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ABSTRACT

Background. Peritoneal carcinomatosis (PC) is one of the most unfavorable factors of ovarian cancer progression.
It is often accompanied by accumulation of fluid in the abdominal cavity, which is called ascites. However,
prognostic factors associated with malignant ascites are not well understood.

The aim of this study was to evaluate dissimilar populations of EpCAM-positive cells in ascitic fluid and their
relationship with the presence of invasive peritoneal implants and the prevalence of carcinomatosis on the Predictive
Index Value (PIV) scale in ovarian cancer patients.

Materials and methods. The prospective study included 22 patients aged 3676 years with newly diagnosed FIGO
stage [c—IV ovarian cancer, who were admitted for treatment to Cancer Research Institute of Tomsk NRMC. The
study material included EDTA-stabilized ascitic fluid sampled during laparoscopy.

Various populations of ascites tumor cells were identified by laser multicolor flow cytometry. The degree of
carcinomatosis was determined according to the PIV scale.

Results. The study identified twelve populations of EpCAM-positive cells in the ascitic fluid of ovarian cancer
patients. Epcam+CD45-CD44-CD24+CD133—Ncadherint+ cells (» = 0.58; p = 0.004) and atypical (hybrid)
EpCam+CD45+CD44+CD24+/-CD133+/-Ncadherin+/- cells (== 0.51; p = 0.01) had a positive correlation with
the PIV index.

Conclusion. The obtained results show a high degree of heterogeneity of tumor cells in the ascitic fluid of ovarian
cancer patients. Identified atypical (hybrid) forms of EpCam-positive cells are of great interest for cell biology and
require further investigation.

Key words: heterogeneity of tumor cells, carcinomatosis, Predictive Index Value (PIV), ascitic fluid, ovarian
cancer, liquid biopsy.
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PE3IOME

BBenenue. KaHHepOMaTO3 6pIOI_HI/IHI)I SIBJISICTCSL OOHUM U3 Hauboee He6J’[aFOHpI/I$[THI)IX (baKTOpOB nporpeccu-
poBaHUA paKa IUYHUKOB. OH yacto COIIPOBOKAACTCA HAKOIUICHUEM KUIKOCTU B 6pIOHIHOﬁ II0JIOCTHU — aCLIUTOM.
HpOrHOCTI/I‘IeCKHe (I)aKTopI)I, CBA3aHHBIC CO 3JIOKQYCCTBEHHLIM aCLIUTOM, U3YUCHBI HEIOCTATOYHO.

Henn. OneHka pa3nuyHbX nomy iyl EpCam-1mooKUTeNbHbIX OIyXOJEeBBIX KIETOK B ACIIUTHYECKOH KHUAKOCTH,
UX CBSA3b C HATHYHEM MEPUTOHEANBHBIX «MHBA3HBHBIX» HMILIAHTATOB U CTETICHBIO PACTIPOCTPAHEHHOCTH KaHIIEPO-
Mato3a o mkane Predictive Index Value (PIV) y 601pHBIX pakoM SSHUHHKOB.

MartepuaJjibl 1 MeTObl. B ImpocrekTHBHOE HCCIIE0BAaHNE BKIIOYEHBI 22 OONBHBIE C BIIEPBBIE JHATHOCTUPOBAH-
HBIM PaKOM SWYHHUKOB, ¢ Ic—IV cragusamu no cucteme FIGO, B Bo3pacte 36—76 jeT, IOCTyNUBIINE HA JEYCHUE B
HUMU onxonorun Tomckoro HUMII. Martepuanom i HccleqOBaHUA CIIy>KUIa aCHUTHYECKas! )KUAKOCTb, CTabu-
nusupoBanHasg DJTA, B3aTast BO BpeMs JIaIapOCKOMUH.

Konn4iecTBO pa3inyHBIX MOMYJISIAN OMyXOJEBBIX KJIETOK B aCHUTHYCCKOM KHUIKOCTH ONPEICIISUIIA METOJIOM MHO-
TOIBETHOU MPOTOYHOM IIUTOMETPUH U MMPOTOYHON IIUTOMETPHH C BU3yanu3anueil. CTerneHb KaHIIepoMarTo3a orpe-
nensuy o mkane PIV.

