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Abstract

This review discusses the role of membrane components in the initiation and
progression of endometrial cancer. Cancer cells that are the substrate of the
tumor growth are subject to multiple interactions both among themselves and
with the tumor microenvironment. The cell membrane of tumor cells undergoes
changes, resulting in simplified antigenic structure and the expression of
molecules found in embryonic tissues, changes in the intercellular contacts
that maintain epithelial homeostasis. Dense contacts form the basis for the
preservation of normal endometrial histological organization. These changes
also affect intercellular contacts, leading to the alteration of mechanical
properties and invasive growth of tumor cells. In addition, components of
dense contacts are participants of intracellular signal transduction pathways.
The review highlights the potential role of claudin proteins, specifically in
tight junctions and intracellular signaling, as promising targets for further
study. Epithelial-mesenchymal transformation (EMT) represented in normal
tissues in processes of reparation, plays a significant role in endometrial cancer
progression, and the altered characterization of E-cadherin and p-catenin

is important in understanding EMT’s role in the disease. Researchers are
focusing on the E-cadherin as a component of oncogene activation pathways.
Hyperestrogenemia (high serum estrogen levels) is known to underlie Type I
endometrial adenocarcinoma. Additionally, estrogen receptors and claudins
are implicated in intracellular signaling activating cell proliferation both in
the norm and in the course of disease. Recent research also involved other
molecules serving as targets for estrogens, e.g. claudin proteins. Change
of clausin expression profiles mediated by sex hormones manifest both in
suppression and replacement of one protein with another. Further study of
cell membrane-associated markers has the potential to provide insights into
tumor biology and aid in the development of new therapeutic approaches for
endometrial cancer.
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Ponib MeMO6paHHbIX KOMMOHEHTOB B MHULIMALIUU
U Nporpeccuu onyxosieBoro pocra nNpu pake aHAOMeTpuUs

WU.B. AtapxaHnoB! 2, O.H. N'ycbkoBal 3, B.I". LLlecTtakoBa*

IOMBE0Y BO «TBepckor rocynapCTBeHHbI MegmumMHCKUin yHusepeuteT» MuHsgpasa Poccun,
(Teepb, Poccuitckas denepaums)
2I'BY3 «TBepckon obnacTHoOM oHkonornyeckuin gucnaHcep» (Teepb, Poccuitickas Pegepauus)
3PBIN'Y3 MCH Ne57 dMBA Poccun (PegkmHo, TBepckas obnactb, Poccuiickas ®enepaums)

