the size and structure of the ovaries, 
and the structure of the myometrium. Close attention was 
paid to the assessment of the median uterine echo (M-echo), 
which is the reflection from the endometrium and the walls 
of the uterine cavity. The procedure was performed on an 
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US machine with convex transabdominal and transvaginal 
sensors at a frequency of 4.5–8 MHz.

According to their pathology, the female patients un-
derwent surgical treatment in the following volumes: hys-
teroscopy, separate diagnostic curettage; hysteroscopy, laser 
poly pectomy; hysteroscopy, destruction of intrauterine syne-
chia, followed by endometrial biopsy for histological exa mi-
nation and genomic DNA isolation.

Histological examination of tissues. Endometrial sam-
ples obtained during the surgery were studied in the patho-
morphology laboratory of the I.M. Sechenov First Moscow 
State Medical University. Endocervix tissues were fixed in 
formalin alcohol, buffered 10% neutral formalin, processed 
using the kit for tissue histological processing manufactured 
by Pool Scientific Instruments (Switzerland), and embedded 
in paraffin. The total time of material fixation, processing, 
and paraffin embedding did not exceed 24 hours. For mor-
phological study, at least 10 stepped sections were obtained 
from each block. Deparaffinized sections of 5 μm thickness 
were stained with hematoxylin and eosin and picrofuchsin 
according to the method of Van Gieson. The hyperplastically 
altered endocervix was assessed in accordance with WHO 
classification.

Isolation of genomic DNA. The endometrial tissues were 
applied as biological material for genomic DNA isolation 
 using a spin column diaGene (Dia-m, RF), a kit that can 
isolate DNA from a wide range of biological samples. The 
purity of the isolated DNA was tested on a NanoDrop OneC 
spectrophotometer with the A260/280 ratio ranging from 1.8 
to 1.91 and the A260/230 ratio ranging from 1.62 to 2.28. 

DNA concentration was measured using a dsDNA BR kit 
on a Qubit Flex fluorimeter. The concentration ranged from  
15 ng/µL to 300 ng/µL. The concentration of all DNA samples 
was adjusted to 2 ng/µL.

DNA genotyping in the region of the studied polymor-
phic markers was performed using the Sanger sequencing 
me thod. Primer design was obtained from Primer-Blast  
(https://www.ncbi.nlm.nih.gov/tools/primer-blast/).

Sequencing. BigDye Terminator v3.1 Cycle Sequencing 
Kit was used for the sequencing reaction on a 3500 genetic 
analyzer (Thermo FS).

Statistical analysis. Fisher’s exact two-sided test and chi-
square test were used to calculate the statistical significance 
of the difference in the incidence. Statistical calculations were 
performed according to the dominant model (identification of 
the risk allele) and the recessive model (identification of the 
risk genotype). For the groups with significant differences, 
odds ratio (OR), 95% confidence interval, and statistical sig-
nificance p were calculated. For the convenience of calcu-
lating the difference, the patients were grouped according 
to their polymorphism, namely, the group of female patients 
with primary infertility and the group of female patients with 
secondary infertility. Statistical analysis was performed using 
the SNPStats software.

This study was approved by the Local Ethics Committee 
of the I.M. Sechenov First Moscow State Medical University 
(minutes No. 01-18 dated January 17, 2018). All the patients 
signed informed consent to participate in the study and pub-
lish their medical data.

RESULTS AND DISCUSSION
Clinical and anamnestic evaluation revealed the absence 

of statistically significant differences in menstrual and re-
productive function (age of menarche, duration of menstrua-
tion, and duration of the entire menstrual cycle) between the 
two groups. Overweight and obesity were more common in 
group 2 (11 people) than in group 1 (6 people). Most of the 
patients with primary infertility were admitted to the clinic 
with a diagnosis of endometrial polyp, and those with se-
condary infertility were admitted to the clinic with a diag-
nosis of endometrial hyperplasia and/or polyp, intrauterine 
synechia, and chronic endometritis (Table 2).

After the intervention, the patients stayed in the hospital 
for 1–2 bed-days and were then discharged in a satisfactory 
condition to continue the prescribed therapy on an outpatient 
basis.

A complex anti-inflammatory, angioprotective, and anti-
hypoxic therapy was prescribed to all the patients in the post-
operative period. In case of certain indications, antibacterial 
and hormonal therapy was also prescribed.

Histological examination confirmed the diagnosis of en-
dometrial polyp in all patients. No pathology of the endo-
metrium was found in three patients with primary infertility 
and seven patients with secondary infertility. This finding 

Table 1. Clinical and anamnestic characteristics of patients

Analyzed indicator
Group 1,
primary 

infertility
(n=28)

Group 2,
secondary 
infertility

(n=26)

Age of menarche, years 13.3±1.6 12.7±1.4

Menstrual cycle, days 26–35 27–35

Duration of menstruation, days 4–6 3–6

Body mass index up to 25 kg/m2 22 15

Body mass index > 25 kg/m2 6 11

Endometrial polyp 16 10

Endometrial hyperplasia 6 8

Uterine fibroids 6 5

Endometriosis 4 3

Chronic salpingo-oophoritis 5 0

Intrauterine synechia, chronic 
endometritis

2 11

History of IVF* attempts 6 8

*In vitro fertilization.
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corresponded to the phase of the menstrual cycle and may 
indirectly indicate the dysfunction of the endometrium with a 
normal histological structure.

