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Abstract. The article provides an overview of literary sources that describe research on the microbiome
of the endometrium in women of reproductive age. Thus, in many works, data is given indicating that the
uterine cavity is not sterile. Various microorganisms can be found on the surface of the endometrium. So far,
there is not enough research on microorganisms that can be considered a normal microbiome of the
endometrium and its influence on the function and development of hyperproliferative processes of the
endometrium in women. Many studies have proven the undoubted role of the uterine microbiome in the
development of endometrial hyperplasia and other proliferative diseases. The cited studies indicate that 60 %
of examined women with signs of microbial colonization caused by an infection of viral, bacterial, or fungal
origin developed endometrial dysfunction, which led to the development of hyperproliferative processes. The
study of the microbiocenosis of the uterine cavity in patients of reproductive age with various types of
endometrial pathology indicates the role of certain pathogenic microflora in their occurrence. In all cases of
atypical proliferation of the endometrium, an increase in the number of anaerobes up to 30 % was found
among all isolated microorganisms, in particular, anaerobic bacteria of the genus Bacteroides spp.
Representatives of the Enterobacteriaceae family (E. coli) and Gram-positive cocci (staphylococci and
streptococci) prevailed among the aerobic flora. The largest spectrum of isolated microorganisms was found
in patients with endometrial polyps. Studies of the immune system of the endometrium, which is formed to a
greater extent due to the microbiome and directly participates in the cyclic changes of the endometrium,
which are necessary for its physiological function during reproduction, are also presented. The immune
system of the endometrium participates in the cyclic changes of the endometrium necessary for its
physiological function in the process of reproduction. A proven factor is cells of the immune system and
proper remodeling of spiral arteries, NK (neutrophil killer), T-lymphocytes and antigen-presenting cells (APC
— antigen-presenting cell). A very important factor in the interaction between the gut microbiome and the
immune system is the gut mucosa, and from this it can be inferred that similar connections may exist for the
endometrium and its microbiome. Further studies of the state of the microbiome of the uterine cavity will
allow adding information about its participation in functional processes and the pathogenesis of the
development of hyperproliferative endometrial conditions.
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INTRODUCTION

Microbial colonization is significantly
involved in the physiological functions of
many organs, and changes in the microbiome
can be accompanied by the development of
various pathologies. In modern literature,
there is a large number of publications and
evidence that change the old opinion about
the sterile environment of the uterine cavity.
Microbial colonization of the endometrium
and its metabolic activity is involved in
various processes in the endometrium,
important for the functioning of the
endometrium and possibly for the normal
development of pregnancy [1,2]. Recent
studies have investigated the relationship
between the presence of bacteria in the
uterus, the proliferative processes of the
uterus, and reproductive difficulties and
pregnancy complications [3, 4]. Most of the
works are devoted to the relationship between
the microbiome of the uterus and its influence
on the immune system of the endometrium,
which is an important factor in its proper
function [5,6]. It has been proven that
bacteria can also affect the morphology of
cells and tissue of the endometrium, and
protect against the penetration and
reproduction of pathogenic types of
microorganisms. This makes the microbiome
of the endometrium essential for the
regeneration of the endometrium in the
proliferative phase and the subsequent
susceptibility of the endometrium to embryo
implantation, as well as to the development of
hyperproliferative processes [5, 7]. There are
still few studies evaluating the influence of
the endometrial microbiome on the
development of endometrial hyperplasia, and
there is very little useful information on the
microbial colonization of the mucous
membranes and their functions.

THE AIM OF THE STUDY

A literature review to study the impact of
changes in the endometrial microbiome on its
function and the development of endometrial
hyperproliferative processes in women.

MATERIALS AND METHODS

Literature sources and patent search
materials were used. Methods are applied:
information-search, bibliographic, compara-
tive analysis.
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RESULTS AND THEIR DISCUSSION

At the general level, there is a certain
relationship between microbes and humans,
which is called symbiosis. A constant supply
of nutrients is important for microbes, and the
host uses the contribution of microbes for a
number of physiological processes —
homeostasis of epithelial cells, the function of
the mucous membrane and a natural barrier
against colonization by pathogenic bacteria.

