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AHHOTALMA

Jleunayanusaums SBNSETCA AUHAMUYHBIM MHOMO3TaNHbLIM MPOLIECCOM, B pe3ysibTaTe KOTOPOro NpOMUCXoAMT TpaHchopMaLms
YOJIMHEHHbIX 3HLOMETPUANbHBIX CTPOMANIbHBIX KNETOK B OKPYI/ible 3NUTENMOMAONOA0OHbIE feumayanbHble KINEeTKU B 0TBET
Ha NOBbILLEHWE YPOBHS MporecTepoHa. [eumayanbHble CTpOMasbHble KETKW UrPaloT BaXKHY0 Posib Ha MPOTSAXEHUM BCe
bepeMeHHOCTM, CO3AaBas TONEPAHTHY MUKPOCPeAy — QAeunayanbHyl 060104Ky — ANS MOAABNEHUS MaTepUHCKOro
WMMYHHOTO OTBETa W MPefoTBpPALLEHUs OTTOPXKEHWUS annoreHHoro nnofa. CuuTaetcs, uTO AeunAyanusauus BaxHa
He TONIbKO B YCTAHOBNEHUN U NOAAEPXKaHUM bepeMeHHOCTH, A1 NPeoTBPALLEHNS PaHHUX NOTEPb, MOAYNSLMNA UMMYHHOMO
0TBETA, HO M AN KOHTPONS Hayana pPoAOBOIA AEATENbHOCTW, PerynsuMvM uHBasuuM Tpodobnacta, a TakKe Cenekummn
3MbpuoHa. [leumayanbHble KNETKU 00/1afaloT MMMYHOMOAYIMPYIOLLMMA CBOMCTBAaMU B OTHOLLEHUM KNETOK BPOMXAEHHOIO
W afanTUBHOrO UMMyHUTETA. [lns nofepaHus GepeMeHHOCTH TpebyeTcs CeNeKTUBHAA 3MMUHALMSA NPOBOCMANMUTENbHBIX
CTaperLwmx AeUnayanbHbIX KIETOK aKTUBUPOBaHHbIMU MaTouHbIMM NK-KneTkamu.

B 0630pe npuBOAATCA AaHHble O Pa3NMYHBIX NOMYNAUMAX AELMAYaNnU3VUPYIOLLMXCA 3HAOMETPUANbHBIX CTPOMabHbIX
KNETOK, BblAeNeHbl X NOATUMbI C Pa3fMYHbIMU GYHKLMOHAMBHBIMU XapaKTepUCTUKaMK: NpefeumnayanbHble, AeunayanbHble
W cTapetoLme (CEHeCLIEHTHbIE), @ TaKXKe nepexofHble. MoKa3aHo, YTo MOBbLILIEHNE KONMYECTBA CTAPEIoLWMX feLnayanbHbiX
KNEeTOK C NpOoBOCManuUTeNbHbIM QEHOTUMOM BEAET K noTepsM bepeMeHHOCTU. [poaHanuavpoBaHbl AaHHble NUTEpaTyphbl,
MOCBALLEHHONM Aeumayanu3aumn U eé posin B reHe3e HeBbIHALUMBaHWSA DEpeMEeHHOCTH, a TaKXKe NOAYEPKUBAETCA BaXKHbIN
BKNaj, AELMAYaNbHbIX CTPOMabHbIX KIIETOK B MUKPOOKPYXEHUE U UX MPSMOE WM KOCBEHHOE BAMSIHWE Ha MPUBJIEYEHME,
pacnpefenenne U QYHKUMIO MUMMYHHbIX KIETOK, Ha PEMOAENMPOBAHME BHEKIETOYHOTO MaTpukca M QopMuUpoBaHUe
MNALeHTHI.
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ABSTRACT