PesyabTarhl. [Ioka3aHo, 4TO KJICTOYHBIH COCTAB ACUUTHUYECKOI YKHUIKOCTH OOJBHBIX PAKOM SIMYHHKOB IIPEJ-
craBisieT coboil rereporeHHyro momyisuuio. [lonoxkurenbHas KoppessiuoHHas cBsi3b ¢ PIV, xapakrepusy-
IOIMM CTEIICHb PaCIpPOCTPAHEHHOCTH KaHIIEpPOMAaTo3a, HaONIoanach y acHUTHYECKHX KIETOK ¢ (eHOTHIIOM
EpCam+CD45-CD44-CD24+CD133-Ncadherint (» = 0,58; p = 0,004) 1 y aTHIUYHBIX / THOPHIHEIX (POPM KIETOK
EpCam+CD45+CD44+CD24+/-CD133+/-Ncadherint/- (r == 0,51; p = 0,01).

3akurouyenue. [TomyueHHbIE pe3yIbTaThl IOKa3bIBAIOT OOJBIIYIO T€TEPOreHHOCTh OMYXOJIEBbIX KIETOK B aCLUTH-
YECKOM JKHIKOCTH OONBHBIX pakoM sMYHUKOB. OOHapyKeHHbIH (aKkT HANUYUs aTHIHYHBIX (THOPUAHBIX (GopMm)
EpCam-nosnoXuTenbHbIX KIETOK HPEICTABISET HHTEPEC Ul KIETOYHOH OMOoNoruu u TpedyeT AaJIbHeHIINX Hc-
CIICZIOBAaHUI.

KniodeBble cj10Ba: reTeporeHHOCTH OITyXOJICBBIX KJICTOK, KaHIepomaros, Predictive Index Value, acuntnueckas
JKUJIKOCTB, PAaK SIMIHUKOB, KUAKOCTHASI OHOTICHSL.

KonpaukT uaTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHE SIBHBIX U MOTEHIMAIBHBIX KOH(OINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanueil HaCTOSIIEeH CTaThH.

Hcrounuk punancupoBanus. VccnenoBanue BeIOIHEHO TpH puHaHCOBO#M nonepxke [Ipesunenta PO (rpant
Ne M1-2017.2020.7).

CooTBeTcTBHE MPUHIMMIAM dTHKH. Bce manueHTs! moanucani HHPOPMUPOBAHHOE COTJIACHE HA YYacTHE B HC-
cienoBannu. MccnenoBanue og00peHo TOKaIbHBIM dTHdeckuM komuteroM HUM onkonorun Tomckoro HUMIL
(mpotoxout Ne 4 ot 02.04.2018).

s uutupoBanus: Kaiiroponosa E.B., Ouupos M.O., Momgyanos C.B., Porages P.P., [IpsixoB JI.A., YepHsbI-
moBa A.JL., lHmunésa O.B., Kosanes O.B., Bropymun C.B. Paznuunsie nonmymnsuun EpCam-monoXUTenbHbIX
KJICTOK B aCLIUTHYECKON UIKOCTH Y GOJILHBIX PAKOM SIMYHUKOB: CBSI3b CO CTEICHBIO KAHLIEPOMATO3a. broanemens
cubupckoi meduyunst. 2021; 20 (2): 44-53. https://doi.org/10.20538/1682-0363-2021-2-44-53.

INTRODUCTION accumulation of fluid in the abdominal cavity, which

Ovarian cancer is characterized by a unique meta- is called ascites. Ovarian cancer accounts for up to
static process. The earliest and most common route of 38% of ascites cases associated with malignancies in
metastasis is implantation. It is often accompanied by females. Ascitic fluid is a promising biological mate-
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rial to get information about the nature of the tumor.
Unlike serum, ascitic fluid is more informative, espe-
cially at early stages of the malignant process [1].

In general, ascites is a multicomponent, dynamic
system where all elements combined facilitate the for-
mation of a proinflammatory and immunosuppressive
environment. Ascites consists of a complex mixture
of cell populations and a rich cytokine profile [2]. The
variety of cells is related to several factors. The first
factor is phenotypic plasticity arising from the influ-
ence of soluble factors and microenvironment signals
from immune and stromal cells. Secondly, hetero-
geneity is associated with hydrodynamic forces that
significantly change cell morphology [3]. Thirdly, the
source of cancer cells in ascitic fluid is the tumor, and
in ovarian cancer, in particular, it is a heterogeneous
cell population [4].