Bacterial colonization also plays a
significant role in modeling host immunity.
Metagenomic analysis gave rise to extensive
studies of natural colonization of the human
body and demonstrated the presence of
microbes in such cavities of the woman's
body, which were initially considered
completely sterile, until convincing evidence
of colonization of the uterine mucosa in the
absence of inflammation and other
pathological changes was proven. The
presence of microbes was often not noticed,
or their presence was not paid attention to,
because there were no effective methods of
obtaining biological material from the uterus
and preventing its contamination with the
external environment. The frontier of
research in this field has been the obtaining of
samples and the technology to prove and
identify all  microorganisms  present.
Currently, there is a growing number of
studies that provide important information
about the endometrial microbiome [8-10].

A condition for a safe symbiosis between
a host and a bacterium is the definition of a
space for their growth — a niche — and
compliance with a certain defined limit of
their  persistence. The penetration of
microorganisms into host tissues must be
limited in some way to prevent the transition
from the saprophytic or opportunistic state of
microorganisms to the development of an
inflammatory reaction [11]. Three types of
immunological barrier necessary for this
homeostasis have been described:

— the anatomical layer of the
endometrium, which prevents the penetration
of bacteria;

— state of the immune system;

— protection mediators limiting direct
contact between bacteria and epithelium;

— quick elimination of bacteria that
penetrate through the barrier.

— In endometrium, all these requirements
are currently met [12]. The undamaged
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secretory endometrium is an anatomical
barrier firmly connected to the myometrium
for the penetration of bacteria into the
underlying layers of the uterus.

Endometrium and endometrial fluid (EF -
endometrial fluid) contain molecules of
antimicrobial peptides (AMP — antimicrobial
peptides). Their levels fluctuate during the
menstrual cycle. One of the AMPs is an
inhibitor of leukocyte secretion of proteases,
which have a bactericidal effect on gram-
negative bacteria (Escherichia coli) and gram-
positive bacteria, such as (Staphylococcus
aureus)[13-15].

Lymphocytes are present in the
endometrium at all stages of the menstrual
cycle, which can quickly respond to the
invasion of microorganisms. Thus, the
endometrium is a safe niche for symbiotic
bacteria similar to the intestinal mucosa.

Standard studies used to identify the
presence of bacteria in the uterine cavity are
culture methods on specific media, which are
mainly used in the diagnosis of inflammation.

However, for the qualitative and
quantitative characterization of all types of
bacteria in the microbiome, one culture
method is not sufficient. This is due to the
fact that the samples are most often
dominated by aerobic microflora, which gives
rapid growth, in contrast to those types of
bacteria that grow slowly, which requires
specific conditions for their cultivation.
Molecular genetic methods gave a new
impetus to the identification of various
bacteria of the uterine cavity. Mitchell et al.
[14] examined endometrial fluid samples by
guantitative polymerase chain reaction (PCR)
for the presence of 12 species of bacteria and
demonstrated differences in their
representation in the vaginal environment and
endometrium. The presence of bacteria was
detected in 95% of the tested samples.
Atopobium vaginae was more often detected
in the wvagina. Lactobacillus iners were
present in the endometrial fluid. Further
studies used FISH methods (fluorescent in-
situ hybridization) or sequencing of the
characteristic hypervariable region of 16S
ribosomal RNA for certain species of bacteria
[8].

