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Abstract. Infertility is an important socio-economic problem due to the fact that planned childbearing occurs much later than
three decades ago. In recent years, more attention has been paid to the role of uterine leiomyoma in the development of infertility.
Uterine leiomyoma is a benign monoclonal, well-demarcated encapsulated tumor originating from the smooth muscle cells of
the cervix or body of the uterus. Uterine leiomyoma is the most common uterine tumor in the reproductive age group, affecting
20—50 % of women. With conceptual changes in marriage and childbearing, the number of women over 35 with leiomyoma who
want to have children has also increased significantly. The need to treat submucosal fibroids is widely recognized, but fibroids
of other locations and sizes remain a clinical mystery. The purpose of the literature review was to determine the role of uterine
fibroids in predicting infertility. It has been established that the incidence of uterine leiomyoma in women of reproductive age
is on average about 40 %, infertility associated with this pathology occurs in 5—10 % of women. In 10 % of cases of infertility,
uterine leiomyoma is the only established cause of infertility. Uterine leiomyoma is common among women of reproductive age,
and as women continue to delay childbearing, an increasing number of patients will require fertility-preserving treatment options.
Leiomyoma affects not only fertility but also obstetric outcomes. Women with intramural fibroids without cavity deformity
have a 21 % reduction in live birth rates after in vitro fertilization compared with controls without fibroids. Despite advances in
fundamental understanding of the biology of leiomyomas, the role of different fibroid variants remains a matter of discussion.
The question of the negative impact of submucosal nodes on infertility today is not in doubt, and the effect of subserous and
intramural nodes requires further study.
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Introduction

The clinical guidelines define infertility as a disease
characterized by the inability to achieve a clinical
pregnancy after 12 months of regular intercourse without
contraception due to an impairment of the subject’s
ability to reproduce, either individually or in conjunction
with her partner [1]. The causes of infertility are varied,
one of which is undoubtedly the uterine factor due to
the presence of uterine fibroids. Leiomyoma of the
uterus (Further—LU) defined as “a benign monoclonal,
well-demarcated encapsulated tumor of smooth muscle
cell origin of the cervix or uterine body” [2].

LU is the most common uterine tumor in the
reproductive age group, affecting 20—50 % of these
women and hence its association with infertility,
although controversial, is always of great concern to
both clinicians and patients [3].

Infertility, both primary and secondary, is a common
occurrence in this disease; some studies have found that
the incidence LU in women of reproductive age is up to
40 %, infertility associated with LU occurs in 5—10 % of
women [4]. In other studies, primary infertility associated
with LU is detected in 20—25 % of cases, secondary
in 35—50 %. At the same time, the combination of LU
with other factors of infertility is observed in 40—60 % of
women [5]. In another study, LU is associated with 10 %
of cases of infertility and is the only established cause of
infertility in 1—3 % of patients [6]. At the same time,
the role of LU in the development of infertility has not
yet been determined, since there are numerous cases of
pregnancy with a favorable outcome with multiple LU,
even large ones [7].
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Risk factors for uterine leiomyoma

Several risk factors for the disease have been
identified, ranging from genetic predisposition to poor
lifestyle habits [8].

Risk factors for developing LU include: race, age,
lack of pregnancy and even delayed, early menarche,
parity (protective effect), caffeine, alcohol, high blood
pressure, obesity, genetic changes and others, such as
a diet that includes an abundance of red meat, while
smoking, possibly associated with a relative change in
estrogen metabolism, reduces the risk of developing
fibroids [9—10].

Symptoms and pathogenesis of uterine
leiomyoma

In most cases, LU is asymptomatic, especially at
the beginning of the development of the disease, with
small sizes of nodes, a small number of them, which
undoubtedly reduces the actual frequency of detection
of this disease [11], all this against the background of
a delayed first pregnancy, which in turn is a risk factor
for the development of LU.

The purpose of the literature review was to
determine the role of uterine fibroids in predicting
infertility.