Currently, the heterogeneity of tumor cells is eva-
luated based on their antigenic properties, spectrum
of various cell surface markers, and activity of the
key signaling pathways. If circulating tumor cells
(CTCs) are detected, the epithelial cell adhesion mol-
ecule (EpCAM) is widely used as a specific biomark-
er, because it is overexpressed in more than 70% of
ovarian cancer cases, and its level is closely associat-
ed with malignant ascites, chemoresistance, and de-
creased survival in patients. The role of EpCAM is not
limited to cell adhesion; there is abundant evidence of
its involvement in the epithelial-mesenchymal tran-
sition (EMT) [5]. The EMT is known to enable cells
to separate, lose their apical-basal polarity typical of
epithelial cells, demonstrate enhanced resistance to
apoptosis, and return to a more mobile mesenchymal
phenotype that promotes peritoneal dissemination.
This molecule is also used as a marker of cancer stem
cells (CSCs) [6].

Along with EpCAM, the CD44 receptor, widely
present on the surface of tumor cells, is used to iden-
tify CTCs. It mediates attachment of ovarian cancer
cells to the peritoneal mesothelium by binding to hy-
aluronic acid (HA). CD44, as a biomarker, has seve-
ral advantages. Firstly, normal cells have a low level
of CD44 expression and poor adhesion to hyaluronic
acid. Secondly, HA is one of the main components of
the tumor extracellular matrix that, along with binding
to the CTCs, supports cell integrity [7].

Another CTC marker in ascitic fluid is CD24,
which is expressed in 70.1% of ovarian cancer cases
and is an independent predictor of survival. CD24 in-
creases the metastatic potential of tumor cells, because
it is a ligand of P-selectin, an adhesion receptor on

activated endothelial cells. In addition, CD24 induces
EMT, which leads to the formation of a highly proli-
ferative phenotype and resistance to chemotherapy via
activation of PI3K/Akt, NF-kB, and ERK signaling
cascades [8].

A common EMT feature is reduced expression of
epithelial cadherin (E-cadherin) and a concomitant
increase in or de novo expression of neural cadherin
(N-cadherin). This so-called “cadherin switch” is as-
sociated with increased migratory and invasive behav-
ior of tumor cells. Increased expression of N-cadherin
in solid tumors promotes collective cell migration, en-
hances transmission of fibroblast growth factor(FGF)
signals, and modulates the canonical Wnt signaling
pathway, which leads to the formation of an aggres-
sive phenotype [9].

CD133 is the most commonly used cell surface an-
tigen for detection and isolation of CSCs in various
malignant diseases, including ovarian cancer. High ex-
pression of CD133 in tumors is considered a prognos-
tic marker of disease progression. Despite the fact that
the functional role of CD133 in malignancies is not
fully understood, most studies suggest that CD133 has
a significant prognostic value for assessing overall and
progression-free survival in various cancer types [10].

Peritoneal dissemination caused by ascites is one of
the most unfavorable factors for progression of malig-
nancies. In 2006, Italian authors proposed a Predictive
Index Value (PIV) scale for assessing the prevalence
of carcinomatosis, taking into account the condition
of the parietal peritoneum, diaphragmatic peritoneum,
mesentery of the intestine, omentum, intestinal wall,
stomach, and liver. The authors showed that with PIV
> 8, the probability of RO resection is practically equal
to 0, therefore, neoadjuvant chemotherapy (NACT) is
recommended [11].

In connection with the foregoing, the aim of this
study was to investigate various populations of tumor
cells in the ascitic fluid of ovarian cancer patients and
their relationship with the presence of invasive perito-
neal implants and the prevalence of carcinomatosis on
the PIV scale.

MATERIALS AND METHODS

The study was approved by the local Ethics Com-
mittee at Cancer Research Institute of Tomsk NRMC.
The prospective study included 22 patients aged
36-76 years with newly diagnosed FIGO stage Ic—IV
ovarian cancer, who were admitted for treatment to
Cancer Research Institute of Tomsk NRMC. For the
purpose of surgical staging, all patients included in

46 Bulletin of Siberian Medicine. 2021; 20 (2): 44-53



Original articles

the study underwent laparoscopy using a Karl Storz
laparoscopic unit (Germany), followed by morpho-
logical examination of biopsy specimens and ascitic
fluid. PIV prevalence was also evaluated. The study
material included 5 mL EDTA-stabilized ascitic fluid
sampled during laparoscopy.