Decidualization and transformation of the
endometrium are influenced not only by
cyclic changes of ovarian steroids, but also by
cells and agents involved in the receptive
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state — the window of implantation, which is
largely provided by the immune system.
There are significant changes in endometrial
stromal fibroblasts and epithelial cells, the
cellular cytoskeleton changes and is modified
with the construction of the plasma
membrane. Changes in adhesion molecules —
integrins and L-selectin ligands were proven
(L-selectin ligands are present in the
endometrial epithelium, L-selectin receptors
are involved in blastocyst invasion and
trophoblast formation). Analysis of the
proteome of intrauterine secretion provides
important information [5]. Already at this
stage, disorders can arise that lead to
abnormal vascularization of the placenta and
subsequent pregnancy complications,
preeclampsia and fetal growth restriction.
Thus, the endometrium plays a key role for

physiological placentation and  the
physiological course of pregnancy. The
microbiome and its products can thus
participate in the implantation and

placentation of the embryo [4].

The immune system of the endometrium
participates in the cyclic changes of the
endometrium, which are necessary for its
physiological function in the process of
reproduction [15]. The proven factor is the
cells of the immune system and the correct
remodeling of spiral arteries, NK (neutrophil
killer), T-lymphocytes and antigen-presenting
cells (APC — antigen-presenting cells). A very
important factor in the interaction between
the gut microbiome and the immune system is
the intestinal mucosa [16, 17], and possible
analogous connections for the endometrium
and its microbiome can be deduced from
them.

Endometrial killer neutrophils (eNK)
make up the majority of the immune system
cells present in the endometrium -
approximately 70 %. Phenotypically and
functionally, eNK differ from natural Killer
cells of peripheral blood, decidual natural
killer cells (DNA) [18]. The endometrium is
dominated by eNK cells that do not produce
cytolytic cytokines, only a very small
proportion represents NK cells that destroy
infected cells. DNA cells produce a large
number of cytokines — for example,
interleukin 10 (IL-10), tumor necrosis factor
alpha (TNF-a), which can be involved in the
initial implantation and formation of the
placenta. eNK and DNA, as well as intestinal



NK cells, which are constantly exposed to the
intestinal microbiome, differ from pbNK cells
in that they do not produce cytotoxic
perforins and other cytotoxic substances [19].
In particular, APC cells (antigen presenting
cells). Macrophages and dendritic cells (DC -
dendritic cells) make up approximately 10—
20% of endometrial leukocytes. ARS
integrate  individual  stimuli, including
microbial ones, and are key to initiating an
adequate immune system response. During
the menstrual cycle, the number of
macrophages increases and reaches a peak at
the end of the secretory phase. By producing
LIF  (leukemia inhibitor factor), they
participate in the fucosylation of surface
structures important for the establishment of
the trophoderm, and thus for the receptivity
of the endometrium. Macrophages present in
the intestinal mucosa and exposed to the gut
microbiome also differ in many functional
parameters from peripheral blood
macrophages. This was proven by a
significant decrease in their ability to initiate
an inflammatory reaction [20-22].

T cells represent another important cell
fraction of the immune system present in the
endometrium. Outside of pregnancy, they are
stored in the deeper layers of the
endometrium for the formation of the
placenta shortly after implantation. There is
also evidence that the microbiome influences
the «tuningy» of certain groups of T cells. One
of the known vectors between the
microbiome and T-lymphocytes of the host is
polysaccharide A (PSA), obtained from the
capsule of Bacteroides fragilis [23]. An
important role is played by T-regulatory cells
of the mucous membrane, which are involved
in  maintaining the homeostasis of the
microbiome and increasing the tolerance of
the local immune system. T-regulatory cells
of the intestinal mucosa are activated by
many commensals — for example,
Lactobacillus,  Bacteroides,  Flexistipes,
Clostridium. A similar mechanism can also
be used to program the immune system of the
endometrium in connection with implantation
and placentation of the embryo [24].

Cytokines and chemokines produced by
the immune system and endometrial cells are
an important factor in the physiology of the
menstrual cycle and the development of
endometrial hyperplasia. In the second phase
of the menstrual cycle, the number of pro-
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inflammatory Thl cytokines IL-6, IL-8 and
TNF-a increases, which lead to the activation
of cells of the immune system and possibly
participate in the secretory transformation of
the endometrium. Chemokine CCL2 is also
an important factor produced by endometrial
stromal cells that attracts monocytes, T cells,
and endometrial dendritic cells. Secretion of
CCL2 has also been demonstrated in decidual
cells obtained in the first trimester of
pregnancy, where it ensures a local balance of
T cells and dendritic cells [25, 26].