Decidualization is a dynamic, multistep process that results in the differentiation of elongated endometrial stromal cells into
round, epithelioid-like decidual cells in response to increasing progesterone levels. Throughout pregnancy, decidual stromal
cells play an important role by creating a tolerant microenvironment, the decidua, to suppress the maternal immune response
and prevent rejection of the allogeneic fetus. Decidualization is considered significant not only in the establishment and
maintenance of pregnancy, prevention of early losses, and modulation of the immune response but also in the control of the
onset of labor, regulation of trophoblast invasion, and embryo selection. Decidual cells have immunomodulatory properties
in relation to cells of innate and adaptive immunity. Pregnancy maintenance requires selective elimination of proinflammatory
senescent decidual cells by activated uterine natural killer cells. Data on various populations of decidualizing endometrial
stromal cells revealed subtypes with different functional characteristics, namely, predecidual, decidual, transitional, and
senescent subpopulations. An increase in the number of the latter with a proinflammatory phenotype leads to miscarriages.
This paper analyzes the literature data on decidualization and its role in the genesis of miscarriage and highlights the
contribution of decidual stromal cells to the microenvironment and their direct or indirect influence on the recruitment,
distribution, and function of immune cells, extracellular matrix remodeling, and placenta formation.

Keywords: decidual cells; endometrium; early missed abortion; senescent cells; chorion.

To cite this article:
Gusarova TA, Nizyaeva NV, Mikhalev SA, Tikhonova NB, Orgadeeva DA, Mikhaleva LM, Sharapova OV. Morphological and molecular features of decidual
endometrial cells in miscarriage. Morphology. 2023;161(1):37-49. DOI: https://doi.org/10.17816/morph.508661

Received: 25.06.2023 Accepted: 29.09.2023 Published: 26.10.2023
V-2
ECOSVECTOR The article can be used under the CC BY-NC-ND 4.0 International license

© Eco-Vector, 2023


https://doi.org/10.17816/morph.508661
https://doi.org/10.17816/morph.508661
https://creativecommons.org/licenses/by-nc-nd/4.0/

HAYYHBIE OB30PHI

INTRODUCTION

The female reproductive cycle provides conditions in
the mother’s body for the development of healthy offspring
until birth. After fertilization, the fetal egg penetrates the
uterine wall, and further development of the embryo and
fetus occurs in close contact with maternal tissues in
the uteroplacental area (fetomaternal interface) of the
mother—placenta—fetus system. The allogeneity of the
embryo causes an immune reactivity problem of the
mother to foreign fetal antigens, which must be addressed.
The endometrium of the uterine wall, into which the
blastocyst implantation normally takes place, undergoes
changes, denoted as “decidualization,” which ensures the
encapsulation of the blastocyst and tolerance of maternal
tissues in contact with allogeneic tissues of the embryo.
Decidualization changes in endometrial cells are initiated
long before implantation. In humans, they are not at all
related to fertilization but are evolutionarily embedded in the
spontaneous menstrual cycle and depend on the hormonal
regulation of the ovulatory cycle. Decidualization can be
divided into two main temporal stages [1, 2]. The first stage,
often referred to as “predecidualization,” is associated with
regular cyclic structural, functional, and quantitative changes
in endometrial cells during the secretory phase of the
menstrual cycle, which aims to prepare the endometrium
for unimpeded implantation of the blastocyst. In the absence
of fertilization and implantation, menstruation occurs,
which involves the detachment and removal of the altered
endometrium from the uterine cavity. At the onset of the
next secretory phase, the initiation of predecidualization is
repeated. In the case of successful fertilization and signals
of blastocyst penetration into the uterine wall, the second
stage — true “decidualization” — occurs. It involves
the formation of a provisional gestational structure that
constitutes the maternal part of the placenta - decidual
sheath (decidua), and its maturation and maintenance
occur until labor [3]. From the structural and functional
aspects, the multitude of the cellular and matrix elements
of the endometrium undergo changes and provide the main
tasks of the process. Thus, this literature review is limited
to discussing the changes that endometrial stromal cells
(ESCs) undergo and the disorders of ESC decidualization
among complications of the first trimester of pregnancy.
Other cellular components, such as immune cells, vascular
elements, and features of matrix composition changes, are
mentioned in the review only when necessary to indicate
their importance in ESC decidualization.

RESEARCH METHODOLOGY

In the preparation stage of the review, a search of the
underlying publications in the scientific databases RINC,
Scopus, PubMed, Web of Science, and Google Scholar for
the 2010-2023 period was conducted using the keywords
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“decidualization,” “decidual cells,” “first trimester pregnancy
complications,” “miscarriage,” “early pregnancy loss,”
“decidualization,” “decidual cell,” “decidua,” “early pregnancy
loss,” “early pregnancy complication,” and “early missed

abortion”.

