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PE3IOME

Paxk ssmuHMKa IPUHATO paccMaTpUBaTh Kak HanOoJee 3710KauYeCTBEHHYTO M arPECCHBHYIO OITyXOJIb )KeHCKOH perpo-
JIYKTHBHOH CHCTEMBI, 4YTO BO MHOTOM CBSI3aHO C pAHHHM Pa3BUTHEM 3JI0KAa4€CTBEHHOTO aCIIUTA U IEPUTOHEATBHO-
T0 KaHrepomarosa. OmyxoneBsle KIETKH, IIPECTaBISIOMINE IEPBIYHBIN 04ar, a TakXKe COIepP KaIHecs B COCTaBe
ACIUTUYECKOH JKUIKOCTH, KpaifHe TeTepOreHHBI ¢ MOP(OIOTHIECKON, IMMYHOTHCTOXUMHIECKOH U MOJEKYJIISIp-
HO-TEHETUYECKOH MO3UIUH. 3HAYNMYIO POJIb B MPOIEccax caMOOOHOBICHUS OITyXOIIH, e¢ U HepeHIINPOBKH, Me-
TacTa3HPOBAHUS M PA3BUTHS XUMHOPE3UCTEHCTHOCTH UTPAIOT OIyXOJIEBBIE CTBOJIOBEIC KICTKH.

Hacrosiuii 0630p HarmpaBiieH Ha 0000IICHHEe HMEIOLIMXCS JAHHBIX O CTBOJIOBBIX OIYXOJIEBBIX KIIETKaX paKa siid-
HHUKOB M UX POJIH B OMyXO0JIeBOi nporpeccun. [Ipyu HanucaHuu o630pa mnposeeH OMOoMH(OPMAIHOHHBIN TOKCK B
yHuBepcanbHbIX 0a3ax nqanHbeix PubMed, NCBI, Google Scholar u eLibrary ¢ npiMeHeHHEM ClIeyOMnX KIoue-
BBIX CJIOB JUTsI TOMCKa: cancer stem cells, ovarian cancer, malignant ascites, hemoresistance u T.11.

IMpe/cTaBlicHHbIC AaHHBIC MMO3BOJIIFOT BCECTOPOHHE OXapaKTepHU30BaTh POJIb CTBOJIOBBIX CBOWCTB OIMYXOJICBBIX
KJICTOK paka suuHuKa. V3noxkeHa aktyaibHas HHPOPMALUI O MOJICKYJISIPHO-0HOJIOTHYECKHUX MapaMeTpax CTBO-
JIOBBIX OITYXOJICBBIX KJIETOK paKa sIMYHUKA, TPE/ICTABIISAIONIMX KICTOUYHbBIH KOMIOHCHT 3JI0Ka4ECTBEHHOTO acI|Ta,
C IPHBEJCHUEM JaHHBIX COOCTBEHHBIX MCCIeA0BaHMi. OTpaKeHbl COBPEMEHHBIC MPE/ICTABICHUS O MEXaHU3MaX
(opMUPOBaHHs KIETOYHBIX C(PEPOHIOB U UX BKIIAE B IPOrPECCUPOBAHIE OIIYX0JIEBOTO MPOLiecca.

OHyXOHeBBIe CTBOJIOBBIC KJICTKU SABJIAKOTCSA KpaﬁHe HepCHeKTHBHOﬁ MHUIICHBIO B CO3JaHUHN 6yZ[yHII/IX TCparceBTU-
YECKHUX CTpaTerHﬁ, OCHOBAHHBIX HAa U3Yy4YC€HUHN CUTHAJIbHBIX HyTeﬁ B CTBOJIOBBIX KJICTKAaX paKa IMIYHUKOB, MEXaHU3-
Max O6pa30BaHI/I$I C(i)epOPIIIOB, a TaK¥XK€ BKJIa/IC¢ UMMYHHBIX KJICTOK B HpI/I06peTeHI/Ie CTBOJIOBBIX CBOWMCTB OITYyXOJIH.

