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Abstract—The associations of single nucleotide polymorphisms of the LHCGR gene with the formation of
endometrial hyperplasia in the Russian population were studied. Genotyping of four loci of the LHCGR gene
(rs4953616, rs4374421, rs6729809, rs7579411) was performed in 520 patients with endometrial hyperplasia
(EH) and 981 women of the control group. A significant contribution to the susceptibility to endometrial
hyperplasia of the rs7579411 polymorphism of the LHCGR gene has been established. The genotype C/C
rs7579411 of the LHCGR gene is risky for EH (OR = 1.26, p = 0.05), whereas the allelic variant T rs7579411
of the LHCGR gene is a protective factor for EH (OR = 0.79, pperm = 0.05). The rs7579411 locus of the
LHCGR gene has significant epigenetic effects (located in DNA regions marking regulatory sequences
(enhancers)) and is associated with the expression of the STON1-GTF2A1L gene in organs and tissues (thy-
roid gland, peripheral blood) involved in the pathophysiology of the disease. At the same time, the allele T
rs7579411 of the LHCGR gene is associated with low transcriptional activity of the STON1-GTF2A1L gene
(β = –0.25).
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INTRODUCTION

Hyperplastic processes of the endometrium (HE)
are characterized by pathologically altered prolifera-
tion (focal or diffuse) of various components of the
mucous layer of the uterus (glandular/stromal) with a
predominant lesion of the glandular structural ele-
ments [1, 2]. The prevalence of HE among different
groups of the female population varies widely, and the
share of this disease in the structure of gynecological
pathology can reach 50% [3, 4]. It is believed that HE
without atypia is more often detected in women aged
50 to 54 years, while hyperplasia with atypia is most
common in the age group of 60–64 years, while in
women under the age of 30 the disease is recorded
quite rarely [5, 6]. According to the published data,
HE (especially with elements of atypia) is a predispos-
ing factor in the occurrence of endometrial cancer,
and an increased risk of malignant transformation is
observed in women with endometrial hyperplastic
processes aged ≤39 and ≥50 years [7]. There are pub-
lished data that about 40% of young women with HE
undergo surgery, which as a result can cause various
reproductive disorders [8].

Among the risk factors for HE, a significant role is
given to estrogen-progesterone imbalance, early men-
arche and late menopause, insulin resistance, inflam-
mation, the presence of comorbid diseases (obesity,

diabetes mellitus, hypertension, benign diseases of the
pelvic organs), genetic factors, etc. [1, 3, 4, 6, 7, 9–
11]. It is important to note that, despite the obvious
importance of hereditary factors in the formation of
HE [1], the number of genetic studies of this disease
not only in our country but throughout the world is
very limited [2, 3, 12]; these works are fragmentary,
and the results obtained are ambiguous, which deter-
mines the relevance of continuing molecular genetic
studies of HE.

The purpose of this study is to evaluate associative
links of single nucleotide polymorphism of gene
LHCGR with HE.

MATERIALS AND METHODS
The work was carried out on a sample of 520 patients

with HE and 981 women in the control group formed
in the Regional Clinical Hospital (Department of Gyne-
cology) under the supervision of the Ethics Commis-
sion of the National Research University Belgorod
State University. Diagnosis of HE was carried out by
certified gynecologists (hysteroscopy was performed
with endometrial biopsy and its subsequent morpho-
logical examination). The presence of simple HE
without atypia was the basis for inclusion in the group
of patients. The control group included women with-
out clinical and ultrasound signs of HE (examined
1129
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during preventive examinations) [2]. The age charac-
teristics of patients and controls were comparable
(41.78 and 40.73 years, respectively, p > 0.05). The
study group included Russian women born and living
in the Central Chernozem region of the Russian Fed-
eration [13, 14] who previously agreed to participate in
the study.

For genetic studies, we used DNA isolated from
blood samples by the conventional (phenol/chloro-
form) method [15]. Four polymorphic variants of the
gene LHCGR were selected for genotyping (rs4953616,
rs4374421, rs6729809, rs7579411), which are regula-
tory [16, 17]: according to the bioinformatic database
HaploReg [18], these loci are characterized by a sig-
nificant regulatory potential. Genotyping of the stud-
ied polymorphic loci was performed by PCR
(TaqMan probe method) [19].