DECIDUAL REACTION
IN THE MENSTRUAL CYCLE
AS PREPARATION FOR PREGNANCY

A successful implantation is the result of a complex
interaction between two distinct components: the viable
blastocyst and the prepared endometrium. The preparation of
the endometrium for implantation involves the development
of the decidual response, which starts immediately after
ovulation in response to hormonal stimuli and involves all
cellular components, namely, the epithelium, immune cells,
and vascular and stromal cells. In ontogeny, a spontaneous
cyclic decidualization in response to hormonal signals is only
apparent with the onset of menarche. Endometrial sensitivity
to progesterone is established after prolonged estrogen-
dependent uterine growth, which begins before mammary
gland development in prepubertal girls and continues after
menarche [1].

In the proliferative (follicular) phase of the menstrual
cycle, estradiol stimulates the transcription of the
progesterone receptor in endometrial cells, ensuring their
sensitivity to progesterone in the secretory phase [1, 3].
Following ovulation, estrogen-dependent proliferation during
the follicular phase controls the division of endometrial
epithelial and stromal cells into subpopulations with
different functions and responses to decidual stimuli [2, 4, 5].
After ovulation, an increase in progesterone provokes the
onset of decidualization, and its high level is maintained
throughout pregnancy [6]. Progesterone is an important
signal of decidualization and a prerequisite for successful
implantation. The dynamics of the ovarian secretion of
estradiol and progesterone in the menstrual cycle control
decidualization and implantation [6, 7]. Postovulatory
progesterone deficiency is associated with infertility and
recurrent miscarriages [8].

Estrogen and progesterone receptors are nuclear
transcription factors responsible for triggering signaling
pathways that regulate decidualization and are organized into
a regulatory network. This network consists of sequentially
activated transcription factors and transducer proteins that
transmit activation or inhibition signals and direct the process
along one or the other pathway. Proteins belonging to
transcription factors and constituting the chains of signaling
pathways can undergo specific phosphorylation, which
determines their regulatory function. Signaling pathways
triggered by progesterone with the accumulation of cyclic
adenosine monophosphate (cCAMP) promote the expression of
decidual regulators of transcription controlled by epigenetic
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modifications, coordination of signal transduction, and
posttranscriptional changes [9]. Thus, in the middle of the
secretory phase in stromal fibroblasts, a genetic module is
activated, which includes the genes of transcription factors
Dickkopf1 (DKKT1) and CRYAB. The same module contains the
decidualization-initiating transcription factor forkhead box
protein 01 (FOXO1) and the IL15 gene. The expression of this
module is noticeable already at the beginning of the phase,
although in a smaller percentage of cells and at a lower
level [5].

Decidualization of ESCs is a multistage differentiation
program, which is considered an evolutionarily shaped
response to acute cellular stress [10]. After ovulation, the
secretory phase of the cycle occurs, which is characterized
by an increase in circulating progesterone levels and an initial
decidual stress response. The endometrium enters a short
period of receptive state (window of implantation [WOI]),
which is ideal for blastocyst implantation [5]. Implantation
outside this time window results in the failure to establish
pregnancy or increases the risk of adverse events [11, 12].
The decidualization of stromal fibroblasts is characterized by
a gradual change in their morphofunctional characteristics.
Elongated fibroblast-like cells of the proliferative phase are
transformed into large, round epithelium-like cells with
large nuclei, several nuclei, dense secretory granules near
the cytoplasmic membrane, accumulation of lipid droplets
and glycogen in the cytoplasm, and enlarged endoplasmic
reticulum and Golgi complex [13]. Specialized decidual cells
do not appear until a few days following ovulation; however,
the process is initiated in a few cells even before the opening
of the WOI [5]. In the middle of the secretory phase, stromal
cells decidualize around the arteries of the upper two-thirds
of the endometrium, and implantation becomes possible
approximately 6 days following ovulation. The abundant
appearance of morphologically differentiated decidual cells
heralds the closure of the WOI [9].