KuroueBble ciioBa: paK sn9YHUKa, OIIYXOJICBbIE CTBOJIOBBIC KJIETKH, 3JI0Ka4eCTBCHHBIN aClUT, OITYXOJIEBBIC cq)epo—
Hbl, XUMHOPE3UCTECHTHOCTDH
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INTRODUCTION

Ovarian cancer (OC) is an extremely malignant
and the most aggressive tumor among all neoplasms
of the female reproductive system. Tumor progres-
sion is accompanied by early development of malig-
nant ascites with metastatic spread of the tumor to the
abdominal organs [1]. The modern stem cell theory

of cancer postulates that cancer stem cells (CSCs) are
responsible for self-renewal, differentiation, metas-
tasis, and development of chemotherapy resistance.
By their nature, CSCs are capable of symmetric and
asymmetric division with subsequent differentiation
of tumor subclone(s), which contributes to phenotypic
and functional heterogeneity in the hierarchical orga-
nization of tumors [2].
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CANCER STEM CELL MARKERS IN OVARIAN
CANCER

It should be noted that identification of CSC prop-
erties in cancer patients is rather challenging due to
the lack of a universal marker or panel of markers.
Currently, there is a wide variety of proteins whose
expression is considered as a sign of stem cell-like
properties in these cells (Table 1).

Table 1
Cancer stem cell markers in ovarian cancer
Marker Description Reference
CDl1 3.3 . Glycosylated trapsmembrane 3]
(prominin-1) protein
CD44 Hyaluronic acid receptor [4, 5]
CD24 P-selectin ligand [6]
CD177 Type III tyrosine kinase receptor [7]
MyDS8 TIR dom:iir;-pct(())rrlt;ir(l)itzigncytosolic [8-10]
o | Gl et tomonnie [
ALDH] denyden o catbonylc scide | 11213
CXCR4 CXCL12 chemokine receptor [14-16]
Nanog Transcription factor [17-19]
SOX2 Transcription factor [20, 21]
OCT4 Transcription factor [22]

A number of diagnostic markers proved useful
for isolating ovarian CSC subpopulations, includ-
ing CD133+ [23, 24] CD133+ ALDH+ [25], CD44+
CDI117+ [7], EpCAM [26].

EpCAM, a calcium-independent homotypic epi-
thelial cell adhesion molecule, is a type I transmem-
brane glycoprotein expressed by subpopulations of
normal epithelial cells and numerous stem cells, in-
cluding ovarian CSCs [11, 27]. It was shown in vivo
that EpCAM-positive tumor cells isolated from the
remaining ovarian carcinoma cell population have
greater tumorigenic potential in comparison with Ep-
CAM-negative tumor cells [28].

CD133 is a glycosylated transmembrane protein
which is encoded by the PROM1 gene. The physio-
logical function of this protein is not fully understood
to date, but it was shown that this receptor is actively
involved in modulating tumor spread and develop-
ing drug resistance of the tumor. CD133 is one of

the most studied CSC markers of ovarian, colon,
prostate, and lung cancer [3]. Y.J. Lee et al. (2016)
demonstrated a correlation of CD133 expression with
tumor differentiation. The CD133 expression score
in grade III tumors (high-grade tumors) was sig-
nificantly higher than in grade I tumors (low-grade
tumors) [5].

ALDHI1 is a member of the family of enzymes that
catalyze oxidation of aldehydes to carboxylic acids.
Metabolic activity of this enzyme was detected by the
ALDEFLUOR assay in identifying CSCs in a num-
ber of solid tumors. High ALDH1 expression is sig-
nificantly associated with poor clinical outcomes in
serous ovarian cancer. Currently, ALDH is used as a
CSC marker in ovarian cancer [12, 13].

CD44 is a receptor for hyaluronic acid and many
other components of the extracellular matrix. CD44
is responsible for cell — cell interactions, adhesion,
and cell migration. The accumulated data indicate that
CD44, especially a CD44v isoform, is a CSC mark-
er in various tumors including ovarian carcinomas.
CD44 is also involved in the regulation of stem cell-
like properties including self-renewal, tumor initia-
tion, metastasis, and chemotherapy and radiotherapy
resistance. In addition, there is ample evidence that
CD44 expression, especially of the CD44v isoform,
correlates with poor patient survival. This is signifi-
cantly an unfavorable prognostic marker. In turn, the
CD44v isoform can be a promising target for targeted
therapy [4, 5].