AHHOTauuA

B HaACTOsIIeM 0630[)8 MBI IpeJIIPUHSIIN IIOHbITKy CHUCTeMaTU3HUpOoBaTh 3Ha-
yeHue M€M6paHHbIX KOMIIOHEHTOB B MHUITHAIIUU U IIPOTPeCCrUr OHyXOHeBOFO
pocra npu pake sH1oMeTpust. Kitetku, cocrasiisiioriye CyGeTpar oIy XoJIeBoro
pocCTa, IoaABep>XeHbl MHO)KECTBy BSaHMOHeﬁCTBHﬁ KaK Me)KI[y COﬁOﬁ, TaK U
C Ol'IyXOJ'[eBbIM MHKpOOpr}KeHI/IeM. Ha6mo;1aeTcst ynpomeHHe AHTUTeHHOU
CTPYKTYPBbI KJIETOYHON MeMOpaHBI OITyX0JIEBbIX KJIETOK, SKCIIPECCHSI MOJIEKYI,
XapaKTepHBIX B TOM YHCJIe It BMGPHOHHHBHHX TKaHeﬁ, H3MeHeHHe CBOUCTB
MeXXKJIETOYHBIX KOHTAKTOB, ITOAAePKUBAIOIINX SIUTEJIMAJILHBIA TOMeOoCTas.
HHOTHLIE KOHTAKTBI COCTABJIAIOT OCHOBy COXpaHeHUs1 HOpMaHbHOﬁ THUCTO-
APXUTEKTOHUKH. HSMEHQHI/IH HUux CBOf[CTB, BbIpa’XeHHbIe B 3aMeHe OJHHUX
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KOMIIOHEHTOB IDYyTHUMH, OIIpeflelItOT MeXaHuYeckre CBOMCTBA OIyXOJIeBbIX
KJIETOK, /i1l KOTOPBIX XapaKTepHbl MHBAa3UBHbIA POCT U MeTacTa3UpOBaHUe.
IToMrMO 3TOrO, KOMIIOHEHTHI IUIOTHBIX KOHTAKTOB SIBJISIFOTCSl Y4aCTHUKaMU
BHYTPHKIJIETOYHBIX ITyTell Nlepesiauu curHana. [lepcriekTUBHBIMHY, Ha Halll
B3IJISA]], BBINISIAST MCCIIeIOBaHUs POJIU GeJIKOB-KJIay[IUHOB, SIBJISIOIIUXCS
KOMIIOHEHTaMH IUIOTHBIX COeflMHeHUH. B 3ToM 0630pe MBI cobpaiu uMero-
1IMecs: CBeJleHHs O KJIay[lMHax Kak O KOMIIOHEHTax KJIeTOYHBIX KOHTAKTOB
Y y4aCTHUKaX BHYTPUKIIETOYHOM CUTHanu3anuu. B marorenese sHuoMe-
TPHUAJILHOTO paKa HeMaJloBaXKHOW XapaKTepUCTUKOM SIBIISIeTCS 3MUTeNrallb-
HO-Me3eHXHUMaJbHas TpaHcopmanus (OMT), mupoko npescraBiieHHas B
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HOpMaJIbHBIX TKaHSIX B IIpOIleccax, CBSI3aHHbIX C pernapanueil. Mamenenue
XapakTepuCTuK E-kanrepusa u f-KaTeHWHa He MOIVIO ObITh He pACCMOTPEHO
B paMkax obcyxnenus poimi OMT B mporpeccuu paka sunoMerpust. Kpome
TOTO, MCCIIe[loBaTelIu BCe Oonblle 06palaloT BHUMaHye Ha E-Ka/irepuH Kak
KOMIIOHEHT ITyTell aKTHUBAI[UM OHKOI'eHOB. MI3BeCTHO, 4TO B OCHOBe 3H/IOMe-
TPUAJILHOTO paKa | THIa JIeXXuT runepscTporeHeMust (BbICOKHE ChIBOPOTOY-
Hble YPOBH 3CTPOreHoB). PenienTopsl acTporeHa, 6eccriopHo, BKIIIOYEHBl BO
BHYTPHUKJIETOYHYIO CUTHA/IM3alMIO, aKTUBUPYIOIIYO ITPOIHepaliio KJIeTOK
B HOpMe U narosoruy. Kpome Toro, HeflaBHUe MCCIle[JOBAaHUS yKa3bIBalOT HA
JIpyTye TapreTHble JUIsl 3CTPOTeHOB MOJIeKyIIbl. TakoBBIMU SIBIISIFOTCS KJIay/iu-

Hbl. M3MeHeHme npoduiel SKCIIpeccry KIIAyIMHOB I10]] BJIMSIHHEM ITOJIOBBIX
TOPMOHOB BBIPAXXAIOTCS KaK B CHIDKEHHH, TaK U B 3aMellleHHH OIHOTo Oesika
npyruM. HecomHeHHo, nanbHelIee n3yyeHre MapKepoB, aCCOITMMPOBAHHBIX
C KJIETOYHOM MeMOpaHOM, MOXeT yTOYHUTH OUOIOTHYeCcKre CBOMCTBA OITyX0-
JIM ¥ CITY)KUTh OCHOBOM MOWCKA TapreTHBIX MOJIEKYII JUIsl pa3paboTKU HOBBIX
IyTel Teparyy paka SHIOMeTpHs.