Changes in the morphology of decidualizing cells are
associated with sequential functional reprogramming. The
activation of the progesterone receptor signaling pathway
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by progesterone increases intracellular cAMP levels, which
induces decidualization, and stimulates the expressions
of prolactin (PRL) and insulin-like growth factor binding
protein (IGFBP1). Although PRL and IGFBP1 (PP12, placental
a-microglobulin 1 [PAMG-1]) are traditionally considered
decidualization markers, decidual cells produce many other
factors, such as interleukin-15 (IL-15), IL-11, epidermal
growth factor (EGF), heparin-binding EGF (HB-EGF), activin
A, prokinectin-1, leukemia inhibitory factor (LIF), left-right
determination factor 2, tissue factor, and neuropeptides
(Fig. 1) [9, 14, 15]. Functional changes in the stromal
component during decidualization include the organization
of the extracellular matrix, cell adhesion, intercellular
interactions, cytoskeleton organization, signal transduction,
metabolism, and stress response and affect the cell cycle,
differentiation, and apoptosis [9, 14].

During the menstrual cycle, the phenotype of
decidualizing stromal fibroblasts changes from the middle
to the late secretory phase, with a marked increase in
IGFBP1 expression, whereas PRL expression levels remain
low. Researchers have identified two types of decidualizing
stromal cells: those expressing only IGFBP1 and those co-
expressing both IGFBP1 and PRL in smaller numbers [5].

At the functional level, the following subtypes are
distinguished in the population of decidualizing ESCs,
namely, predecidual (pre-ESCs), decidual (dESCs) and
senescent (senDESCs), and transitional forms with signs
of mesenchymal-epithelial transition [16]. Moreover, cells
that have started the reprogramming of transcription in
accordance with the initial decidual phase, characterized
by an increase in cAMP [17], a sharp release of reactive
oxygen species, and secretion of inflammatory mediators
and nuclear alarmins, such as IL-33 and HMGB1 [18-20],
and allow complexes of specific transcription factors to gain
access to decidual gene networks are designated as pre-
ESCs. In parallel, massive chromatin remodeling, involving
the opening and closing of numerous DNA loci, allows
access to promoter and enhancer regions that control the
expression of specific decidual gene networks [21, 22]. DESCs

Fertilization

Implantation

Placenta

Ovulation

Mid secretory phase

The first trimester

Decidualization >

Fig. 1. Scheme of the decidualization process begining after the ovulation phase of the menstrual cycle and before the first trimester of

pregnancy (cited from [15] with modifications).
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are characterized by progesterone dependence, activation
of defense mechanisms, suppression of oxidative and
metabolic stress, activation of cellular defense mechanisms,
and selective suppression of stress-responsive signaling
pathways. Consequently, decidual stromal cells (DSCs) are
not only protected from oxidative and metabolic stress but
are also largely immune to harmful environmental influences
[23]. These cells become the basis for the formation of the
decidual membrane during gestation [24]. They produce
large amounts of CXCL14 and IL-15, which are required
for chemotaxis and activation of uterine natural killer cells
(uNKs) [3, 25], and epigenetically inhibit chemokines that
attract cytotoxic T lymphocytes [26]. Functionally opposite to
dESCs are sendESCs, which acquire a secretory phenotype
that is associated with aging [27]. Such phenotype includes
proinflammatory cytokines, chemokines, growth modulators,
angiogenic factors, extracellular matrix proteins, and
proteases [28]. These cells are involved in tissue remodeling
(including during fetal development), placenta formation,
and wound healing [4, 29, 30]. In addition to the main three
subpopulations, an additional group of decidual cells with
signs of mesenchymal—epithelial transition — transESCs —
was found [4]. These cells are largely devoid of receptors
and ligands that mediate the interaction with other decidual
subpopulations. They are supposed to influence tissue repair
and stimulate reepithelialization of the endometrium after
menstruation and childbirth [31].

In cycles without conception, decreased progesterone
levels lead to a disruption of the interaction between dESCs
and uNKs, which involves a differentiation program toward
senDESC and transtSC phenotypes involved in tissue
destruction and repair. Notably, senescent cells also attract
neutrophils and macrophages, which, when activated and
degranulated, enhance cellular senescence and degrade the
intercellular matrix [32, 33]. The disruption of uNK and dESC
interaction in the first trimester of pregnancy may cause
early pregnancy loss. By the end of pregnancy, the number
of sendESCs expressing factors and causing degradation and
remodeling of the extracellular matrix increases significantly,
which contributes to the onset of labor [16].