CD24 is a ligand of P-selectin, an adhesion receptor
on activated endothelial cells. It is often co-expressed
in CD44 and CD133-positive tumor cells in ovarian
carcinomas. CD24-positive tumor cells have a higher
metastatic potential compared to CD24-negative cell
populations. It is important that CD24 induces EMT
that leads to the formation of a highly proliferative
mesenchymal CSC phenotype as well as the develop-
ment of drug resistance of the tumor through the acti-
vation of the PI3K / Akt, NF-xB, and ERK signaling
cascades [29].

Recent studies of ascitic fluid in ovarian cancer pa-
tients by multicolor flow cytometry showed that the
cellular composition of ascitic fluid is heterogeneous.
A big proportion of ascites tumor cells is represented
by atypical / hybrid cell forms with stemness traits,
as well as Epcam+CD45-CD44+CD24+CD133+/-
CSCs both with and without EMT [30]. In addition,
we found that the number of ascites tumor cells with
Epcam+CD45-CD44-CD24+CD133-Ncadherint+ and
Epcam+CD45-CD44-CD24+CD133+Ncadherin+
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phenotypes as well as the number of atypical / hybrid
Epcam+CD45+CD44+CD24+/-CD133+/-Ncadher-
int/- cells have a positive correlation with the carcino-
matosis index [31]. It should be noted that these cells
are CD24-positive.

MyD88 is a TIR domain-containing cytosolic
adaptor protein involved in signal transduction from
Toll-like receptors. Activation of the TLR4 / MyD88
/ NF-xB signaling pathway enhances the aggressive
tumor phenotype and worsens the clinical outcome in
patients with ovarian cancer. Expression of this pro-
tein is often detected in CSCs [8—10].

CD177 is a type 111 tyrosine kinase receptor, which
activates phosphorylation by initiating transcriptional
processes in various cell types. It is involved in the
regulation of cell apoptosis, differentiation, prolifera-
tion, chemotaxis, and adhesion. The receptor is often
expressed in hematopoietic stem cells (HSCs), my-
eloid progenitor cells, pro-B cells, progenitor cells, as
well as in CSCs [7].

CXCRA4 is a chemokine receptor. The receptor is
involved in cell chemotaxis in response to CXCL12
chemokine binding and is used as one of the
markers of ovarian CSCs. It is assumed that CXCR4
is associated with the induction of ovarian cancer
metastasis, as well as poor overall survival of pa-
tients [14-16].

NANOG as a transcription factor is one of the most
important markers used to identify CSCs. It is report-
ed that NANOG mRNA was detected in pluripotent
mouse and human stem cells, but not in differentiat-
ed cells (Chambers et al., 2003). Nanog expression
is known to be statistically higher in CSCs compared
to tumor cells without stemness traits. NANOG is re-
sponsible for morphofunctional plasticity and self-re-
newal of embryonic stem cells through interaction
with other transcription factors, such as SOX-2 and
Oct-4. These genes attach to Octamer / SOX elements
in the NANOG promoter, which leads to activation of
NANOG transcription (Rodda et al., 2005). NANOG
was found to maintain CSC traits through activation
of various signaling pathways, including TGIF-B,
Wnt / B-catenin, JAK / STAT, Notch, and Hedgehog
(Alemohammad et al., 2020). NANOG overexpres-
sion was found in tumors from embryonic cells, which
correlates with cell proliferation, tumor recurrence,
clonal tumor evolution, oncogenicity, invasiveness,
and resistance to treatment, such as chemotherapy and
radiotherapy [17-19].

SOX2 is a member of the SOXB1 transcription
factor family, and its three main domains are the

N-terminal domain, the high mobility group (HMGQG)
domain, and the transactivation domain. SOX2 is
an important marker of CSCs. It was observed that
SOX2 is overexpressed in spheroids as well as in
subsequent generations of cancer cell spheroids.
SOX2 expression is closely associated with chemo-
resistance and a poor prognosis in patients with ovar-
ian cancer [20, 21].

Oct4 transcription factor is expressed in embryonic
stem cells as well as in ovarian CSCs [22].

The analysis of the key stemness-related genes in
CSC subpopulations found new promising markers
closely related to the development of ovarian carcino-
ma including LCP2, FCGR3A, COL1A1, COLI1A2,
MT-CYB, CCTS5, and PAPPA [32].