The microbiome has been shown to be an
important factor in establishing baseline
CCL2 production and induction of
plasmacytoid dendritic cell homeostasis [22].
Mechanisms of innate and adaptive immunity
are involved in maintaining the physiological
balance between the presence of the
microbiome and the activity of the immune
system. It is necessary to maintain the border
with the physiological microbiome and
effectively eliminate pathogens [27]. The
innate  immune system includes PRR
receptors (pattern recognition receptors),
which are able to recognize characteristic
features of microbes, pathogens — PAMPs
(pathogen-associated molecular). PAMPs are
most often cell wall molecules — lipopeptides,
proteoglycans or lipopolysaccharides.
PAMPs are derived from microorganisms and
thus cause inflammation in response to
infections. One well-known PAMP is
lipopolysaccharide (LPS), which is found on
the outer cell wall of gram-negative bacteria.
DAMPs originate from host cells, including
tumor cells, dead or dying cells, or products
released from cells in response to signals such
as hypoxia. Because DAMPs originate from
host materials, they cause so-called sterile
inflammatory responses. DAMPs are often
generated or exposed in environments of
trauma, ischemia, or tissue damage and do
not require the presence of a pathogenic
infection [27-29].

These environments are created in
situations such as myocardial infarction,
cancer, autoimmune diseases, and

atherosclerosis. Toll-like receptors (TLRS),
NOD-like receptors (NLRs) and C-type lectin
receptors such as selectins, collectins and
proteoglycans belong to the most famous
PRRs [26]. TLR activation induces nuclear
factor kappa-B, which initiates a cascade of
inflammatory responses. PPDs form the first
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line against STDs (sexually transmitted
diseases) and other pathogens that can enter
the uterus from the vaginal environment.
Epithelial and stromal cells of the
endometrium express numerous TLRs and
other PRRs in contact, thus, with PAMPs can
initiate an intense inflammatory process [27].
It has been shown that NLR and TLR are
involved in the regulation of the microbiome
and endometrium in the periconceptional
period [26-29]. New discoveries in this area
can contribute to improving the results of
treatment of proliferative processes of the
endometrium, as well as fertility disorders.
Stable colonization of commensal bacteria
protects the host from pathogens because the
physiological microbiome is better adapted to
its niche than invasive pathogens.
Commensal bacteria in their environment
competitively reduce the amount of nutrients
for pathogens, their mutual symbiosis
prevents the penetration of pathogens into
their niche. Commensal bacteria also
stimulate TLRs and contribute to their ability
to respond to PAMP possible pathogens [27].
By a similar mechanism, the endometrium
can protect its microbiome. Another very
important factor of protection is the layer of
epithelial cells and its strength. An intact
epithelium prevents the penetration of
bacteria into the mucosal stroma and their
contact with the immune system. Drawing an
analogy with the intestinal microbiome, in
which the microbiome affects the structure
and differentiation of the intestinal
epithelium, it can be assumed that the
microbiome in the endometrium may also
play an important role in supporting
endometrial regeneration and the
development of endometrial hyperplasia [24].
But this question needs more careful research.
The main factor in the development of
hyperplastic processes of the endometrium is
disturbances in the hypothalamic-pituitary-
ovarian system, which lead to absolute or

relative hyperestrogeny and insufficient
progesterone influence [4].
Proliferative changes persist in the

endometrium, which, with long-term estrogen
stimulation, acquire the character of
hyperplasia. Also, endometrial hyperplasia
can be the cause of the development of
endometrial cancer, which is the most
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common gynecological malignancy [2,23—
25]. In 20-25% of cases, endometrial
hyperplasia with atypia is the basis for the
formation of malignant endometrial tumors,
therefore, the study of all possible factors
influencing the induction of endometrial
proliferation is an urgent goal of modern
research [5].