DECIDUALIZATION
OF THE PERI-IMPLANTATION PERIOD
AND DURING PLACENTATION

In the receptive endometrium ready for implantation in
the secretory phase of the cycle, two superficial layers are
distinguished, namely, the compact outer layer (stratum
compactum) and the spongy layer (stratum spongiosum).
Embryo implantation stimulates further decidualization of
stromal fibroblasts of the secretory phase with differentiation
into additional subgroups. Decidual cells can phenotypically
differ depending on their location in the spongy or compact
layer and the expression level of classical markers PRL and
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IGFBP1, and markers of mesenchymal origin, namely, alpha-
smooth muscle actin and transgelin [34].

At implantation, the extravillous trophoblast first
penetrates the compact layer, where a pool of cells
synthesize galectin-9 and CLEC2D, which suppress the
immune response and promote invasion [35]. In turn, IGFBP1
and PRL induce trophoblast invasion and proliferation
through integrins and receptors to PRL. LIF and IL-11
production promotes blastocyst adhesion, invasion, and
further placentation [1]. Thus, in the case of successful
implantation, decidualizing ESCs are further segregated
and differentiated from less specialized secretory phase
populations.

DSCs play an important role throughout pregnancy
by forming a tolerant microenvironment, the decidual
membrane, to suppress the maternal immune response
and prevent rejection of the allogeneic fetus. They have
immunomodulatory properties against cells of innate and
adaptive immunity [14]. The control of invasion is one of
the important functions of the decidual membrane [36]. In
addition to dESCs, the decidual tissue contains both cells of
hematopoietic origin (macrophages, uNKs, and monocytes)
and multicellular structures, namely, uterine glands and
blood vessels, including spiral arteries that support the blood
supply to the fetus [15]. B- and T-lymphocytes, mast cells,
macrophages, dendritic cells, and neutrophils are involved
in immunological tolerance, influencing embryo implantation
(in addition to uNKs predominant in the decidual membrane)
[37, 38]. To form a functionally complete placenta and
ensure adequate fetal nutrition and growth, the decidual
sheath must equally promote the development of invasive
trophoblast and limit its over-invasion. During pregnancy,
DSCs interact with immune cells of the uterine wall to form
a special matrix for controlled trophoblast invasion and
placenta formation [24].

ESC decidualization reduces uNK cytotoxicity through
the wisp2/IGF1 signaling pathway [39] and the production of
immunoregulatory factors, including PGE2 and indolamine-
2,3-dioxygenase [40]. When IGF1 expression is reduced,
uNK cytotoxicity becomes unregulated, resulting in
increased secretory levels of proinflammatory cytokines.
The decidual membrane may function as a biochemical
and physical barrier that limits the penetration of invasive
trophoblasts.

The decidual membrane also simultaneously produces
both metalloproteinases (MMP) and their inhibitors, which
counteract MMPs and limit cytotrophoblast invasion,
protecting the endometrium [41]. DSCs also synthesize
components of the extracellular matrix, including fibronectin,
type IV collagen, laminin, and proteoglycans heparan
sulfate and decorin [42, 43]. The synthesis of the EMILIN1
glycoprotein by dESCs provides an opportunity for invasive
trophoblasts to migrate to EMILINT through haptotaxis-
directed migration in which integrins are involved (in
haptotaxis, the chemoattractant gradient is expressed or
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bound at the surface compared with the classical chemotaxis
model in which the gradient develops in the soluble fluid).
Trophoblast signals, particularly PDGF-AA, trigger the
chemotactic and invasive migration of ESCs [9].

REGULATION OF DECIDUALIZATION

Numerous factors regulate the decidualization of ESCs
from initiation and control in the menstrual cycle, through
the transition to gestational transformation, preparation for
childbirth, and up to ensuring the detachment of the decidual
membrane during labor. These include hormonal, paracrine,
and autocrine substances; a regulatory signaling network
including nuclear receptors; a plethora of transcription,
transduction factors [44], epigenetic modifiers, various
noncoding RNAs [45], and extracellular vesicles [46];
mechanical and cell-cell contact interactions; and the
immune cellular environment. In this review, we did not
describe in detail all known regulatory factors, citing
references to review publications where possible. However,
a failure in any link of the regulatory chain and an untimely
shift in the balance of one or another factor or a deficiency
of one or another component, will lead to implantation
problems and pregnancy complications.