REGULATION OF STEM CELL-LIKE
PROPERTIES OF OVARIAN CANCER CELLS

To date, many mechanisms of regulation of ovarian
stem cell-like properties have been described. S. Bai
et al. (2021) showed that epidermal growth factor-like
protein 6 (EGFLO6) acts as a stem cell regulatory fac-
tor, promotes asymmetric division of ALDH-positive
ovarian CSCs, and thereby increases tumor cell pro-
liferation in vitro and tumor growth in vivo [33]. El-
F5A2 factor positively regulates ovarian cancer cell
stemness through the E2F1 / KLF4 pathway [34]. The
L1CAM / FGFR1 / SRC / STATS3 signaling pathway
is considered as a new driver of stemness in ovari-
an cancer. LICAM was shown to potentiate several
stemness-related properties in ovarian cancer cells,
including spheroid formation and tumor initiation in
vivo [35]. FOXK2-driven activation of IREla leads
to unconventional splicing of XBP1 and activation
of SOX2, OCT4, NANOG, and ALDH1A1 stemness
pathways [36].

Interestingly, the CSC phenotype is regulated in
particular by the tumor microenvironment. It has been
shown that activation of NF-«xB signaling leads to in-
creased activity of the Wnt signaling pathway, which
leads to dedifferentiation of tumor cells from non-stem
cells into CSCs [37]. Heterospheroids including po-
larized CD206+ M2 macrophages showed increased
aldehyde dehydrogenase (ALDH) activity, which sug-
gests an interaction between CSCs and macrophages
promoting tumor cell activation and self-renewal of
CSCs [38].

Cells of the tumor microenvironment secrete fac-
tors that contribute to the acquisition of stemness traits
in tumor cells, such as KIT ligand and R-spondin as
ligands for CD117 [39] and LGRS [40], respectively.
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INDIVIDUAL CELLS WITH STEM CELL-LIKE
PROPERTIES IN ASCITIC FLUID IN OVARIAN
CANCER

A study by S.O. Genning et al. (2021), which ex-
amined stem cell populations in ascites, showed that
95.5% of CSCs had a CD44+ / CD133- phenotype and
4.5% had a CD44- / CD133+ phenotype. The popu-
lation of CD44+ / CD133+ cells was minor (0.2%)
[41]. In other studies, ascites cells with a high level
of CD44 and CD133 expression, which were obtained
from ovarian cancer patients, had a great potential for
self-renewal and long-term proliferation [42—45].

The co-expression of CD133 and CD44, as well
as the expression of each marker individually was the
highest in tumor cells that were present in ascitic flu-
id of primary human ovarian cancer. In addition, the
expression of CD97, CD104, CD107a, CD121a, and
CD307c¢ was significantly higher in CD133+CD44+
tumor cells of malignant ascites than in primary tumor
cells or metastatic ovarian tumors [5]. In studies by
M. Jager et al. (2012) double staining of ascites cells
in samples obtained by cytospin revealed the presence
of CD133+ / EpCAM+ cells in 100% of the studied
patients [46].

Stemness-related markers can be expressed not
only by classical tumor cells, but also hybrid cells
found in ascitic fluid. Their presence is characteristic
of ovarian carcinoma. M.Z. Akhter et al. (2018) state
that the entire EpCAM+CD45+ population is highly
invasive and consists of ovarian CSCs (CD133+ and
CD117+CD44+) [47]. Another striking finding of this
study is that CSC phenotypes are primarily restricted
to the EpCAM+CD45+ compartment. This does not
allow to deny the existing hypothesis that CSCs arise
due to dysregulation of tissue-specific stem cells [48].

Similar results were obtained in the studies by E. V.
Kaigorodova et al. (2020) that showed high hetero-
geneity of EpCAM+ cells in ascitic fluid of ovarian
cancer patients. A high concentration of these cells
was represented by atypical and hybrid forms of Ep-
CAM+CDA45+ cells with stemness traits [30, 49]. In
addition, another study demonstrated a positive cor-
relation between the number of EpCAM+CD45+ cells
with stemness traits in ascitic fluid and the carcino-
matosis prevalence index in ovarian cancer patients
[31]. It was also revealed that the number of atypi-
cal / hybrid EpCAM+CD45+ cells in ascitic fluid in
patients with borderline ovarian tumors was signifi-
cantly lower than in patients with serous ovarian car-
cinomas (p = 0.02) [50]. A review by E.V. Kaigoro-

dova et al. (2022) suggests theories of hybrid tumor
cell formation, their varieties and characteristics and
shows the role of cancer-associated macrophage-like
cells (CAMLs) and circulating hybrid cells (CHCs) as
tumor biomarkers [51].

