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ABSTRACT

Purpose of the study. Was to investigate the possibility of applying the method of spheroid formation in culture for assess-
ment of the endometrial cancer (EC) tumor stem cells (TSC) content in complex samples containing various tumor cells and
microenvironment.

Materials and methods. Primary cultures were obtained from fragments of tumors removed during surgery as a first stage
of treatment at the Department of Gynecological Oncology, the National Medical Research Center for Oncology. After enzy-
matic disaggregation of tissue, cell suspension was passaged in DMEM medium containing 10 % fetal bovine serum and 1 %
gentamicin to obtain primary two-dimensional cultures. To study the ability of cells to form spheroids, the primary culture
was removed from the culture plate and passaged with 2.0 x 10* cells per well of a six-well plate (n = 6) in DMEM medium
containing 0.35 % agarose and growth factors EGF (20 ng/ml) and FGF (20 ng/ml). After two weeks of cultivation, the average
size, number of formed spheroids, and frequency of spheroid formation were determined. For those cultures that had formed
spheroids, immunofluorescent staining of the two-dimensional culture for the marker CD133 was performed, after which the
frequency of CD133+ cells was determined.

Results. A total of nine primary cultures of EC were obtained, five of which formed spheroids within two weeks of cultivation
under non-adhesive conditions. In these cultures, small polygonal CD133+ cells showed the strongest association with spheroid
formation, which were associated with the largest spheroids (98-110 pm in diameter).

Conclusion. There is a large number of microenvironmental cells in mixed cultures of CSC, some of which may express CD133,
including healthy stem cells that also form spheroids in soft agar. A more detailed study of CSC subpopulations compared to
normal endometrium is required to establish a link between the observed diversity of cells in culture and their ability to form
spheroids and other characteristics of tumor stem cells.
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3.1.6. OHKonorus, nyyeBas Tepanus

OPUr'MHAJIbHASAl CTATbA

OnbIT co3aanus MEPBUYHBIX KYNbTYP paka 3HAOMETPUA U UCCNeJ0BaHNA B HUX KIIETOK,
obnagawwux GEeHOTMNOM ONYX0NEBLIX CTBOJIOBbIX KNETOK

C. 10. dununnoea, U. B. MexxeBoega, T. B. Yem6apoea™, U. A. Hoeukosa, E. B. BepeHukuHa, 0. E. XXenuno, B. B. Monoeogoea,

A. B. lanownukos, E. B. LanawHas, A. A. Macnos, 0. I. UwoHuHa
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PE3IOME

Llenb uccnepoBanus. /13y4nTb BO3MOXHOCTb NPUMeHeHUsi MeTofa cthepomaoo6pasoBaHus B KybType A1 OLEHKMU COo-
JlepXKaHusi ornyxoneBblx CTBOJIOBbIX kneTok (OCK) paka aHZoMeTpusi (P3) B CNOXHbIX 06pasLax, COAepXXaLlumx pasinyHble

KNETKU ONyXosn U MUKPOOKPYXXEeHUA.