DETERMINING THE PIV INDEX

The PIV index in patients with ovarian cancer was
calculated using video materials obtained during lapa-
roscopy with the Karl Storz unit. The PIV scale (Fagot-
ti score, range 0—14) allowed to assess the prevalence
of carcinomatosis, taking into account the condition

of the parietal peritoneum, diaphragmatic peritoneum,
mesentery of the intestine, omentum, intestinal wall,
stomach, and liver (Table 1) [11].

Assessing populations of tumor cells in ascitic
fluid by multicolor flow cytometry. Different popula-
tions of ascites tumor cells (with stemness traits, with
EMT traits, without stemness and EMT traits, with a
combination of these traits, as well as atypical (hy-
brid) cell populations) were identified by laser multi-
color flow cytometry on a BDFACSCanto apparatus
(USA) using a molecular panel of EpCam, CDA45,
CD44, CD24, CD133, and N-cadherin markers and
BD FACSDiva software.

Table 1

Determination of the PIV for assessing the prevalence of carcinomatosis

Parameter Score =2

Score =0

Peritoneal carcinomatosis

Unresectable massive peritoneal damage

Carcinomatosis of isolated regions that
can be surgically removed during perito-
neoectomy

Diaphragmatic peritoneum

Widespread infiltrating carcinomatosis or confluent nodules in most
of the diaphragmatic peritoneum

Focal damage to the peritoneum

Mesentery of the intestine

Big infiltrating nodules or involvement of the mesenteric root

Small nodules that are potentially
resectable using argon plasma coagulation

Omentum

Tumor diffusion up to the large curvature of the stomach

Focal damage to the omentum

Infiltration of the bowel

Bowel resection is assumed to be required or miliary carcinomatosis —

Infiltration of the stomach

Neoplastic damage to the stomach wall -

Liver damage

For this purpose, ascitic fluid was incubated with
fluorochrome-labeled monoclonal antibodies to
CD45: clone HI30 (APC/Cy7) (Biolegend, USA),
EpCAM clone 9C4 (PE) (Biolegend, USA), CD44
clone BJ18 (FITC) (Biolegend, USA), CD24 clone
MLS5 (PE/Cy7) (Biolegend, USA), N-cadherin clone
8C11 (PerCP/Cy5.5) (Biolegend, USA), and CD133
clone AC-133 (APC) (Miltenyi Biotec, USA). Then,
erythrocytes in the sample were lysed with a BD Facs
lysing solution and washed twice with CellWash buf-
fer. Next, 1 ml of BD Flow was added to the cell pel-
let. All samples were stored in the dark at 4 °C and
analyzed on a flow cytometer within an hour. The cell
level was expressed as the number of cells per 1 ml
of ascitic fluid.

High-resolution imaging flow cytometry. Cells were
incubated with fluorochrome-labeled monoclonal an-
tibodies to CD45: clone HI30 (APC/Cy7) (Biolegend,
USA), EpCAM clone 9C4 (PE) (Biolegend, USA),
CD44 clone BJ18 (FITC) (Biolegend, USA), CD24
clone ML5 (PE/Cy7) (Biolegend, USA), N-cadherin
clone 8C11 (PerCP/Cy5.5) (Biolegend, USA), CD133

Any surface lesions

clone AC-133 (APC) (Miltenyi Biotec, USA), and
DAPI (ZytoVision, Germany). The aliquots were
analyzed with an ImageStream Mk II Imaging Flow
Cytometer (Luminex, Poland). All data were saved as
raw image files for analysis in IDEAS software (ver-
sion 6.2).

Statistical analysis. The obtained data were pro-
cessed by variance statistical methods. All the statis-
tical analyses were performed using Statistica 10.0
software package (StatSoft, Inc., USA). Assessment
of the normal distribution of the results was per-
formed using the Kolmogorov — Smirnov test. The
significance of differences was assessed using the
nonparametric Mann — Whitney test (for independent
samples). Spearman’s correlation analysis () was also
used. The data were presented as the median and the
interquartile range Me (Q1—Q3). The differences were
considered statistically significant at p < 0.05.