The most comprehensive and complex study of
ascites cells in patients with ovarian cancer was per-
formed by B. Izar et al. (2020) [52]. The authors con-
ducted RNA sequencing (scRNA-seq) of individual
cells (approximately 11,000 cells) from 22 ascites
samples obtained from 11 ovarian cancer patients,
while they comprehensively characterized the as-
cites ecosystem in high-grade serous ovarian can-
cer (HGSOC). Eighteen different cell clusters were
annotated, encompassing epithelial cells (5 clusters
labeled by EPCAM, cytokeratins, kallikreins), mac-
rophages (4 clusters labeled by CD14, AIF1, CS-
F1R, CD163) cancer-associated fibroblasts (CAFs)
(4 clusters labeled by PDPN, DCN, and THY1),
dendritic cells (2 clusters labeled by CD1C, CDIE,
CCR7, CDS83), B cells (CD19, CD79A/B), T cells
(CD2, CD3D/E/G), and red blood cells (GATAL, he-
moglobin). Signaling pathways that differed in ma-
lignant cells of each patient were identified among
the five tumor clusters. One cluster of cells contained
distinct markers of stem (ALDH1A3 and CD133 /
PROMI1) and mesenchymal (FN1, ACTA2, and
MYLD9) cells, as well as AXL and its only known li-
gand GASG6, which is associated with drug therapy
resistance [53].

COMPLEXES OF CELLS WITH STEM
CELL-LIKE PROPERTIES IN ASCITIC FLUID
IN OVARIAN CANCER

There is limited information about the study
of stem cell-like properties of individual cells. At
the same time, complexes of cells found in ascites,
which also have stemness traits, are widely described.
Indeed, it is common to distinguish single tumor
cells, cell aggregates, and cell spheroids among the
cellular component of malignant ascites in ovarian
cancer [54].

Moreover, formation of essential spheroids is con-
sidered as a stemness trait. The process of spheroid
formation can be easily observed when cells are cul-
tured in vitro. In patients, however, it is not always
possible to establish whether they were formed from
a single detached cell due to its proliferation, follow-
ing aggregation of individual cells or a release of cell
complexes from the primary tumor.

S.A. Bapat et al. (2005) isolated two tumorigenic
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clones (A2 and A4-T) of CD44+ ovarian stem-like
cancer cells that were capable of forming spheroids
in ascitic fluid. When these cell lines were further
cultured, NESTIN and NANOG were overexpressed
in A2 and A4-T monolayers, while a decrease in the
level of spheroid expression from these cell lines was
noted. The described phenomenon gave the authors
a reason to believe that the formation of spheroids
represents an event of differentiation. In addition, the
spheroids showed expression of markers that may
indicate differentiation into the ovarian surface epi-
thelium (cytokeratin 18 and vimentin), granulosa (cy-
tokeratin 18 and E-cadherin), or germ cells (alkaline
phosphatase, etc.). The differentiation into germ cells
was aberrant [55].

In contrast to the results obtained during the study
of CD44+ / CD24- breast cancer stem cells, the data
obtained by H. Jiang et al. (2012) show that in asci-
tes transformation of CSCs occurs with formation of
a tumor subclone, referred to as side population (SP)
cells. This cell population is more differentiated and
does not correspond to primary cancer cells (non-SP
cells), which is probably due to epithelial — mesen-
chymal transition (EMT) [27]. In addition, the authors
showed that SP ovarian cancer cells showed a lower
invasive potential. In contrast, non-SP ovarian cancer
cells presumably have greater migration and invasive
properties. The authors of the study made a reasonable
assumption that SP cells can be responsible for the in-
teraction between the tumor and tumor microenviron-
ment, which is also determined by their lateral / edge
localization in the tumor focus [28].

A number of questions remain, including whether
the metastatic potential of single cells and spheroids
is the same.