KirroueBble c10Ba: pak SH0MeTpysl; MeMOpaHHbIe KOMITIOHEHTB!; MHUIUAIIS;
MIPOTPeccHsl; KJIeTOYHbIe KOHTAKTHI; KJIay[IMHbL; E-Ka/irepys; f-KaTeHVH; Ty TH
BHYTPHUKJIETOYHOM CUTHA/IM3AIUH; TUIIeP3CTPOreHeMHus.
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m BACKGROUND
In 2023, in the Russian Federation there were 29,233

registered cases of endometrial cancer. According to the
evaluation of the P.A. Herzen Moscow Scientific and Research
Oncological Institute, it amounts to 8.0% of the total malignant
tumor rate in Russian women. Endometrial cancer accounts for
37.34 cases per 100,000 population, and the average annual
increase rate is 1.89%. Mortality from uterine malignant
neoplasms, excluding cervical cancer, increases with age,
starting from the age group of 25-29 years and reaching its
maximum in the age group of 65-69 years at 6.59% [1]. In
recent years, there has been some decrease in the overall
mortality rate from endometrial carcinoma (EC) [2].

Following the pathogenetic criteria, there are two
types of EC. Type I EC develops against a background of
hyperestrogenemia (approx. 80% cases). It is preceded
by atypical glandular hyperplasia of the endometrium
/ endometriosis intra-epithelial neoplasia. Type II EC
develops against a background of endometrial atrophy in
the absence of hyperestrogenemia, includes serous-papillary
and clear cell types, and is more aggressive and estrogen-
independent. Surgery remains the main method of treatment
of uterine malignant neoplasms. In addition to hysterectomy,
neoadjuvant chemotherapy is used, and approaches to targeted
therapy based on tumor heterogeneity are being developed.
There is evidence, based on tumor genome analysis (The
Cancer Genome Atlas, TCGA), indicating heterogeneity in
the genetic characteristics of endometrial carcinoma. The
analysis identified the following molecular and genetic
subtypes of EC: Group 1, POLE-ultramutated EC, associated
with a favorable prognosis; Group 2, EC with microsatellite
instability (MSI), showing intermediate prognosis; Group
3, EC with low copy-number alterations, also associated
with intermediate prognosis; Group 4, EC with high copy-
number alterations and TP53 mutations, associated with poor
prognosis [3].

Considering the foregoing, there is practical interest in
looking for targets to develop targeted therapy of endometrial
adenocarcinoma.

www.innoscience.ru

The tumor consists of several key components, including
the tumor parenchyma itself, its microenvironment (the
stroma, immune system cells, and tissues providing trophic
support and drainage for the tumor substrate, blood and
lymphatic vessels). Most targeted therapy drugs under
development focus on direct and/or indirect effects on tumor-
specific biomarkers.

The cells comprising the substrate of the tumor growth are
subject to a multitude of interactions between one another and
their microenvironment. Such interactions are often corrupt
making the tissue differentiation go back to the early stages
of ontogenesis. Along with a simplification of the antigen
structure of the cell membrane of the tumor cells, molecules
are expressed that are characteristic for embryonal tissue.
Interactions of cells with one another are also of importance,
since they support the epithelial homeostasis.

This review is an attempt at systematizing the existing data
on the changes in the structure of intercellular interaction
(junctions) and cell interaction with their environment
matrix, and their role in the pathogenesis of the endometrial
carcinoma.

m STRUCTURE AND FUNCTION
OF MEMBRANE COMPONENTS IN
NORMAL ENDOMETRIUM AND DURING
PHYSIOLOGICAL REGENERATION

Cell Junctions

The primary participants in cellular interactions within
tissues are intercellular junctions. These consist of protein
molecules with distinct characteristics, each performing a
specific function. Intercellular junctions connect cells to
one another to maintain cellular polarity, stability, and the
integrity of glandular structures. By preserving the polarity
of the cell layer, intercellular junctions play a crucial role in
regulating their mobility relative to the basement membrane.

Tight junctions, hemidesmosoma
Tight junctions are located in the uppermost part of
the lateral cell membrane of two adjacent cells, thereby
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regulating intercellular transport between cells (gate
function) and maintaining apicobasal polarity (fence
function). Tricellular tight junctions (tTJs) are formed in
the intercellular contacts of three neighboring cells near
their apical surfaces and are seen in polarized epithelia [4].
Tight junctions consist of three main membrane proteins:
occludins, claudins, and adherens junctions molecules.
The claudins are likely crucial in the protective and barrier
functions of the junctions, intercellular differentiation, and
support of epithelial polarity.

The hemidemosoma connect the intracellular filaments
with the basal plate. Tricellulin (TRIC) was the first identified
molecular component of tricellular tight junctions, and
the Angulin-1/LSR, the novel integral membrane protein
localized at tricellular tight junctions (tTJs).