RESULTS

Multicolor flow cytometry of ascitic flu-
id of ovarian cancer patients revealed 12 popu-
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lations of Epcam-positive cells. These included
ascites tumor cells without stemness and EMT traits —
Epcam+CD45-CD44-CD24-CD133—Ncadher-
in— (AC-1); ascites tumor cells without stemness
traits and with EMT traits — Epcam+CD45-CD44—
CD24-CD133—Ncadherint+ (AC-2); ascites tumor
cells with stemness traits, without EMT traits, and
with  phenotypes  Epcam+CD45-CD44+CD24—
CD133+/-Ncadherin—  (AC-3);  Epcam+CD45-
CD44+CD24+CD133+/—Ncadherin— (AC-6);
Epcam+CD45-CD44—-CD24+CD133+/-Ncadherin—
(AC-8); ascites tumor cells with stemness and EMT
traits — Epcam+CD45-CD44+CD24-CD133+/-Ncad-
herint (AC-4); Epcam+CD45-CD44+CD24+C-
D133+Ncadherin+ (AC-5); Epcam+CD45-

CD44-CD24+CD133+Ncadherin+ (AC-7);
Epcam+CD45-CD44+CD24+CD133—Ncadherin+
(AC-9); Epcam+CD45-CD44-CD24+CD133—Ncad-
herin+ (AC-10); atypical (hybrid) cells without stem-
ness traits — Epcam+CD45+CD44-CD24-CD133-
Ncadh+/— (AC-11); and atypical (hybrid) cells with
stemness traits: Epcam+CD45+CD44+CD24+/—
CD133+/—Ncadh+/—(AC-12).

In patients with invasive peritoneal implants, the
number of cancer stem cells with phenotypes Ep-
cam+CD45-CD44+CD24+CD133—Ncadherin+ and
Epcam+CD45-CD44-CD24+CD133—Ncadherin+ in
ascitic fluid significantly exceeded the one in ascit-
ic fluid of ovarian cancer patients with non-invasive
peritoneal implants (Table 2).

Table 2

The level of various populations of EpCAM-positive cells in the ascitic fluid of ovarian cancer patients with non-invasive or invasive
implants, cells/ml, Me (Q —Q,)

Phenotype of ascites tumor cells Invasive peritoneal implants, n =13 Non-invasive peritoneal implants, n =9
AC-1 55 (0-420)
EPCam+CD45-CD44-CD24-CD133-Ncadherin- 290 (110-4,270) p,,=0.082
AC-2 170 (0-320)
EpCam+CD45-CD44-CD24-CD133-Ncadherin+ 40 (0-1,220) p,,=0.84
AC-3 10 (0-530) 0 (0-80)
EpCam+CD45-CD44+CD24-CD133+/-Ncadherin- p,,=0.35
AC-4 40 (0-90)
EpCam+CD45-CD44+CD24-CD133+/-Ncadherin + 300 (30-720) P, ,=0.126
AC-5 110 (0-283)
EpCam+CD45-CD44+CD24+CD133+Ncadherin+ 360 (160-740) p,,=0.160
AC-6 0 (0-140)
EpCam+CD45-CD44+CD24+CD133+/-Ncadherin- 50/(0,00-1,100) p,,=0.640
AC-7 0 (0-10)
EpCam+CD45-CD44-CD24+CD133+Ncadherin-+ 312 (20-940) P, ,=0.064
AC-8 0(0-30)
EpCam+CD45-CD44-CD24+CD133+/-Ncadherin- 170 (0-1,030) p,,=0.194
AC-9 150 (0-540)
EpCam+CD45-CD44+CD24+CD133-Ncadherin+ 2,030 (520-11,420) p,,=0.025
AC-10 10 (0-50)
EpCam+CD45-CD44-CD24+CD133-Ncadherin+ 1,640 (260-3,870) p,,=0.003
AC-11 219 (18-436)
EpCam+CD45+CD44-CD24-CD133-Ncadherint/- 185 (29-716) p,,=0.940
AC-12 907
EpCam+CD45+CD44+CD24+/-CD133+/-Ncadher- 2,476 (813-3,835) (216-1,032)
in+/- p,,=0.016

Figures 1 and 2 present a part of the multicolor flow
cytometry protocol in assessing different populations
of Epcam+ cells in ascitic fluid of the ovarian cancer
patient (Fig. 1) and photographs of the abdominal cav-

ity of this patient obtained during laparoscopy (Fig. 2).
The photos show diffuse infiltrating carcinomatosis,
confluent nodules in different regions of the diaphrag-
matic peritoneum, and big infiltrating nodules.
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Fig. 1. Different populations of EpCam-positive cells in the ascitic fluid of the ovary cancer patient, high-resolution imaging flow
cytometry (Amnis ImageStreamX)