The solution of the researcher-task was carried out
through analysis of corpora of scientific publications and
discourse analysis, based on the definition of various
mechanisms for the occurrence of such an ailment as
infertility in women with uterine myoma.
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Mechanisms of infertility development in
uterine leiomyoma

Scientific interest in this issue is relevant and
is described in many works of national and foreign
scientists affecting genetics, epidemiology, hormonal
aspects and molecular mechanisms of tumor
development. However, there is no specific pathogenetic
substantiation of the effect of LU on the reproductive
function of women [12].

Analyzing this subject, it is impossible not to talk
about the pathogenesis of infertility caused by LU.
The beginning of everything is considered “hormonal
changes that occur in a woman’s body due to changes
in various departments of a single functional system:
the hypothalamus-pituitary gland-ovaries-uterus. In
56—60 % of patients with LU, anovulatory cycles
with varying degrees of estrogen saturation and / or
biphasic menstrual cycles with luteal phase deficiency
are detected [13]. In addition to hormonal disorders,
there are other mechanisms for the development of
infertility in LU.

Next, we consider some mechanisms of infertility
development in LU.

The pathogenesis of infertility in LU is fairly well
known and includes:

1. Mechanical factor (resistance to sperm, egg or
embryo transport has been proposed as a mechanism
to explain the effect of fibroids on fertility);

2. Dysfunctional myometrial injury (Cine MRI
demonstrated accelerated mid-luteal peristalsis (defined
as >2 peristaltic movements in 3 min) in the presence
of intramural fibroids and reached a 40 % pregnancy
rate in this population within 1 year after restoration
of normal peristalsis by myomectomy);

3. Implantation disorders due to cytokine factors
(decrease in the levels of certain cytokines, mainly
IL-10 and glycodelin, in mid-luteal uterine lavages of
women with submucosal fibroids) [3].

The effect of LU on fertility undoubtedly depends
on its location [14].

Classification given by the International Federation
of Gynecology and Obstetrics (FIGO) is of the greatest
importance, since with this classification it is possible to
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determine all variants of the pathogenesis of infertility
due to LU.

There are a number of different mechanisms by
which LU negatively affects fertility.

Mechanical factor. In addition to the fact that
the promotion of spermatozoa in the uterine cavity is
difficult, as well as the entry of the embryo through
the fallopian tubes after fertilization, it has also been
proven in a number of studies that LU leads to a change
in the functional properties of the endometrium, a
change in the architectonics of the endometrium with
a violation of its implantation ability due to impaired
blood circulation passing through the uterine arteries,
LU also contributes to impaired endometrial receptivity,
which determines endometrial dysfunction. According
to Pritts et al. submucosal nodules causing intracavitary
curvature were associated with a lower implantation
rate than in LU women (3.0—11.5 % vs. 14—30 %)
and an increased risk of early pregnancy loss (47 %
vs. 22 %) [15,16,17]. A recent analysis has shown that
submucosal, intramural, and subserous fibroids affect
fertility differently, and they are mainly associated with
submucosal lesions leading to implantation defects [18].

On the contrary, there is controversy as to whether
LMs that do not cause distortion of the uterine cavity
affect fertility. The influence of intramural and subserous
nodes on the reproductive function of women remains
a subject of discussion due to the inconsistency of two
studies of the same year: Christopoulos G. et al. and
Styer A.K. et al. [19, 20].

On the other hand, intramural fibroids in contact
with the endometrium may have a very different effect
on implantation than those in which the myometrium
is located between the myoma and the endometrium.
For example, a recent study using the FIGO
classification system found that single or multiple type 3
leiomyomas >2 cm in diameter, alone or in combination,
were associated with lower implantation rates as well as
reduced rates of clinical pregnancy and delivery [21]. It
should be emphasized that the presence of intramural
and subserous myomas is associated with changes in
uterine peristalsis and vascular blood flow, as well as
impaired transport of spermatozoa and oocytes and
embryo implantation [22]. It is worth noting that the
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data show a 21 % reduction in live birth rates after
in vitro fertilization (IVF) in women with intramural
fibroids without cavity deformity compared to controls
without fibroids [23].