Claudin proteins

Claudins (claudin-1, -2, -3, -4, -5, -7) are synthesized
in endometrial epithelial cells and serve as components of
tight junctions. Their secretion normally increases during the
secretory phase of the endometrium.

E-cadherin and p-catenin are synthesized on the lateral
membrane of glandular epithelial cells during the proliferative
and early secretory phases, with protein synthesis decreasing
during the secretory phase. E-cadherin represents one of the
key epithelial adhesion molecules that plays a critical role
in maintaining both cellular polarity and suppression of
epithelial-mesenchymal transition (EMT) processes.

Adherens junctions

Adherens junctions and desmosomes interconnect
adjacent cells. While adherens junctions are associated
with intracellular actin bundles, desmosomes are linked to
intermediate filaments.

Gap junctions

Gap junctions are intercellular membrane channels that
directly connect the cytoplasm of adjacent cells, enabling the
exchange of ions, second messengers, and small metabolites.
Each gap junction channel consists of two hemichannels
(connexons), with each hemichannel composed of six protein
subunits (connexins).

The proteins of gap junctions are connexins Cx26,
Cx32, Cx43. The increase of connexin Cx26 synthesis is
seen in the epithelial cells of the endometrium during the
proliferative phase, but the synthesis stops in the secretory
phase [5]. Unlike tight and adherens junctions, the gap
junctions are present in the stromal cells of the endometrium.
These channels consist of the Cx43 protein. Similar to other
connexins of the endometrium, the level of the Cx43 in the
stromal cells of the endometrium also decreases during the
secretory phase [6].

Normal EMT

The epithelial-mesenchymal transition (EMT) process is
an important property of a healthy endometrium securing its
physiological function. The EMT processes are well studies
in the embryonal development, at the same time, there appear
numerous proof of importance of these processes for the
phenotypical and functional flexibility of the endometrium
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vital for the successful decidualization, regeneration and
reepithelization, and embryo implantation [7].

Contact inhibition

Epithelial homeostasis is maintained through cellular
polarity and cell density. Disruptions of these processes lead
to malignant transformation of normal epithelia. Epithelial
cells exhibit contact inhibition, a mechanism that arrests cell
division and motility. Here, “cell motility” refers to the ability
of individual cells to lose apicobasal polarity, undergo genetic
rearrangements that drive cytoskeletal reorganization, and
acquire an invasive phenotype [8]. It ensures tissue reparation
in the process of normal physiological processes and in the
response to damage.

m ENDOMETRIUM FUNCTION IN
MALIGNANT TRANSFORMATIONS

Molecular mechanisms of malignant transformation
of epithelia include the PAR3 (partitioning defective),
TGF-p (tumor-growth factor) and Hippo-signal pathways.
The mutations of the KRAS protooncogene are found in
almost 25% of adenocarcinomas including the endometrial
carcinoma and endometriosis (adenomyosis).

Alterations in tumor cell motility in endometrial carcinoma
have been extensively studied using the Sawano cell line. This
line was established from uterine endometrial adenocarcinoma
and carries a heterozygous KRAS G13D mutation with wild-
type BRaf. Sawano cells exhibit high horizontal motility at low
cell density, while at high cell density, their growth and motility
are temporarily arrested due to contact inhibition. Under high-
density conditions, this cell line initiated multilayered growth.
Furthermore, in the presence of MAPK (mitogen-activated
protein kinase) inhibitors, the cells maintained a highly
differentiated state [9].

It is worthwhile focusing on these factors and analyze the
structure of tricellular junctions. We have identified claudin
proteins, occluding and adherens junctions as the main
contributors to tight junctions. The transmembrane protein
Angulin-1, a component of tTJs, is to be focused on.

Tricellular tight junctions, macropinocytosis,
Angulin-1/LSR

Current evidence indicates tumor progression in colorectal
cancer, pancreatic cancer, and lung adenocarcinoma cell
lines, mediated through EGF-dependent claudin-2 and TGF-
(-dependent angulin-1/LSR pathways [10, 11].