The role of extracellular vesicles and microRNAs in
decidualization for embryo—maternal dESC interactions was
demonstrated in embryo implantation [47]. Extracellular
vesicles are membrane formations of cellular origin that
deliver bioactive molecules from cells to cells [47]. The
contents of the vesicles mediate intercellular communication
and include numerous organic compounds such as DNA,
microRNAs, proteins, and lipids [48].

Primary human ESCs secrete extracellular vesicles
during decidualization. This process is controlled through the
HIF2a—RAB27B signaling pathway. Decidual vesicles contain
various proteins including cell signaling molecules, growth
modulators, metabolic regulators, and factors that control
endothelial cell expansion and remodeling. Extracellular
vesicles secreted by decidual cells mediate functional
connections between different cells in the uterus. The
internalization of those cells that carry glucose transporter
protein 1 (GLUT1) promotes glucose uptake by ESCs,
supporting and promoting decidualization. In addition, the
delivery of ESC-derived extracellular vesicles to endothelial
cells stimulates endothelial proliferation, enhancing vascular
network formation. Stromal extracellular vesicles also
promote the transformation of cytotrophoblast cells into
extravillous trophoblasts [46].

Thus, decreased activity of the noncoding RNA microRNA-
138-5p, overexpression of G protein-coupled receptor 124
(GPR124), and over-activation of the NLRP3 inflammasome
were associated with spontaneous miscarriage and were
not observed in normal pregnancies. MicroRNA-138-5p
and GPR124-related NLRP3 inflammasome were contained
in DSC-derived extracellular vesicles, indicating their
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potential modulatory role in decidual programming and
placentation [47, 49].

ROLE OF DECIDUAL CELLS
IN EMBRYO RECOGNITION
AND SELECTION

Blastocyst implantation is a critical event in human
pregnancy and depends on both the physiological state of
the blastocyst and the functional state of the uterine mucosa.
Incomplete decidualization leads to a lack or absence of
secretion of several hormonal and modulating factors and
causes immune environment disorders, which is considered
a critical factor in pregnancy failure. Habitual nonpregnancy
includes more than two spontaneous abortions in the same
couple. Evolution has endowed the endometrium with the
ability to assess embryo quality: either no implantation of a
poor-quality embryo occurs or the embryo is rejected soon
after implantation.

The endometrium of patients with PNB has defects in
embryo-quality recognition, which allows the implantation
of low-quality embryos; thus, miscarriage occurs if
subsequent embryonic development is impaired. The higher
rate of embryo loss in patients with PUD strongly suggests
endometrial dysfunction [15].

The property of the decidual membrane as a biosensor
for embryo selection was described by co-culturing human
embryos in vitro with dESCs [50, 51]. Embryo arrest induced
a marked response characterized by the selective inhibition
of key mediators of implantation and immunomodulators
including IL-1b, IL-6, IL-10, IL-17, IL-18, HB-EGF, and eotaxin
[50-52]. Changes in the conditioned medium obtained from
the co-culture with embryos subsequently successfully
implanted did not inhibit the ability of NKs in the decidual
membrane to eliminate senescent and damaged DSCs in
contrast to the medium taken from the co-culture with
embryos that failed to implant. In human DSCs, embryos with
developmental disorders induced endoplasmic reticulum
stress. The above physiological mechanism is intended for
the selection of low-viability embryos.

However, this response is specific only for decidual
cells, and this effect was absent when co-cultured with
endometrial mesenchymal stromal cells [53].

Age-related changes in the DSC secretome are
associated with decreased endometrial plasticity and
implantation failure [54].

In decidualization disorder leading to PNB, in addition to
the aforementioned problems, the expressions of several
factors such as transcription factor FOX01A, transforming
growth factor B2, prostaglandins and their receptors,
IL-1, LIF, gp130 (glycoprotein 130), and Dickkopf1 are often
impaired [54].