Subserous fibroids, both sessile and pedunculated,
that distort the outer contour of the uterus, do not appear
to have a significant effect on fertility potential, despite
the fact that the same study by Pritts et al. showed
that the presence of fibroids, regardless of location,
significantly reduced the incidence of implantation,
clinical pregnancy, and current pregnancy/live birth,
when the analysis was limited to subserous fibroids,
no difference was observed for any of these endpoints.
Therefore, subserous fibroids do not appear to affect
fertility outcomes and their removal does not provide
any benefit [24]. Other studies have shown that
submucosal fibroids cause a blunted decidualization
response with reduced release of cytokines important
for implantation, such as leukocyte inhibitory factor
and cell adhesion molecules [25].

Endometrial factor. This factor occupies one of
the main places in the genesis of reproductive failures.
“Optimal conditions for immersion of the ovum into
the endometrium are noted during the “implantation
window”, which corresponds to 6—10 days after the
peak of luteinizing hormone (LH) in the blood, or 20—
24 days of a 28-day menstrual cycle” [26]. Successful
implantation is determined by a complex of structural
and functional characteristics of the endometrium
(genetic, proteomic and morphological), united by the
term “Endometrial receptivity” [27].

The expression of genes encoding specific proteins
reflects the essence of the genetic level of endometrial
receptivity. The proteomic level includes: receptors
for sex steroid hormones, various adhesion molecules,
cytokines and growth factors that play a decisive role
in the process of blastocyst implantation [26].

The results of the study show that LU causes
vascular changes in the endometrium, and as a result,
inflammation, which leads to the creation of an
unfavorable environment for embryo implantation and,
thus, to infertility [28].

Certain intrauterine cytokines in early pregnancy
are believed to be responsible for implantation and early
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embryonic development. Implantation is a complex
process involving several factors such as HOXA-10,
glycodelin, leukemia inhibitory factor and glutathione
peroxidase 3 [29]. The exact cellular and molecular
mechanisms that guide and control the development
and growth of LU are not clearly understood. However,
several factors have been implicated in the development
and growth of LU, such as cytokines, chemokines,
growth factors, extracellular matrix components,
vasoactive substances, and miRNAs [30].

Cytokines are low molecular weight proteins that
are produced and released by cells of the immune
system, they regulate intercellular and intersystem
interactions, determine cell survival, stimulation or
suppression of their growth, differentiation, functional
activity and apoptosis, and also ensure the coordination
of the action of the immune, endocrine and nervous
systems under normal conditions and in response to
pathological influences.

Interleukins (hereinafter referred to as ILs) are
a type of cytokines that were originally thought
to be expressed only by leukocytes, but were later
found to be produced by many other cells in the
body. They play an important role in the activation
and differentiation of immune cells, as well as in
proliferation, maturation, migration and adhesion. ILs
also have pro-inflammatory properties. Thus, the main
function of IL is to modulate growth, differentiation,
and activation during inflammatory and immune
responses [31]. To date, many subclasses of IL are
known; IL-10, which is an anti-inflammatory cytokine,
the production of which is predominantly carried out
by subpopulations of T cells or macrophages, plays a
certain role in the pathogenesis of LU. IL-10 usually
inhibits the activation of neutrophils and macrophages,
which can be sources of IL-6 and TNF-a synthesis. In
addition, several authors have described the unique
ability of IL-10 to block cytokines and chemokines
of macrophages activated by lipopolysaccharide
(LPS), which can stimulate inflammatory processes
[32]. Significant reductions in the levels of several
cytokines, mainly IL-10 and glycodelin, have been
reported in mid-luteal uterine lavages of women with
submucosal fibroids.

399



Semyatov SM, Leffad ML Becthux PYJTH. Cepus: Mepuumna. 2022. T. 26. Ne 4. C. 396—403

Glycodelin is a progesterone-regulated glycoprotein
secreted into the uterine cavity by secretory/
decidualized endometrial glands and has properties
such as angiogenesis stimulation and natural killer (NK)
suppression. Glycodelin has three main isoforms that
are found in different tissues and environments of the
reproductive system, depending on the place of their
production: amniotic fluid (glycodelin A), endometrium
(glycodelin A), seminal plasma (glycodelin S) and
follicular fluid (glycodelin F) [3].