Matepuanbi u MmeTogabl. [epBUYHbIe KYNbTYpbl Nosy4Yanu n3 pparMeHTOB ONyXonen, yaaneHHbIX B Xofe OrnepaTUBHOMO
BMeLlaTeNnbCTBa, NPOBOAMMOrO B Ka4ecTBe NepBoro arana no nevyexHunto P B otaeneHnm oHkornHekonorun ®rby «Hauwmo-
HasTbHbIN MeAVNLIMHCKUI CCNeA0BaTeNIbCKUA LIEHTP OHKONIOrMn» MUHUCTepCTBa 3apaBooxpaHeHns Poccuickon Gepepauun.
Mocne dbepMeHTaTUBHOMN Ae3arperaummn TKaHW KIETOYHYHO CycrieH3unto naccupoBanu B cpege DMEM, copepxatein 10 %
theTanbHol 6blubeit cbiBopoTKU (DBC) U 1 % reHTaMUUMHA, A5 NOSTyYeHUs! MEPBUYHBIX ABYMEPHbIX KYNbTyp. s n3yyeHus
CMNOCOBHOCTM KNEeTOK K cheponaoo6pa3oBaHnio NepBUYHYHO KYSIbTYPY CHUManu ¢ KyNnbTypanbHOro nnactvka v naccuposanm
no 2,0 x 10* KNeToK Ha NlyHKY 6-TunyHo4Horo nnaHwerta (n = 6) B cpeay DMEM, cogepxaluyto 0,35 % arapoabl 1 hakTopbl
pocTa EGF (20 Hr/mn) v FGF (20 Hr/mn). Yepes ABe Hefileny KyNbTUBUPOBaHUS ONpeAensiiv CpefHuil pa3mep, KONIMYecTBO
obpasytoLmxca chepongo u yacToTy cheponoobpasoBaHus. Jns Tex KynbTyp, KOTopble o6pasoBany cdepounabl, 66110
npoBeAeHO MMMYHO(JIYOPECLIeHTHOe OKpaluMBaHMe ABYMEPHOW KynbTypbl Ha Mapkep CD133, nocne yero onpegensinu

yacTtoTy CD133+ kneTtok.

PesynbraTbl. Bcero 66110 NonyyeHo AeBsATb NEPBUYHbBIX KyNbTyp P3, N3 KOTOpbIX TONbKO NATb o6pasoBany cdepounibl
cnycTsi iBe Heflenu KyNbTUBUPOBAHMUS B YCIIOBUSIX, HE NMOAAEPXMBAIOLLMX afreaunio. B aTux KynbTypax Hau6osblUyto CBSA3b
co cheponaoo6pas3oBaHmeM Nokasanu He6osblume NonuroHanbHble CD133+ KeTKH, C KOTOPbIMU acCOLMMPOBANIUCh Hau-

6onee KpynHble cheponabl (98—110 MKM B fuaMeTpe).

3aknioyeHne. B cMelaHHbIX KynbTypax PO npucyTcTByeT 60/bLIOE KONIMYECTBO KNETOK MUKPOOKPYXKEHUSA, U3 KOTOPOro
4yacTb KNETOK MOXeT aKcnpeccupoBaTb CD133, B TOM uncne HopMarbHble CTBOJSIOBbIE KNETKM, TakxXe o6pasytoLme chepo-
napbl B Msirkom arape. TpebyeTcsi 60nee Nogpo6bHoe U3yyeHne KNeToUYHbIX cybnonynsiuuin P9 B cpaBHEHUN ¢ HOPMasibHbIM
3HAOMETPUEM ANA YCTaHOB/IEHUS CBSI3M MeX Y Hab/tofaeMbiM pa3Hoo6pasmemM KNeTOK B KYJIbTYpe U UX CMNOCOBHOCTbIO

K cthepomaoo6pasoBaHuio U ApyruMuy xapaktepuctukamm OCK.

KnioueBble cnosa: paK aHAOMETpUA, NepBUYHbIE KYJIbTYPbl, OMyXo/ieBble CTBOJIOBbIE KJIETKU, KNNETOYHbIE CCbepOVI,D,bI
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INTRODUCTION

Endometrial cancer (EC) is the sixth most com-
mon type of cancer in women. Over the past 30
years, the overall incidence of EC has increased by
132 %, reflecting an increase in the prevalence of
risk factors, in particular, obesity and aging of the
population [1]. In Russia, EC occupies the 2nd rank in
the structure of oncological diseases of the female
genital organs. The total number of patients with
EC reached 195.6 per 100,000 population in 2022,
which is 31.8 % more than in 2012 [2]. Thus, there is
still a need to develop new therapeutic approaches
to significantly improve the prognosis in women with
recurrent EC or in the later stages of the disease. In
this context, tumor stem cells (TSC) of endometrial
cancer, capable of self-renewal and differentiation
into mature tumor cells, as well as contributing to
tumor recurrence, metastasis, heterogeneity, multi-
drug and radiation resistance, represent a potential
target for drug development [3].