Fig. 2. Photographs of the abdominal cavity of the ovary cancer patient V, 50 years old, T3¢ Nx MO, obtained during laparoscopy
using a Karl Storz laparoscopic unit. PIV index = 8
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We assessed the extent of carcinomatosis using the
PIV scale in our study. The range of the PIV index in
patients included in the study ranged from 0 to 11. The
correlation analysis showed that a statistically signif-
icant, positive relationship with the PIV index was
observed in AC-9 cells with the Epcam+CD45-CD44-
CD24+CD133— Ncadherin+ phenotype (r =—-0.58; p =
0.004) and in atypical (hybrid) cell forms with stemness
features  Epcam+CD45+CD44+CD24+/—~CD133+/—
Ncadherint/— (r =-0.51; p = 0.01) (Table 3).

Table 3

Correlation between the number of dissimilar populations
of Epcam-positive cells in the ascitic fluid of ovarian cancer
patients and the PIV index

A pair of parameters r D

AC1 -PIV 0.32 0.137
AC2 -PIV —0.02 0.92
AC3 -PIV 0.20 0.35
AC4 - PIV 0.19 0.38
AC5-PIV 0.29 0.27
AC6 — PIV 0.12 0.64
AC7 - PIV 0.46 0.07
AC8 - PIV 0.21 0.42
AC9 - PIV 0.34 0.11
AC10 - PIV 0.58 0.004
ACI11 - PIV 0.15 0.49
ACI12-PIV 0.51 0.01
DISCUSSION

Metastasis of ovarian cancer occurs mainly due to
detachment of cells from the primary tumor and their
invasion of the abdominal cavity filled with malignant
ascites. The cells spread widely with fluid flow and
cause secondary tumor growth. At all stages of this
unique process, tumor cells change their phenotype
and co-evolve together with surrounding fibroblasts,
macrophages, adipocytes, endothelial, and other cells.

This study revealed different tumor cell popula-
tions in ascitic fluid: atypical forms (hybrid cells) both
with and without stemness traits, with EMT traits, and
with a combination of these traits and stromal and im-
mune cell populations, identification and characteri-
zation of which may be a useful tool in predicting the
disease course and response to chemotherapy.

According to the literature data, out of 150 dif-
ferent marker combinations, the most common panel
includes three markers: CD44, CD24, and Epcam. Ex-
pression of these molecules in OVCAR-5, SKOV-3,
and IGROV-1 lines corresponded to cells with greater
colony-forming ability. These cells demonstrated a
short in vivo relapse-free interval after xenotransplan-
tation and a greater migratory capacity in an in vitro
invasion study compared to CD44-CD24-Epcam cells.

In addition, doxorubicin, cisplatin, and paclitaxel pro-
moted an increase in this population, which indicates
drug resistance, but Miillerian inhibiting substance
(MIS) effectively suppressed its growth [12].

In our study, we showed that the concentration of
tumor cells with phenotypes Epcam+CD45-CD44+C-
D24+CD133—Ncadherin+ and Epcam+CD45-CD44-
CD24+CD133—Ncadherint+ was higher in the ascitic
fluid of ovarian cancer patients with invasive perito-
neal implants compared to the level of these cells in
the ascitic fluid of ovarian cancer patients with non-in-
vasive peritoneal implants. We also showed the pres-
ence of atypical (hybrid) cells in the ascitic fluid of
ovarian cancer patients. The number of atypical (hy-
brid) cells with stemness features (Epcam+CD45+C-
D44+CD24+/— CD133+/— Ncadherint/—) was also
significantly higher in the ascitic fluid of patients with
invasive peritoneal implants compared to the level of
these cells in the ascitic fluid of ovarian cancer pa-
tients with non-invasive peritoneal implants. It should
be noted that these cell populations are positive for
the CD24 marker. In a study aimed at investigating
the mechanisms of acquired drug resistance, it was
shown that the CD24+ fraction obtained from sam-
ples of tumor tissue from the ovarian cancer patient
was relatively resistant to cisplatin in vitro compared
to its CD24— cells. In addition, the tumorigenici-
ty of CD24+ also surpasses that of CD24— cells, as
evidenced by the shorter period before the appear-
ance of tumors in mice (Nude mice) injected with an
equal number of CD24+ and CD24— cells. It was also
found that CD24+ cells express higher mRNA levels
of several stemness-related genes (including Nestin,
B-catenin, Bmi-1, Oct4, Oct3/4, Notchl, and Notch4,
which are involved in modulating many stem cell
functions) and a lower E-cadherin mRNA level than
CD24— cells [13].