For a comparative assessment of the frequencies of
alleles and genotypes between patients with HE and
the control group, the χ2 criterion was used (the Yates
correction for continuity was applied) [20]. The calcu-
lations were carried out in the STATISTICA software
program using 2 × 2 contingency tables. To assess the
associative links of single nucleotide polymorphisms
(including their haplotypes) with HE, the OR (odds
ratio) and 95%CI (95% confidence interval for OR)
indicators generally accepted in genetic and epidemi-
ological studies were used [21]. The OR and 95%CI
values were obtained by the logistic regression method
[22] implemented in the gPLINK program [23]. Three
genetic models (additive, recessive, dominant) were
used in the calculations [24, 25]. Linkage disequilib-
rium between analyzed variants of gene LHCGR was
estimated on the basis of Lewontin’s D' coefficients
and Pearson’s r2 correlation. The block structure was
identified using “confidence intervals” at a given level
r2 > 0.2 and D' > 0.8 in the gPLINK program. Correc-
tion for multiple comparisons was carried out by per-
mutational procedures [26] with the calculation of the
indicator pperm (the value of pperm < 0.05 was taken as
statistically significant [27]).

To assess the functional effects of polymorphic
variants of the gene LHCGR associated with HE, pub-
lic bioinformatic resources were used [28, 29]: HaploReg
(studied epigenetic effects) [18] and GTExportal (studied
association with gene transcription) [28], and previously
published techniques were used [2, 30, 31].

RESULTS AND DISCUSSION
HWE conformity was revealed for all considered

loci of gene LHCGR both in the patients with HE and
in the control (data are presented in Table 1); the Bon-
ferroni correction for the number of analyzed loci pbonf >
0.0125 (0.05/4) was used.

The data obtained in the work (Table 1) indicate
the relationship of rs7579411 of gene LHCGR with HE.
Genotype C/C rs7579411 has a “risk” value for HE
RUSSI
(OR = 1.26, 95%CI = 1.00–1.59, p = 0.05). According
to regression analysis, the minor allele T rs7579411
exhibits a protective effect during the formation of the
disease within the framework of the dominant genetic
model (OR = 0.79, 95%CI = 0.63–0.99, p = 0.05,
pperm = 0.05). Significant differences in the frequencies
of haplotypes within the identified haploblock
rs757941/rs6729809/rs4953616 (the haploblock selec-
tion parameters r2 > 0.2, D' > 0.8) were not found in
the patients with HE or in the control (Table 2).

According to the bioinformatic resource HaploReg,
the localization of rs7579411 of gene LHCGR has been
established in the region of DNA associated with his-
tone proteins (H3K4me1) marking the regulatory
sequences of the genome (enhancers) in the culture of
neuronal progenitor cells, adipocyte-derived cells, and
primary osteoblast cells, as well as in the DNA region
interacting with H3K27ac-type histone proteins
marking functionally active enhancer sites in a cul-
tured mesoderm cell culture.

At in silico estimation of the association of the
rs7579411 variant with the level of transcriptional
activity of genes in the body carried out using the
GTExportal bioinformatic resource, the association of
this single nucleotide polymorphism with expression
of gene STON1-GTF2A1L (Gene ID: 286749) was
established in the thyroid gland (p = 0.0000031, FDR ≤
0.05). However, the allele T of this variant (in compar-
ison with its alternative variant C) determines lower
values of the level of expressive activity of gene
STON1-GTF2A1L, as evidenced by the negative value
of the regression index for this allele (β = –0.25). At
the same time, according to the data presented in
HaploReg, rs7579411 of the gene LHCGR is associated
with the transcriptional activity of the gene STON1-
GTF2A1L in peripheral blood (p = 0.00064).