Negative effects on reproductive outcomes are most often
caused by a significant increase in meiotic defects in the
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Fig. 2. The role of decidual cells in maintaining physiological pregnancy. Timely elimination of senescent decidual cells leads to the
maintenance of pregnancy. SPAA — secretory phenotype associated with aging; ESCs — endometrial stromal cells; quoted from [62]

with modifications.

oocyte, and most pregnancy complications, including fetal
birth defects, are more common with increasing maternal
age, as observed in both humans and laboratory animals.
Pregnancy in old female mice is associated with impaired
placental and fetal development. However, when embryos
from old mothers are transferred to young recipients, the
development of both the embryo and placenta largely
returns to normal [55], which is consistent with the data
on the presence of functionally distinct subpopulations of
decidual cells [16].

Decidualization disorders can lead to morphofunctional
changes in both endometrium, including endometrial
mesenchymal stromal and stem cells [3, 56-58], and
immune cells, including uNKs [59-61].

Decidualization can be accompanied by the appearance
of a population of sendESCs [18]. High levels of sendESCs
in the proliferative phase cause implantation failures [53].
Moreover, the IL-15 secreted by hESCs activates uNKs
that can eliminate hESCs [18]. The above physiological
mechanism is intended for the selection and choice of low-
viability embryos.

Thus, progesterone-dependent anti-inflammatory
decidual cells promote conception and maintenance of
pregnancy, whereas proinflammatory, progesterone-
independent, damaged or senescent ESCs control tissue
remodeling. Accordingly, each decidual population
engages innate immune cells: anti-inflammatory dESCs
cooperate with uNKs to eliminate senescent ESCs, whereas
senescent ESCs promote the recruitment of neutrophils and
macrophages to assist with tissue destruction and repair.
Meanwhile, the number of senescent ESCs that express
factors responsible for the degradation and remodeling
of the extracellular matrix increases toward the end of
gestation, leading to the onset of labor [16]. The excess of
proinflammatory sendESCs over anti-inflammatory dESCs
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favors the initiation of labor, and if this process occurs early,
the pregnancy is terminated [16] (Fig. 2).

Notably, DSCs isolated from patients with reproductive
disorders show aberrant decidualization in vitro, and they
have lower PRL and/or IGFBP-1 levels than healthy women.

Clinical and experimental studies have demonstrated
the role of the proinflammatory response in the genesis of
miscarriage [57].

The decidual membrane plays an important role not only
in the establishment and maintenance of pregnancy but also
in the control of labor onset. Changes in the concentration
of prostaglandins and increased proinflammatory response
lead to the initiation of labor, both timely and preterm.
During pregnancy, endogenous levels of prostaglandins in
the decidual membrane are >150 times lower than that in the
endometrium, and this is due to a decrease in prostaglandin
synthesis.

Disorders of ESC differentiation are observed not only in
PNB but also in preeclampsia, gestational diabetes mellitus,
endometriosis, and antiphospholipid syndrome [9, 58].

Human ESCs and DSCs represent the same cells in
different environments (nonpregnancy and pregnancy,
respectively). Although some authors believe that DSCs
arise exclusively as a result of ESC differentiation, this is
debatable: decidualization does not end with the formation of
the decidual sheath, as evidenced by the presence of stromal
cells from the endometrium and decidual sheath in both
undifferentiated (undecidualized) and decidualized states.

In addition, fibroblast-like cells derived from different
tissues are accompanied by an increase in the expression
of decidualization markers PRL and IGFBP1 during hormonal
induction [62]. This fact confirms that cells from different
organs can acquire the ability to decidualize.

Given that DSCs synthesize many growth factors and
hormones, ectopic DSCs may be an important reserve
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synthesizing various molecules to maintain the physiological
course of pregnancy; however, this issue needs to be
investigated.

CONCLUSION

In recent decades, much interest has been paid to
molecular genetic mechanisms of decidualization, involving
the transition from the initial stage of acute inflammation
to the stage of anti-inflammatory secretion and finally
to the stage of recession caused by cellular stress,
which is caused by the presence of the embryo, reduced
progesterone levels, aging, or a combination of all these
factors. Endometrial decidualization is important not only in
the establishment and maintenance of pregnancy but also
in the prevention of early pregnancy losses, modulation
of the immune response, control of the onset of labor,
regulation of trophoblast invasion, and embryo selection.
The maintenance of pregnancy requires the selective
elimination of proinflammatory senescent decidual cells by
activated uNKs. Therefore, preimplantation interventions or
interventions will have a key effect on subsequent pregnancy
outcomes. Decidualization markers may help stratify high-
risk patients and increase the likelihood of successful
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