Glycodelin is synthesized in the ovaries (follicle,
corpus luteum), fallopian tubes, secretory endometrium,
maternal part of the placenta, in men—in the seminal
vesicles, this protein was found in endometriosis foci,
extracts of malignant and benign tumors of the ovaries
and uterus, in including LU. In the female reproductive
tract, spermatozoa are exposed to glycodelin A and
F, which inhibit the binding of spermatozoa to the
zona pellucida. As spermatozoa migrate through the
cumulus matrix, glycodelin F as well as glycodelin
A-dependent inhibitory activity of gamete interaction
is reduced due to the presence of a specific isoform
of cumulus glycodelin, designated as glycodelin C,
which has the effects of stimulating sperm binding to
the zona pellucida [33]. There is also an opinion that the
deficiency of glycodelin that develops with infertility
of unknown origin indicates a failure of the “friend or
foe system, as a result of which the spermatozoon can
be perceived by the egg as a foreign cell” [34].

In addition to glycodelin’s “contraceptive”
properties, it has been suggested that glycodelin is
immunosuppressive by inhibiting natural killer (NK)
cell activity. During implantation, glycodelin levels rise
and may protect the embryo at the endometrial level
from destruction of NK cells [35].

It is believed that the proliferative effects of
estrogens and progesterone can be manifested through
pro-inflammatory mediators: tumor necrosis factor a
(TNFa), growth factors: transforming growth factor 3
(TGF-P), basic fibroblast growth factor (basic FGF),
as well as inhibitors of apoptosis: cellular tumor
antigen p53 (p53), apoptosis regulator bcl-2 (bcl-2)
[36]. The HOXAT10 gene also plays a certain role in the
development of infertility in intramural and subserous
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LM. The HOXA10 and HOXA11 genes and the protein
products they encode are currently considered as
one of the key regulators of endometrial receptivity
during embryo implantation, which determine
fertility in general [37]. HOXA-10 is responsible for
cell differentiation while glycodelin is responsible
for promoting angiogenesis, suppressing NK cells
and inhibiting sperm binding to the zona pellucida,
as already mentioned above. Typically, both factors
decrease during the follicular phase and increase during
implantation [29]. In an animal model, a decrease or
absence of HOXA10 in the uterine endometrium leads
to subfertility or infertility due to the inability of the
embryo to implant, a study by Rackow and Taylor
showed that HOXA10 is significantly reduced in
submucosal fibroids compared with the control group,
and although in patients with intramural myomas,
there was a trend towards lower HOXA10 levels, this
trend was not significant, in contrast, Matsusaki and
colleagues showed a significant decrease in HOXA10
in patients with intramural fibroids compared with
healthy controls [38], in another study of the effect
of LU on the endometrium, using molecular markers
of endometrial receptivity, a decrease in HOX gene
expression was found throughout the endometrium,
and not just over submucosal fibroids. This observation
implies that impaired fertility may be due to a global
effect, and not just a focal change in the endometrium
that covers the fibroids [39].

In the presence of LU, both HOXA-10 and
glycodelin were reduced at the time of implantation.
Although the studies that have shown decreasing
trends in HOXA-10 are not extreme, this decrease,
which causes failure of embryo implantation, has been
confirmed in an animal model. Thus, it is proposed that
the reduction of both factors is the reason for the failure
of embryo implantation, causing infertility [28].

Conclusion

LU is common among women of reproductive
age, and as women continue to delay childbearing, an
increasing number of patients will require fertility-
preserving treatment options. It is worth emphasizing
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that LU affects not only fertility, but also obstetric
outcomes.