Endometrium receptivity is the ability of the endometrium 
to accept the invading blastocyst. The transfer of an embryo 
without genetic abnormalities after preimplantation genetic 
screening does not result in pregnancy in many cases, and 
this phenomenon may indicate a uterine factor of infertility 
due to impaired endometrial receptivity [12].

Genetic markers, particularly the genes of the TP53 sig-
naling pathway, can play a certain role in the readiness of 
endometrium for blastocyst implantation [13].

A genetic study was conducted on the endometrial sam-
ples from the patients in both groups (Table 3).

Analysis of genetic polymorphic variants showed the 
statistically significant association of primary infertility 
with two genetic variants, namely, rs929271 in the LIF gene  
(a homozygous genotype for the minor allele G/G  
[OR=7.76; p=0.0047]) and rs1563828 in the MDM4 gene (a 
homozygous genotype for the minor allele G/G [OR=5.75; 
p=0.0083]).

The gene for LIF, which plays a key role in implantation, 
is the target gene for the p53 protein. The p53 protein regu-
lates basal and inducible LIF transcription by directly binding 
to specific DNA sequences and activating transcription. The 
variant G of rs929271 polymorphism in the 3ʹUTR of the LIF 
gene is associated with impaired blastocyst implantation. The 
occurrence of the G allele is high in women with idiopathic 
infertility under the age of 35 years but not older [14]. These 
data were confirmed in the present study i.e., the minor al-
lele G/G LIF rs41281637 (G/A) was detected in the endome-
trial samples from all 54 women with infertility.

The MDM4 gene encodes a nuclear protein containing a 
p53-binding domain at its N-terminus and a RING finger do-
main at its C-terminus. The MDM4 protein shows structural 
similarity to the p53 binding protein MDM2, and both proteins 
bind to p53 (tumor suppressor protein) and inhibit its activity. 
Both genes (MDM4 and MDM2) are overexpressed in vari-
ous human malignant tumors. Different from MDM2, which 
degrades p53, the MDM4 protein inhibits p53 by bin ding to 
its transcriptional activation domain. MDM4 also interacts 
with MDM2 through the RING finger domain and inhibits 
the degradation of the latter [15]. Thus, MDM4 can disrupt 

MDM2-induced degradation of p53, but retain the suppres-
sion of p53-induced transactivation and apoptotic functions. 
Transcriptional variants resulting from the alternative spli-
cing of this gene encode several forms of the MDM4 protein.

The presence of the A allele in the rs1563828 polymor-
phism of the MDM4 gene increases the expression of the 
p53 suppressor protein encoded by this gene. In turn, p53 
inhibition decreases the amount of LIF and the probability of 
implantation [16].

The present results indicated that for MDM2 gene poly-
morphism, the T/G variant was associated with primary in-
fertility and the T/T variant was associated with secondary 

Table 2. Results of histological examination of endometrial tissues

Histological conclusion Group 1,
primary infertility (n=28)

Group 2,
secondary infertility (n=26)

Glandular-fibrous polyp 11 10

Glandular polyp 9 5

Endometrial hyperplasia without atypia 3 2

Proliferation phase endometrium 3 7

Histological signs of chronic endometritis, fibrous tissue (synechia) 2 2

Table 3. Results of genetic analysis of endometrial samples

Nucleotide gene 
polymorphisms

Group 1 
primary  

infertility
(n=28)

Group 2,
secondary 
infertility

(n=26)

LIF rs41281637 (G/A)

G/G 28 26

LIF rs9292271 (T/G)

T/T 10 15

T/G 5 9

G/G 11 2

MDM2 rs2279744 (T/G)

T/T 7 14

T/G 16 11

G/G 3 1

MDM4 rs1563828 (A/G)

A/A 6 14

A/G 9 9

G/G 11 3

TP53 rs1042522 (G/C)

G/G 14 8

G/C 9 13

C/C 3 5
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infertility. For the MDM4 gene polymorphism, the G/G variant 
was associated with primary infertility and the A/A variant 
was associated with secondary infertility.

Analysis of the TP53 gene polymorphism revealed that 
the G/G allele was associated with primary infertility and 
the G/C allele was associated with secondary infertility.

The obtained experimental data confirmed the findings in 
literature and indicated the important contribution of genetic 
polymorphisms in TP53, LIF, and MDM4 signaling pathway 
genes to the development of primary infertility and in MDM2 
genes to the development of secondary infertility in women 
[17–20].

CONCLUSION
This study evaluated the expression of nucleo-

tide polymorphisms of the TP53 signaling pathway 
genes in patients with primary and secondary inferti-
lity. Results indicated the different variants of nucleotide 

polymorphisms LIF rs41281637 (c.256G>A), LIF rs929271 
(n.397–2854T>G), MDM2 rs2279744 (c.14+309T>G), and 
MDM4 rs1563828 (c.558+572A>G), TP53 rs1042522 
(c.215C>G) detected in primary and secondary infertility. The 
detection of LIF rs41281637 was identical in the patients of 
both groups.
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