MECHANISMS OF SPHEROID FORMATION
IN ASCITIC FLUID IN OVARIAN CANCER

One hypothesis suggests that multicellular spher-
oids arise from single cells that aggregate in the ab-
dominal cavity [56]. It can be assumed that not all cells
have the ability to aggregate and, perhaps, aggregation
occurs only among cells with certain properties. For
example, CD44 expression through homotypic inter-
actions is known to mediate tumor cell aggregation
and polyclonal metastasis in patient-derived xenograft
models of breast cancer [57]. The intercellular adhe-
sion molecule E-cadherin appears to play a crucial role
in spheroid formation. Indeed, higher expression of
E-cadherin was generally associated with denser and
more compact spheroids [58]. MUC16 and integrin

Blwere also shown to be involved in spheroid forma-
tion [59]. The role of endogenous fibronectin (FN1) in
the process of metastasis was previously demonstrat-
ed in experimental models of ovarian cancer. Using in
vitro model, H.A. Kenny et al. [60] and M.P. Iwanicki
et al. [61] showed that FN1, which is either secreted
by mesothelial cells or ovarian cancer cells, is nec-
essary for tumor spheroids formed by ovarian cancer
cells to survive in the absence of fixation and in an
unsuitable metabolic environment.

An alternative mechanism of spheroid formation
discussed by some authors is that cells separate from
the primary tumor in whole groups (layers of cells),
subsequently forming spheroids [62—64]. The authors
report that spheroids predominantly form as a result of
multicellular detachment from the primary tumor and
are responsible for the development of peritoneal car-
cinomatosis. In addition, it was shown that detached
spheroids after implantation and proliferation of tu-
mor cells form morphological structures correspond-
ing or similar to the patterns of the primary tumor,
while possessing immunophenotypic heterogeneity.

The proportion of tumor cells in spheroids is poorly
understood. Indeed, ascites spheroids in ovarian can-
cer are usually described as heterogeneous cell com-
plexes consisting of a small number of tumor cells and
various types of non-tumor cells [65-68]. In addition,
the proportion of cancer cells in the entire ascites var-
ies in patients and is reported to range from 1% [69] to
approximately 8% [52] of the total cellular component
of malignant ascites.

The role of fibroblasts and macrophages in the for-
mation of tumor spheroids is described in sufficient
detail in the review by M. Rakina et al., which also
discusses the specific functions of fibroblasts, macro-
phages, and T cells in tumor proliferation and implan-
tation in the peritoneum [70].

In Fig. 1, we presented our own scheme of the way
tumor spheroids, which are a part of malignant ascites
in ovarian cancer, are formed. On the basis of the lit-
erature data and our own studies, we can assume two
main mechanisms of tumor spheroid formation. The
first mechanism is due to the proliferation of single
CSCs followed by the formation of a spherical struc-
ture. The second mechanism involves the detachment
of a cell layer containing stem cells from the primary
tumor (Fig. 1). Subsequently, tumor fibroblasts and
M2 macrophages are attached to the spheroid, and
adhesion of non-stem cells to the formed structure
occurs, followed by the dissemination through the ab-
dominal cavity.
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Fig. 1. A contemporary view on the formation of tumor spheroids as a part of malignant ascites in ovarian cancer

CHEMORESISTANCE OF CSCS
AND STRATEGIES TO OVERCOME
ITIN OVARIAN CANCER

The property of excreting cytotoxic substances
from their cytoplasm is characteristic of CSCs, and
on the basis of this property it is possible to identi-
fy them. This property was used in the isolation of
CSCs by fluorescence-assisted cell sorting (FACS).
In in vitro and in vivo experimental models, cells
were incubated with a dye and separated into differ-
ent fractions using FACS based on their ability to
retain the dye. It was shown that cells that excret-
ed most of the dye had more pronounced stemness
traits compared to the rest of the cells. This method
was first used to isolate tumor-initiating cells in acute

myeloid leukemia [71]. Resistance to cisplatin, to-
potecan, and docetaxel was described in tumor cells
forming spheroids [72].