In the tissues of the endometrioid endometrial carcinoma,
as well as in the endometriosis tissues, the angulin-1/LSR
is located not only in the subapical zone but on the lateral
surface of the membrane as well. There is evidence as to
simultaneous decrease of expression of this protein with the
growth of malignancy potential of endometrial carcinoma.
The decreased expression of the angulin-1/LSR is seen
in phases G2 and G3 of the cellular cycle in the cells of
the endometrioid endometrial carcinoma, and the TRiC
(T-complex protein Ring Complex) decreases as early as in
G1 phase.

The apoptosis-stimulating protein of p53-2 (ASPP2) is an
inducer of apoptosis that functions through binding with p53
and the epithelial polarity factor PAR3. ASPP2 suppression
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promotes cell migration and invasion, downregulates LSR
expression, and upregulates phosphorylated YAP as well as
claudin-1, -4, and -7 expression with comparable efficiency
to LSR loss [12].

The PARD3 gene belongs to the par-3 family acting as
regulators of cell polarity. The adaptor protein plays a crucial
role in regulating asymmetric cell division and polarization
processes in epithelial cells. Evidence suggests it serves as a
key component of epithelial tight junctions [13]. In a study
utilizing small interfering RNAs (siRNAs), J. Peng et al.
(2021) demonstrated that transfection of HEC-1A cells with
si-Par3 resulted in tight junction shortening, which enhanced
tumor cell migration and invasion.

Using the Sawano EEC cell line, the authors also
demonstrated impaired epithelial barrier function along with
increased tumor cell proliferation, migration, and invasion
[14].

T. Kohno, T. Kojima (2022) performed studies
demonstrating the LSR ligand role in the regulation of
cellular motility through atypical macropinocytosys [9].
Macropinocytosis is an actin-driven process of nonspecific
uptake of micrometer-sized (visible by light microscopy)
extracellular droplets. This process has been described in
mammalian cells, among others [16]. Macropinocytosis serves
as an important mechanism for nonspecific internalization of
extracellular components [17]. In the recent years, additional
functions of macropinocytosys were identified, such as
intracellular drug introduction pathway, bacterial and viral
infection, and nutrient consumption pathway by tumor cells.
The LSR ligand is a fragment of the C-terminal peptide of
the B-subunit of the Clostridium perfringens -toxin. In the
Sawano and HPAC cell lines, the LSR downregulates the
expression on of the latter and causes the barrier function to
decrease resulting in an increased malignant transformation
of the cells. In a monolayer of Sawano cells with a preserved
mechanism of contact inhibition in the conditions of high
cell density, the introduction of the LSR ligand leads to a
transient fast enhancement of the horizontal motility of the
cells. This process requires micropinocytosis initiated by
the emergence of a gap between neighboring cells. LSR-
ligand-driven pinocytosis does not occur neither in the
apical nor in the basal membranes. Besides, in the course of
accumulation of the macropinosomas there was not observed
a significant accumulation of actine filaments. In the presence
of the quinolinic inhibitor Racl (NSC23766) or in the cells
expressing the dominant-suppressed Racl, LSR-ligand-
driven macropinocytosis is suppressed. The activity of Rac
is required to activate the JNK (c-Jun N-terminal kinase)
and instrumental in the subsequent enhancement of cell
motility. In the Sawano cells, stimulation with the LSR ligand
enhances cell motility through JNK activation. The JNK
inhibitors, or silencing of the JNK gene not only suppresses
the cell motility but also inhibits macropinocytosis [15].

EMT, loss of E-cadhedrin
Transforming growth factor (TGF)-p is a pleiotropic
cytokine regulating the growth, differentiation, apoptosis,

migration, cell adhesion and immune response. TGF-p
activates the Smad-signal pathway through two its receptors
on the cell membrane (TPRII and ALK5/TBRI), resulting
in the Smad-mediated transcription regulation [18]. The
analysis of potential candidates of prognostic factors of
clinical outcomes demonstrates a correlation between the
expression of TGF-p and its receptor and survivability in
endometrial cancer. It was shown that the high expression of
TGF-p and its receptor TGFB1 correlates with a low overall
survival [19]. K. Horiguchi et al. (2009) showed that TGF-f
induces transcription of Snail through KRas-signaling, which
results in the epithelial-mesenchymal transformation in the
pancreatic carcinoma cells Panc-1 and HeLa cells [20].
This indicates, in the first place, a correlation of the Ras-
signal pathway, Hedhehog-pathway and EMT; in the second
place, it sheds some light on the dual role of TGF-f in the
carcinogenesis.