While estrogen stimulation is considered
the main etiological risk factor for the
development of endometrial hyperplasia,
immunosuppression and infection may also
be involved in the development of this
condition [7,26-28].

It is believed that immune disorders that
can lead to endometrial hyperplasia are
caused by viral and bacterial infectious agents
in more than 60 % of cases [8, 29].

The study of the microbiocenosis of the
uterine cavity in patients of reproductive age
with various types of endometrial pathology
indicates the role of certain pathogenic
microflora in their occurrence. In all cases of
non-atypical proliferation of the
endometrium, an increase in the number of
anaerobes up to 30 % was found among all
isolated microorganisms, in particular,
anaerobic bacteria of the genus Bacteroides
spp. Representatives of the Enterobac-
teriaceae family (E. coli) and Gram-positive
cocci  (staphylococci and  streptococci)
prevailed among the aerobic flora. Patients
with endometrial polyps showed the largest
spectrum of isolated microorganisms [2, 9].

CONCLUSION

Numerous studies testify to the important
role of chronic persistence of infection in the
development of endometrial hyperprolifera-
tive processes [2, 15].

It is believed that immune disorders that
can lead to endometrial hyperplasia are
caused by viral and bacterial infectious agents
in more than 60 % of cases [16].

Proliferation always exists in the foci of
inflammation as a protective compensatory
mechanism that works until the complete
destruction or eradication of the pathogenic

agent. It has been proven that in the
conditions of a long-term  chronic
inflammatory  process, the cell-genetic

apparatus is exhausted, which leads to atypia
and malignancy [17, 18].
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BILIMB MIKPOBHOI KOJIOHI3AIL[II EHIOMETPISI HA MOI'O ®YHKIIIIO I PO3BUTOK
I'MEPITPOJII®PEPATUBHUX CTAHIB

A — KOHIIeTIIIis Ta AW3aiiH JocikeHHs; B — 30ip nannx; C — aHami3 Ta iHTepnpeTanis gannx; D — HanmcanHs cTatTi;
E — penaryBanns crarTi;F — ocraTouHe 3aTBEpIKEHHS CTATTi