TSC were first identified in patients with acute my-
eloid leukemia in 1994, and have since been consid-
ered potential therapeutic targets in the treatment of
oncological diseases, including solid tumors [4]. TSC
in EC were first described by Hubbard in 2009 [5]. The
discovery of endometrial OSCs has radically changed
the views on the study of the biology of EC and the
development of approaches to the treatment of this
disease. As a rule, EC TSC is identified by the expres-
sion of specific antigens, by the weak accumulation
of the Hoechst 33342 nuclear dye (the so—called
side population - "side population"), by the ability
to form colonies under conditions of reduced adhe-
sion and initiate the growth of a tumor containing
TSC and differentiated cells originating from them
with the same phenotype as "parental’, in mice with
immunodeficiency [3].

A number of markers associated with the TSC of
solid tumors have been studied in EC. Aldehyde dehy-
drogenase 1 (ALDH1) is one of 19 different enzymes
involved in aldehyde oxidation. This enzyme is highly
active in the early stages of stem cell differentiation.
Atypical EC cells with a high level of ALDH1 expres-
sion are more tumorogenic, invasive and resistant
to cisplatin than cells with a low level of ALDH1 ex-
pression. Also, a high level of ALDH1 expression cor-
relates with a worse prognosis in patients with EC [6].
Receptor tyrosine kinase c-Kit or CD117 is a receptor
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for the Stem Cell Factor (SCF) and, upon activation,
triggers a number of intracellular signaling cascades
regulating cell survival, migration and proliferation,
including TSC [7]. When studying the cellular compo-
sition of EC, it was shown that CD117* cells isolated
from Ishikawa and MFE280 EC cultures exhibit great-
er proliferative ability, as well as the ability to form
colonies in soft agar in the presence of SCF. A high
level of CD117 expression was also recognized as an
independent prognostic factor correlating with the
progression of EC [8]. The CD55 antigen is a comple-
ment decay acceleration factor and is expressed at
a high level in the TSC of endometrioid ovarian cancer
and EC. It has been shown that CD55* cells are able
to regulate cell self-renewal and their resistance to
cisplatin to a greater extent than CD55 cells [9]. A link
with TSC has also been established for the trans-
membrane glycoprotein CD44, which plays the role
of an adhesion molecule. Cells overexpressing CD44
possess such characteristics of TSC as the ability
to self-renew and epithelial-mesenchymal transition
(EMF), as well as resistance to chemotherapy and
radiation therapy [10]. Probably, this marker is also
related to TSC EC, since oncospheres obtained on
soft agar from cells of EC cultures with stem prop-
erties are CD44 positive [3]. In addition, a number of
studies have noted the co-expression of CD44 and
another TSC marker CD133 in the EC tissue [11, 12].
The transmembrane glycoprotein of the cell surface
prominin-1 or CD133 has attracted considerable at-
tention due to the fact that its expression is often
observed in various subpopulations of somatic stem
cells. Usually, this glycoprotein is observed in the area
of various microvilli and protrusions of the plasma
membrane, where CD133 can act as a regulator of the
lipid composition of membranes or participate in the
mechanisms of cellular polarity and migration [13].
In a study by Rutella et al. (2009) subpopulations of
cells with the CD133*/CD44* phenotype isolated from
permanent endometrial cancer cell lines showed the
ability to form tumor spheres, increased chemoresis-
tance and were able to initiate the formation of a tu-
mor with the same phenotype as the original tumor
when transplanted to immunodeficient mice [14]. Gao
(2012) also investigated the AN 3CA line and showed
that CD133" cells express stem markers, demonstrate
greater mobility and invasive ability than CD133
cells [15]. In Friel's work, the expression of CD133 in
the cells of primary EC tumors and the mechanism for
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controlling the expression of this marker in them were
investigated [16]. The authors showed that CD133*
cells accounted for 5.7-27.4 % of the total population
of tumor cells in the analyzed primary tumors. These
cells had increased tumorigenicity in immunodefi-
cient mice, which suggests that these cells belong
to the TSC. Similar results were obtained in the work
of Sun (2017), where CD133*CD44* cells showed
a stronger association with all the classical prop-
erties of TSC than for other markers studied in the
work, such as CD24, CD47, CD29, CXCR4, SSEA3 and
SSEA4. The efficiency of spheroid formation in soft
agarwas 11.7 % for CD133* cells and 1.7 % for CD133
cells [17]. In addition, CD133*CD44* cells showed
an increased expression of stem cell transcription
factors Myc, Sox-2, Nanog and Oct4 compared with
other subpopulations [16], for which a direct relation-
ship with the degree of malignancy of endometrioid
carcinoma was established [18].