Thus, the data obtained in this work on the func-
tional effects of the polymorphic locus rs7579411 of
the gene LHCGR, which determines susceptibility to
endometrial hyperplasia, indicate its important epi-
genetic significance (associated with regulatory
sequences of DNA enhancers) and the effect on
expression of gene STON1-GTF2A1L in the thyroid
gland and peripheral blood (allele T rs7579411 “pro-
tective” for HE determines the low level of transcrip-
tion).

According to the genetic database GeneCards [32],
the gene LHCGR is protein-coding and controls the
synthesis of receptors for luteinizing hormone
(LH)/human chorionic gonadotropin (CG). It should
be noted that LH is one of the “key” hormones of the
female body that controls the “work” of her reproduc-
tive system. Through interaction with these receptors,
LH affects the formation of estrogens/androgens in
the ovarian follicles, is an ovulation inducer, is
involved in the formation of the corpus luteum due to
luteinization of granulosa cells, and affects the synthe-
sis of progesterone and other steroid hormones by the
AN JOURNAL OF GENETICS  Vol. 58  No. 9  2022
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Table 1. Comparative analysis of allele and genotype frequencies of polymorphic loci of gene LHCGR in patients with endo-
metrial hyperplasia and in the control group

OR is the odds ratio indicator, p is the significance level, Ho is the observed heterozygosity, He is the expected heterozygosity, and PHWE
is the significance level of the deviation from the Hardy–Weinberg law.

L
oc

i

Alleles, genotypes Patients
(n = 520) abs. (%)

Control
(n = 981) abs. (%) OR (95%CI) p

r4
37

44
21

T 677 (69.79%) 1300 (68.71%) 1.05 (0.88–1.24) 0.58

C 293 (30.21%) 592 (31.29%) 0.95 (0.80–1.13)

T/T 244 (50.31%) 441 (46.62%) 1.16 (0.93–1.45) 0.20

T/C 189 (38.97%) 418 (44.19%) 0.80 (0.64–1.01) 0.07

C/C 52 (10.72%) 87 (9.19%) 1.18 (0.81–1.73) 0.41

Ho/He (PHWE) 0.390/0.422 (0.106) 0.442/0.430 (0.449)

T/T vs. T/C vs. C/C (additive model) 0.95 (0.80–1.12) 0.55

T/T vs. T/C + C/C (dominant model) 0.86 (0.69–1.07) 0.18

T/T + T/C vs. C/C (recessive model) 1.19 (0.82–1.70) 0.36

rs
75

79
41

1

C 587 (57.44%) 1071 (54.98%) 1.10 (0.94–1.29) 0.21

T 435 (42.56%) 877 (45.02%) 0.90 (0.77–1.06)

C/C 175 (34.25%) 285 (29.26%) 1.26 (1.00–1.59) 0.05

C/T 237 (46.38%) 501 (51.44%) 0.82 (0.65–1.02) 0.07

T/T 99 (19.37%) 188 (19.30%) 1.00 (0.76–1.33) 1.00

Ho/He (PHWE) 0.464/0.489 (0.241) 0.514/0.495 (0.244)

C/C vs. C/T vs. T/T (additive model) 0.90 (0.77–1.05) 0.19

C/C vs. C/T + T/T (dominant model) 0.79 (0.63–0.99) 0.05

C/C + C/T vs. T/T (recessive model) 1.00 (0.77–1.32) 0.97

rs
67

29
80

9

T 713 (69.22%) 1264 (67.67%) 1.07 (0.91–1.27) 0.41

C 317 (30.78%) 604 (32.33%) 0.93 (0.78–1.10)

T/T 247 (47.96%) 419 (44.86%) 1.13 (0.91–1.41) 0.28

T/C 219 (42.52%) 426 (45.61%) 0.88 (0.70–1.10) 0.29

C/C 49 (9.52%) 89 (9.53%) 0.99 (0.68–1.46) 1.00

Ho/He (PHWE) 0.425/0.426 (1.000) 0.456/0.438 (0.205)