AHoTalis. Y cTaTTi HABEIEHO OIS JITepaTypHUX JDKEPEN, B SKUX BUKJIAJIEHI TOCIiIKEHHS MIKpoOioMy
EHZIOMETPII0 Y JKiHOK PerpoIyKTUBHOTO BiKy. Tak, B 6aratbox po0oTax HaBeJeHi JaHi, 0 BKa3ylOTh Ha Te,
IO TMOPOKHMHA MATKH HE € CTEepWIbHOI0. Ha moBepxHi eHAOMETPil0 MOXKYTh 3HAXOTUTHCS Pi3HOMAaHITHI
Mikpoopranizmu. [1oku 10 HE Mae JOCTaTHBO JOCTiIKEHb, I0J0 MIKPOOpPTaHi3MiB, SKi MOXHA BBaKATH
HOpPMAaJIbHAM MiKp0oOiOMOM €HIOMETpif0 i HOro BIJIMBY Ha (YHKIIO Ta PO3BHTOK TileprpoiidepaTuBHUX
TIPOIIECIiB SHIOMETPiI0 y XKiHOK. baraTema HOCTIKEHHAMH JOBEICHO OS3CYMHIBHY POJIb MIKpoOioMy MaTKH
Ha PO3BHUTOK Timepruiasii eHAoMeTpio i iHmuX mposidepaTUBHUX 3aXBOpIOBaHb. [IpuBeneHi mOCIimKeHHS
BKa3yIOTh, MO y 60 % oOcTekeHnX XIHOK 3 O3HaKaMH MIiKpOOHOI KOJOHi3alii, BHKINKAHOIO 1H(EKIIE
BipycHOTO, OakTepiabHOTO a00 TpHOKOBOTO MOXOIPKEHHS, CIIOCTEPIraBCsi PO3BHTOK AMCGHYHKIIT
€H/IOMETpif0, IO TPHU3BOAMB 0 PO3BUTKY TimeprnpoiidepaTHBHHUX IpoIeciB. BUBUEHHS MiKpoOiomeHO3y
MOPOXXHUHU MATKH Yy MAI[iEHTOK PEMPOAYKTHBHOTO BiKY 3 PI3HUMH BHJIaMH ITaTOJIOTi] €HIOMETpiI0 BKa3ye Ha
pONb TEBHOI MAaTOreHHOI Mikpoduiopm B X BHHMKHEHHI. Y BCIX BHIIQJKaxX HETHIIOBOi mpoiidepamii
€H/IOMETPII0 BUSBICHO 301MbIIEHHS KiTbKOCTi aHaepoOiB 10 30 % cepen ycix BHAIICHHX MiIKpOOPTaHi3MiB,
30KpeMa aHaepoOHuX GakTepiii pony Bacteroides spp. Cepen aecpoGHOI (uiopH IEepeBakaiu NpeaCTaBHUKA
ponuau Enterobacteriaceae (E. coli) Ta rpaMmo3uTHBHI KOKH (CTa(iIOKOKH Ta CTPENTOKOKH). Y TAIIEHTOK 3
MOJIITIaMH  €HJIOMETPII0 BHSIBICHO HAWOIMBIIMKA CHEKTP 130JIbOBAHUX MIKpOOPTaHi3MiB. TakoxX MpUBEACHI
JOCITI/PKEHHST IMyHHOT CHCTEMHU €HIOMETpito, Mo (GOPMYEThCS OUTBIIOI MIipOI0 32 PaxXyHOK MiKpoOiomy i
Oepe OesmocepeqHIO y4acTh B IUKIIYHHX 3MiHaX EHIOMETpPilo, MO0 HEeoOXimHi Iy Horo (¢i3ioJoridHol
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¢yHKIiT B powieci BinTBOpeHHs. IMyHHa cucTeMa eHaoMeTpist Oepe y4acTh y HUKIIIYHUX 3MIHaX €HIOMETpito,
HeoOXimHuX 11 #oro ¢iszionoriunoi ¢yHkuii B mporeci pernpoxykuii. JloBeneHuM (akTopoM € KIITHHU
IMYHHOT CHUCTEMH Ta NpaBWJIbHE DEMOJAENIOBaHHA cmipainbHuX aptepiit, NK (meitrpodinbauii kinep), T-
JiMbormTH Ta aHTUreHnpe3enTyroui knituan (APC — antigen-presenting cell). Iyxe BaxiuBum GakTtopom y
B3a€EMOJIii MK MIKpOOiOMOM KHUILKIBHHKA Ta IMyHHOIO CUCTEMOIO € CIIM30Ba 00OJIOHKA KHMIIKIBHUKA, 1 3 Hel
MOJKHAa 3pOOUTH BHCHOBOK IIPO MOXIIUBI aHAJOTIUHI 3B’SI3KH U CHIOMETPIF0 Ta HOro MiKpoOioMmy.
[opanbmi HOCHiIKEHHS CTaHy MIKpOOiOMY NMOpPOXXHUHHM MaTKH, J03BOJATH JIONOBHUTHU iH(OpMalilo moao
Horo ywacti B (yHKLUIOHAIPHHX IIpollecax Ta MaTOTeHe3l PO3BHUTKY TineprnponidepaTHBHUX CTaHIB
CHJIOMETIIO.

KITIO4YO0BI CIIOBA: czinepnnaszis enoomempis, npofighepamusHi npoyecu, MIKpoOiom eHOoMempis,
MIKpOOHA KOJOHI3aYist MAMKU, IMYHHA CUCTEMA eHOOMEempIs
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