Our clinical trial results are consistent with the
literature. Numerous studies have shown that the Ep-
cam+CD44+CD24+CD133+CD117+ population has
an increased ability to initiate cancer and/or stimulate
metastasis in vivo [13, 14].

In a mouse model (NOD/Shi-scid/IL-2Ry null
mice), CD24+ and CD133+ cells were demonstrat-
ed to be more capable of forming spheres, spreading,
and initiating tumors iz vivo. In addition, CD24+ cells
showed a more mesenchymal phenotype with high-
er expression of Twistl, Snail, and Vimentin, which
relates the CD24 marker to the EMT phenotype. In-
terestingly, CD24- cells are also capable of initiating
tumor growth, albeit to a lesser extent than CD24+.
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This is probably determined by the fact that a subset
of CD24- cells with stemness traits has a lower prolif-
eration rate than CD24+ cells [15].

The hybrid cells and multicellular aggregates
which role in cancer has long been examined [16—18],
were also discovered in our study. Other researchers
revealed fusion of blood cells and epithelial cells in
Lewis lung carcinoma and metastatic epithelial ovar-
ian carcinoma [19]. Similar results were obtained by
A.E. Powell et al. for colorectal cancer [20]. Another
study claimed that their formation and form depend on
the cadherin expression profile. For instance, Ncad+
cells formed stable and dense spherical structures, and
Ecad+ cells — clusters with lower adhesion (compared
to Ncad+) [21].

In our study, we showed that the number of Ep-
cam+CD45-CD44-CD24+CD133— Ncadherin+ cells
and atypical (hybrid) Epcam+CD45+CD44+CD24+/—
CD133+/-Ncadherint/— cells has a direct correlation
with the PIV index, characterizing the prevalence of
carcinomatosis. This index takes into account the con-
dition of the parietal peritoneum, diaphragmatic peri-
toneum, mesentery of the intestine, omentum, intesti-
nal wall, stomach, and liver [11, 22-24]. A. Fagotti et
al. (2006) showed that with PIV > 8§, the probability
of RO resection is practically equal to 0, and NACT is
recommended [11]. The effectiveness of this approach
was subsequently confirmed by a series of randomized
trials.

In 2017, data from a Dutch multicenter random-
ized trial were published, including treatment analysis
for 201 patients with advanced ovarian cancer [24]. A
total of 102 patients underwent laparoscopy with PIV
determination to assess the possibility of performing
primary optimal cytoreductive surgery (treatment
group), and 99 patients underwent primary cytoreduc-
tive surgery without laparoscopic assessment (control
group). The authors considered a decrease in the num-
ber of unjustified laparotomies (diagnostic operations,
suboptimal cytoreductions), that reduce the effective-
ness of treatment in this category of patients, as one of
the main advantages of the proposed technique [24].

The results obtained in our study showed a direct
correlation between the PIV index and the level of as-
cites tumor cells with EMT traits (AC-10) and atypical
(hybrid) cells with stemness features (AC-12). It can
be assumed that determining Epcam+CD45-CD44-
CD24+CD133—Ncadherin+ and Epcam+CD45+C-
D44+CD24+/-CD133+/—Ncadherin+/— cells in as-
citic fluid will be useful for specifying the treatment
strategy for ovarian cancer patients.

CONCLUSION

The results of the study show high heterogeneity of
tumor cells in the ascitic fluid of patients with ovarian
cancer. The presence of atypical (hybrid) forms of Ep-
cam-positive cells is of interest for cell biology and re-
quires further research. The cell populations identified
in our study (Epcam+CD45-CD44-CD24+CD133—
Ncadherint and Epcam+CD45+CD44+CD24+/—
CD133+/—Ncadherin+/—) and their detection in ascitic
fluid can be useful for determining the treatment strat-
egy for patients with ovarian cancer.

Further study of various populations of tumor
cells in ascitic fluid and their relationship with the
clinical course of the disease and effectiveness of
chemotherapy for patients with ovarian cancer is rea-
sonable and opens up great prospects for practical de-
velopments in the field of targeted therapy and liquid
biopsy.
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