It is worth recognizing the progress made in the
fundamental understanding of the biology of the LU.
As already mentioned, the role of different variants of
myomas remains a matter of debate. The question of
the negative impact of submucosal nodes on infertility
today is not in doubt, and the effect of subserous and
intramural nodes requires further study.
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POJIH JIeHOMHOMBI MaTKH B pa3BUTHM Oecriiofus. JlelioMrHoMa MaTKy — J0OpoKaueCTBeHHast MOHOKJ/IOHA/IbHasl, XOPOIIIO OTrpa-
HUYEHHas KarlCy/TMPOBaHHAs Oy X0JTb, POUCXOASIIAst U3 I7IaJKOMBILIEUHBIX KJIETOK IIeHKH UK Tefla MaTKH. JIelioMroMa MaTK!
SIB/JIsIeTCs1 Harbosiee pacrpoCTPAHEeHHOM OMyX0/Ib0 MaTKK B PerpoAyKTHBHOM BO3pacTHOMU rpyrime, mopaxarwoiei 20—50 %
keHIUH. C KOHLIENTya/IbHbIMUA U3MEHEHHSMHU B BOTIPOCAxX Opaka U JeTOPOXKIAEHUS UNC/IO0 XKeHIIUH cTapiiie 35 JieT C IeHOMUOMOH,
KeJIaroIUX UMeTh [IeTeH, TaK)Ke 3HAUNTe/IbHO YBeMUnI0Ch, HeoOX0AUMOCTD JIeUeHusT MOAIC/TU3UCTHIX MUOM IIIMPOKO TIPM3HAHA,
HO MHOMBI JIPYTHX JIOKA/IM3aL|i 1 pPa3MepoB MPOZ0JDKAIOT MPeICTaBATh COO0M KITMHUUeCKYTO 3aragky. Llensro mirepaTrypHoro
00630pa SIBJISIOCH OTpe/ie/ieHHe POJI MHOMbBI MaTKHU MPU TIPOTHO3UPOBAaHWU Oecriofusi. Bbigoobl. YcTaHOB/IEHO, UTO YaCTOTa
BCTPEUaeMOCTH JIEHOMHOMBI MaTKH Y >KEHILWH PerpOAyKTUBHOTO BO3pacTa COCTaBseT B cpefHeM okojio 40 %, becruioaue
aCCOLMUPOBAHHOM C ZlaHHOM TaTojioruedi Bcrpedaercs: y 5—10 % ke, B 10 % ciayuaes 6ecriioqus 1eiioMrOMa MaTKy
SIBJISIETCSL €TMHCTBEHHOU YCTaHOBIEHHOW TIPUUMHON Oecrutoqust. JlelioMroMa MaTKH IIIMPOKO PACIIPOCTPaHeHa CPeV XKeHIIUH
PEeIpoOIyKTHBHOIO BO3PACTa, U MOCKOJIbKY, JKEHII[UHbI [POJ[0/DKAIOT OTK/I/IbIBaTh JETOPOK/EHHE, BCe OOJIbIIIEMY UMCTY MAlieHTOB
TOTPeOyIOTCS BAPHAHTEHI JIEUeHHsT, COXpaHsroIIue GepTUIbHOCTD. JIelioMrOMa BIMsIeT He TOJILKO Ha (DepPTUBHOCTD, a TAKXKe
Ha aKyIIepCKye UCXO/bl. Y XKEeHIIUH C MHTpaMypajbHbIMK MHOMaMu 6e3 fedopMariyu rmojocTeil Hab/omaeTCsl CHUYKEHHE YaCTOThI
JKUBOPOXKJeHNs Ha 21 % T0c/ie 3KCTPaKOPIopaabHOTO OTUIOZOTBOPEHHS TI0 CPaBHEHHIO C KOHTPOJIBHOM TPYITIol 6€3 MHOMBL.
HecmoTpst Ha riporpecc, JOCTUTHYTHIM B (hyHAAMEHTa/IbHOM TIOHUMaHHUH OMOIOTHH JIEHOMHOMBI, PO/Tb Pa3/IMYHBIX BADHAHTOB
MHOM OCTaeTCs IPeJIMETOM /15l IUCKYCCHHU. Bompoc 06 oTpuLiaTebHOM BAUSIHUM CyOMYKO3HBIX y3/10B Ha Oecriiofue Ha Cerof-
HSIIIHUI 1€Hb He BbI3bIBa€T COMHEHUH, a B/IUsIHUE CyOCepO3HbIX U MHTPAaMypPajbHbIX Y3/I0B TPEOYIOT Aa/bHEHIIIEro U3y YeH s,

KiiroueBble cj10Ba: jjeioMHUOMa MaTKH, OeCruiofue, MporHo3UpoBaHue, (akTopbl PUCKa, CyOMYKO3HBIe, CyOCepO3HbIe,
WHTPaMypaJibHbIE Y3/IbI
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