LEF-1 is a component of the TCF/LEF-1, the factor
associated with some types of malignant neoplasms,
specifically, colorectal cancer [21]. In the endometrium,
the LEF-1 is expressed in the norm!. In mouse experiments,
D.N. Shelton et al. (2012) demonstrated that the expression
profiles of LEF-1 and Cyclin D1—a known proliferation
marker and target of the Wnt/B-catenin/LEF-1 signaling
pathway—coincided and peaked during proestrus (equivalent
to the human endometrial proliferative phase and ovarian
follicular phase), corresponding to conditions of elevated
estradiol (E2) levels [22].

Epithelial cell adhesion molecule (EpCAM) is a membrane
protein known to function as an mediator in the intercellular
interaction and cell and intercellular matrix interaction. The
current data as to the role of EpCAM hyperexpression are
contradictory: on the one hand, EpCAM is supporting the
normal histoarchitecture of epithelia, on the other hand, the
adherens molecule might activate the intracellular pathways
promoting cell invasion [23, 24]. Y.T. Hsu et al. (2016) report
that the EpCAM integral protein is split into the extra- and
intracellular domains (EpEX and EpICD, respectively) when
induced by activated EGFR. The EpICD, subjected to nuclear
translocation, together with the LEF-1 acts as activator of
transcription of target genes responsible for epithelial-
mesenchymal transformation [25].

G-protein-coupled receptor 64 (GPR64) is a member of
the GPCR family. GPR64 was identified as the target gene of
the p-catenin/T-cell factor (TCF) in the ovarian endometrioid
adenocarcinoma. It was shown that the downregulated
expression of GPR64 together with the deletion of the GPR64
gene increases the malignant potential of the tumor and
upregulates the processes of cell proliferation, migration and
invasion; GPR64 regulates expression of Cx43 and activity of
AMP-activated protein kinase (AMPK) in the endometrium
cancer cells [26].

The Hippo-signal pathway is an important contributor
to the maintenance of cellular polarity and density of the
cell layer; the inactivation of the pathway may result in
the increase of cell proliferation and decrease of apoptosis
this leading to the tumor genesis and progression [27].

1The Human Protein Atlas [Internet]. Tissue expression of LEF1. Staining in endometrium. 2000 [cited 2025 Feb 12]; [about 2 p.].

Available from https://www.proteinatlas.org/ENSG00000138795-LEF 1/tissue/endometrium
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The nuclear component of this signaling pathway is also
regulated by multiple other pathways. Inactivation of the
Hippo signaling pathway triggers activation of its primary
effector oncogenes, YAP/TAZ, which in turn promote
tumor invasion, migration, and proliferation in endometrial
cancer [28]. YAP/TAZ are transcriptional coactivators that
move between the cytoplasm and the nucleus, where they
recognize the cis-regulatory elements and interact with other
transcription factors, specifically, with members of the TEA
domain family (TEAD). Emerging evidence clarifies the
crosstalk between the Wnt-signaling pathway that governs
(-catenin accumulation and activity (canonical pathway) and
the transcriptional coactivator TAZ [29, 30].

Various signaling pathways, including Wnt/f-catenin-
and Notch-pathways, induce the EMT and downregulate
the expression of E-cadhedrin. The experiment on the HEC-
1A, HEC-1B, KLE cell lines of the endometrial carcinoma
showed that the knockdown of the fibulin-4 gene may bring
about the activation of the Wnt-pathway and promote the
EMT. Upregulation of the fibulin-4 expression may suppress
the Wnt-pathway and prevent the EMT, but this question calls
for further research [31, 32]. In the HeLa cervical cancer
cells, the overexpression of EFEMP1 (EGF-containing
fibulin-like extracellular matrix protein 1), also known as
fibulin-3, results in the enhancement of angiogenesis and
progression of tumor growth through the VEGF-pathway
[33]. Besides, EMP undergoes regression under the influence
of other inhibitors of the Wnt-signaling pathway.