Stimulation of CSC differentiation can be a rath-
er promising approach to ovarian cancer therapy.
Chemotherapy regimens targeting CSCs may be in-
effective since the possibility of proliferation and
dedifferentiation of daughter CSCs can replace the
population of eradicated therapy-sensitive CSCs.
Currently, there are developed approaches to differ-
entiation therapy, for example, using all-trans-ret-
inoic acid in the treatment of acute promyelocytic
leukemia [73]. Similar strategies using bone mor-
phogenetic proteins proved effective in experimental
therapy of gliomas, which led to a decrease in the
number of CSCs [74].
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Some studies discussed that fasudil treatment for
lateral osteosarcoma in murine models induced de-
differentiation of some CSCs caused by the implan-
tation of a cell-line with an inhibited c-Myc gene
(osteosarcoma-mimicking cells). These cells were
capable of trilinear differentiation (into osteocytes,
chondrocytes, and adipocytes). Some of the resis-
tant tumor cells with stem cell-like properties were
transformed into adipocytes under the effect of che-
motherapy, thereby contributing to tumor pathomo-
rphosis [75]. In the literature, there are no data on
differentiating agents for ovarian CSCs, but it was
shown that mullerian inhibitory substance (MIS) or
its mimetic SP600125 specifically inhibit CD44+C-
D24+Epcam+ CSCs in ovarian cancer cell lines de-
rived from ascites cells [27].

The point of impact for systemic therapy for
ovarian cancer, which is aimed at suppressing stem
cell-like properties can be various signaling path-
ways regulating stemness. For example, one of the
mechanisms for the development of chemoresistance
of spheroids derived from the culture of tumor cells
in malignant ascites was demonstrated in vitro. It
consists in the transition of these cellular structures
into the quiescent stage (GO phase) by reducing the
synthesis of B-protein kinases due to inhibition of
AKT (alpha serine / threonine-protein kinase) gene,
which led to increased expression of p130/ RBL2 and
p27Kipl and a decreased SKP2 level. Subsequent-
ly, it was shown that after spheroid adhesion on the
surface optimal for implantation, activation of the

AKT signaling pathway occurs, thereby triggering
tumor cell invasion and proliferation [76]. Two AKT
inhibitors, capivasertib and ipatasertib, are currently
undergoing phase III clinical trials for cancer treat-
ment [77].

A strategy based on destroying or preventing
spheroid formation also seems quite promising. Inhi-
bition of another known Hedgehog signaling pathway
by cyclopamine resulted in the induction of a 10-fold
decrease in spheroid formation in ovarian cancer cell
lines [78]. Nectin-4 peptide 10 (N4-P10) is known to
lead to rapid disruption of spheroid formation in ovar-
ian cancer [78]. The study by S. Rafehi et al. showed
that spheroid formation from cells isolated from as-
cites of ovarian cancer patients was impaired by SB-
431542, which made the cells susceptible to carbopla-
tin-induced cell death [79].

Interaction of tumor and non-tumor cells within
spheroids could be another possible application point
for therapy. Paracrine activation of Wnt during the in-
teraction of CSCs and M2 macrophages represents a
positive feedback loop, which probably contributes to
the formation of a more aggressive tumor cell phe-
notype [38], which makes the Wnt pathway a poten-
tial target for CSC suppression. In addition, studies
showed that catumaxomab eliminates CD133+ / Ep-
CAM+ CSCs by activating T cells in ascites in ad-
vanced ovarian cancer [80].

In Figure 2, we presented a scheme describing sev-
eral strategies to overcome CSC chemoresistance in
ovarian cancer.

stem cells in ovarian cancer

( Strategies to overcome chemoresistance of cancer )

i Inhibition of signaling
CHCitmny pathways regulating
stemness development
in CSCs

Inhibition of signaling
pathways responsible
for spheroid formation

Disruption of tumor and
non-tumor cell interaction
in spheroids

Fig. 2. Strategies to overcome chemoresistance of cancer stem cells in ovarian cancer
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CONCLUSION

Future ovarian cancer treatment strategies will be
based on the study of signaling pathways in ovarian
CSCs, mechanisms of spheroid formation, as well as
the contribution of immune cells to the acquisition of
stem cell-like properties by tumor cells. It is also im-
portant to highlight the possibility of using prognostic
biomarkers based on the determination of CSCs. This
can be extremely promising in modifying approaches
to predict ovarian cancer outcomes and individualize
chemotherapy with current treatment regimens.

Considering that CSCs can mediate chemoresis-
tance in ovarian cancer, evaluation of the stem cell-
like properties of tumor cells in ascites will allow to
quickly predict the efficacy of ongoing therapy in pa-
tients. However, identification of CSCs remains the
main challenge. Numerous studies show that subpop-
ulations of ovarian cancer cells were found to express
stemness markers at very different levels in various
combinations, with none of these markers being oblig-
atory. These data confirm the phenomenon of tumor
plasticity, which researchers have begun to be study
recently, and which requires further research in clini-
cal practice.
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