T/T vs. T/C vs. C/C (additive model) 0.93 (0.78–1.09) 0.38

T/T vs. T/C + C/C (dominant model) 0.88 (0.71–1.09) 0.26

T/T + T/C vs. C/C (recessive model) 0.99 (0.69–1.43) 0.99

r4
95

36
16

T 742 (72.46%) 1408 (72.06%) 1.02 (0.86–1.21) 0.85

C 282 (27.54%) 546 (27.94%) 0.98 (0.82–1.16)

T/T 267 (52.15%) 493 (50.46%) 1.07 (0.86–1.33) 0.57

T/C 208 (40.63%) 422 (43.19%) 0.90 (0.72–1.12) 0.37

C/C 37 (7.22%) 62 (6.35%) 1.15 (0.74–1.79) 0.59

Ho/He (PHWE) 0.406/0.399 (0.740) 0.432/0.403 (0.026)

T/T vs. T/C vs. C/C (additive model) 0.98 (0.82–1.16) 0.81

T/T vs. T/C + C/C (dominant model) 0.93 (0.75–1.16) 0.54

T/T + T/C vs. C/C (recessive model) 1.21 (0.75–1.75) 0.51
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Table 2. Distribution of haplotypes of polymorphic loci rs757941–rs6729809–rs4953616 of gene LHCGR among patients
with endometrial hyperplasia and in the control group

The results were obtained by the method of logistic regression, OR is the odds ratio, and p is the significance level.

Haplotype
Haplotype frequency

OR p
sick the control

TCC 0.270 0.277 0.94 0.705
TCT 0.036 0.044 0.86 0.288
TTT 0.127 0.131 0.98 0.773
CTT 0.567 0.549 1.05 0.338
corpus luteum [33]. These LH-mediated processes in
the “hypothalamus-pituitary-ovaries” system of a
woman are of great pathophysiological significance in
the occurrence of HE, since one of the key points in
the formation of the disease is hyperestrogenism (abso-
lute or relative) with a lack of progesterone [1, 3, 4].

According to GeneCards [32], the result of the
expression of a DNA region in a region of gene
LHCGR is the formation of a transcript STON1-
GTF2A1L. A feature of this transcript is that it includes
elements of polynucleotide chains transcribed from
two genes—STON1 and GTF2A1L—and may be sub-
jected to further alternative splicing. The product of
gene GTF2A1L is one of the subunits of the main tran-
scription factor TFIIA (it is the “key” factor in the reg-
ulation of the transcriptional activity of an over-
whelming number of genes). Gene STON1 controls
the synthesis of the stonin 1 protein, which is involved
in the mechanisms of “local” cell motility, adhesion,
and endocytosis [32]. A number of previous studies
have demonstrated the relationship of rs7579411
LHCGR (as part of epistatic interactions) to the age of
the appearance of the first menstruation (age of men-
arche) and the growth of women [16] and the risk of
developing genital endometriosis [9]. At the same
time, the fact that (according to the published data
[34]) the allele T is associated with late menarche (β =
0.058), and according to our data, this allelic variant
has a protective value for endometrial hyperplasia,
which is fully consistent with each other, attracts
attention. Also, published data indicate the relation-
ship of single nucleotide polymorphism of genes
LHCGR and STON1-GTF2A1L to polycystic ovaries
[35, 36]. A higher expression of these genes in the sub-
cutaneous adipose tissue in women with polycystic
ovaries [37] and interethnic differences in transcrip-
tional activity of STON1-GTF2A1L were found in
white/black women in the age group of 35 years and
older with uterine fibroids [38].

The study demonstrated the association of the
polymorphic variant rs7579411 of the gene LHCGR
with HE. Genotype C/C has a risk value for HE, while
the allelic variant T serves as a “protective” factor in
the event of a disease. Single nucleotide polymor-
phism rs7579411 LHCGR has significant epigenetic
RUSSI
effects (located in the DNA region marking regulatory
sequences) and is associated with expression of the
gene STON1-GTF2A1L in organs and tissues (thyroid
gland, peripheral blood) involved in the pathophysiol-
ogy of the disease. At the same time, the allele T asso-
ciated with low transcriptional activity of the gene
STON1-GTF2A1L.
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