The Hedhehog-signaling pathway ensures the proper
cell differentiation in the embryo. Its disruptions in the
embryogenesis account for the teratogenic effect. Its role
in the adult organism however is completely opposite: the
activation of the Hedhehog-pathway has proven relation
with the development of malignant neoplasms of the brain,
lungs, mammary glands, prostate, and skin. The activation of
the Hedgehog-signaling pathway results in the upregulation
of expression of the Snail protein and downregulation of
E-cadhedrin and tight junctions [34].

Claudin proteins

The family of claudin proteins is an integral part of tight
junctions. Claudins are considered to be instrumental in the
processes of maintenance of cell polarity, cell monolayer and
EMT regulation, since their loss promotes destruction of cell
junctions. Abnormal expression of claudin proteins affects
cancer progression in several ways: firstly, changes in claudin
expression lead to disruption and leakage of tight junctions,
which promotes tumor metastasis and invasion; secondly, loss
of cell polarity increases the delivery of nutrients and growth
factors to the tumor and enhances the invasive potential of
tumor cells; thirdly, reduced intercellular adhesion increases
the risk of metastasis and promotes tumor invasion [35].

In endometrial adenocarcinoma, overexpression of
claudins-3 and -4 directly correlates with tumor grade. A
significant increase in levels of claudins-1, -3, -4, and -7
compared to normal endometrial cells is observed in serous-
papillary endometrial carcinoma, the most aggressive variant
of type II estrogen-independent endometrial carcinoma.
These tumor cells show decreased synthesis of claudins-2
and -5 [36].
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The abnormal expression of the claudin-6 protein may
result in disruption of integrity of tight junctions through
various mechanisms; it is a factor in the tumor genesis and
progression [37]. Available data indicate that claudin-6 is
normally expressed in embryonic tissues of the stomach,
lungs, and kidneys, but is not detected in healthy adult human
tissues. [38, 39]. Other research, however, does not prove
this thesis, and the mechanisms of claudin-6 expression
regulation remain understudies and contradictory [40].

Claudin-6 is known to be expressed in various tumors
and to play an important role in the tumor growth genesis
and progression. Increased expression of claudin-6 has been
demonstrated in endometrial carcinoma. Knockdown of the
CLDNG6 gene may suppress proliferation and migration of the
HEC-1-B endometrial carcinoma cell line through the PIZK/
Akt/mTOR signaling pathway [41].

In epidemiological studies, C. Zhang et al. (2021)
demonstrated that high claudin-6 expression serves as
an independent prognostic factor for worse recurrence-
free survival in endometrial cancer within the following
clinical subgroups: age over 60 years; body weight over 80
kg; body mass index above 30; FIGO Grade IB or higher;
postmenopausal status; large residual tumor after neoadjuvant
chemoradiotherapy [42].

The influence of sex hormones on the expression of tight
junction proteins, including claudins, is of interest. Thus,
M. Someya et al. (2013) report that estradiol (E2) induces
overexpression of claudin-3 and -4. Effects opposite to those
described, i.e., a decrease in conditional ‘pro-oncogenic’
claudins, are mediated by progesterone (P4) stimulation.
Barrier and fence functions in Sawano endometrial cancer
cells were reduced under high-dose E2 exposure. These results
indicate an increase in claudin-3 and -4 that do not fulfill tight
junction functions under E2 influence in the pathogenesis of
endometrial adenocarcinoma [41]. The question of biphasic
effect of estradiol on claudin-4 expression remains debated
[43, 44]. The biphasic effect of estradiol, within the scope of
influence on the expression of tight junction proteins under
consideration, is manifested in the increased expression of
claudin-4 mediated by low doses of E2 and its suppression
by high doses of estradiol.

It is necessary to explain the differences between the barrier
and fence functions of tight junctions. The barrier function
is defined by the ability of tight junctions to regulate the
diffusion of soluble substances through intercellular spaces.
Examples include hormones such as the aforementioned
E2 and P4. The fence function of tight junctions consists
in their ability to prevent mixing of molecules from the
apical membrane domain with molecules of the lateral cell
membrane surface.

The increased expression of claudin-3 induced by E2
is suppressed by the MAPK pathway inhibitor U0126. A
decrease in claudin-4 expression is also observed under
conditions of inhibited intracellular signaling through both
the MAPK pathway and Hedgehog pathway (inhibitor:
cyclopamine).

It has been established that estrogens regulate claudin-6
expression at the transcriptional level through estrogen
receptor beta (ER-p). ER-f activation can trigger tumor cell
autophagy via claudin-6 overexpression and inhibit migration
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and invasion in breast cancer cells. There are other claudin
family proteins whose expression is altered by sex hormones
(Fig. 1).

Connexin proteins

Disruption of gap junction contacts, or aberrant connexin
expression, represents one of the key mechanisms in
carcinogenesis. In endometrial carcinoma cells with
hyperplasia, the synthesis of Cx26 and Cx32 proteins, as well
as Cx43 in endometrial stromal cells, is reduced, leading to
impaired gap junction intercellular communication. Studies
indicate that dysregulation of gap junction intercellular
communication may occur at relatively early stages of
endometrial carcinogenesis. The correlation between
reduced connexin synthesis and cancer progression is
supported by the fact that estrogen receptor-alpha activation,
a major etiological factor in endometrial hyperplasia
and adenocarcinoma development, disrupts gap junction
communication and downregulates expression of connexins
Cx26 and Cx32 in endometrial carcinoma cells [45].

m CONCLUSION

The classical understanding of endometrial cancer
pathogenesis describes it as a condition arising from
abnormally high proliferative activity of glandular structures
under the influence of external and internal factors. The
primary contributing factors include sex hormones, directly
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affecting cellular metabolism in cells expressing nuclear
estrogen and progesterone receptors. Another significant
factor of excessive proliferation is local hypoxia. It occurs
in various pathological processes, such as inflammation, local
and systemic circulatory disorders, and impaired nutrient
utilization, which force cells to switch to anaerobic glycolysis
and beta-oxidation of lipids, which in turn become major
sources of free radicals in cells.

In addition to the aforementioned factors, attention should
be paid to the intrinsic properties of epithelial cells that
contribute to maintaining normal histoarchitecture. We have
attempted to compile data on the relationship between widely
expressed molecular components supporting homeostasis,
such as EGFR, and minor specialized components involved
in maintaining cellular polarity and monolayer organization.

Identification of molecular disorders occurring in the
tumor cells allows clarification of biological properties of the
tumor, their role and place in the tumor growth pathogenesis
and prognostic significance. While some molecules acts as
potential malignancy markers, others may indicate degree of
malignity, serve as outcome predictors or as direct targets for
targeted treatment with drug.

For the diagnosis of endometrial cancer, the following
markers are clinically significant in practice: tumor
suppression markers (p53), differential diagnostic markers
for determining histogenesis (p16), tumor receptor profile
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markers, tumor proliferative potential markers, and specific
antigen markers.

Intercellular contacts mediate interactions between tumor
cells and their microenvironment. We have attempted to
summarize available data on tumor cell interactions with the
external environment and metabolic changes that enhance
proliferation, invasion, and metastatic potential.

Development of classification of endometrial carcinoma
based on the alteration of cellular junction protein alterations
might be an interesting task in the study of this pathology.
There exist epidemiological data, albeit unsystematized,
that indicate differences in the survival of patients with
endometrial cancer and various profiles of claudim cadhedrin
proteins and other cellular adhesion molecule expression.

We believe that an association exists between altered
E-cadherin expression patterns in tumor cells in EEC and
increased cellular motility. In our opinion, such patterns are

to include loss of E-cadhedrin expression near the apical
membrane and its preservation only along the basolateral
surface of the cells undergoing malignant transformation.
Considering the important role of EMT in carcinogenesis in
EEC it might be allowed that the combination of E-cadhedrin
loss near the apical membrane and the aberrations in
claudin expression (replacement of one claudin type with
another, loss of claudins normal for the type of tissue) are
to be considered molecular pattern of a risk of malignant
transformation. It is suggested that data on alterations in the
structure and function of intercellular junctions will have
the highest clinical relevance when examining diagnostic
specimens (scrapings). Further detailed investigation of the
clinicopathological role of intercellular junction molecules
will help clarify the biological properties of tumors and
facilitate the development of drugs targeting this aspect of
tumor growth. =
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