Despite the established connection between
CD133 and EC TSC in a number of studies, data
on the relationship between the expression of this
marker and the prognosis of the disease course
remain quite contradictory. Thus, the work of Elbasa-
teeny (2016) indicates a more pronounced associa-
tion of CD133 expression with the early stage of the
tumor (I-11) and a decrease in the expression of this
marker at later stages of the disease. The authors
suggested that CD44 and CD133 may be involved in
the development of endometrial cancer in the early
stages, and their overexpression may contribute
to the early diagnosis of endometrial cancer [11].
These results are supported by the data obtained
in Mancebo (2017), in which the authors found that
tumors in which CD133 expression was high were
less likely to have vascular invasion and more likely
to be highly differentiated, and were also associated
with higher overall and recurrence-free survival [19].
However, there is also the opposite data. Thus, Na-
kamura (2010) showed a negative correlation be-
tween CD133 expression in tumor tissue and life
expectancy without recurrence [20]. The negative
prognosis of the course of EC with increased CD133
expression in tumor tissue was confirmed in the
work of Park in 2019 [12]. The observed discrepan-
cies in the data of different authors may be related
to the fact that CD133 expression is observed not
only in the EC TSC, but also in normal cells of the
glandular epithelium of the endometrium [21]. Thus,

CTBOJIOBbIX KNIETOK

CD133 in endometrial tissue can act simultaneous-
ly as a marker of epithelial differentiation and as
a marker of OSC.

To study the dynamics, functioning and regulation
of stem cells, experimental methods are needed to
clearly distinguish between stem cells and their off-
spring. Due to the lack of unique cell surface markers
specific only to stem cells and a distinct morpho-
logical phenotype, stem cells are usually identified
based on functional criteria. Stem cells from various
tissues are usually cultured in vitro in the form of
spheroids under conditions excluding adhesion [22].
According to the literature data, the study of TSC in
EC by the method of counting spheroids in condi-
tions that do not support cell adhesion, both on sim-
ple samples obtained after sorting by any marker [14,
17] and in whole samples of the primary culture of
EC [23]. In the latter case, the quantitative analysis
was reduced to measuring the size of spheroids,
while the assessment of the quantitative content of
TSC and the establishment of a link with the clinical
and pathological characteristics of the sample was
not carried out.

The purpose of the study: to study the possibility
of using the method of spheroid formation in culture
to assess the content of EC TSC in complex sam-
ples containing various tumor cells and microenvi-
ronments. To achieve this goal, we compared the
morphological characteristics of primary EC cultures
under conditions of adhesive growth and in soft agar,
and also studied the expression of the CD133 marker
in two-dimensional cultures.

MATERIALS AND METHODS

Nine primary cultures of EC were obtained from
fragments of tumors removed during surgery per-
formed as the first stage of the treatment of EC.
Patients with EC were treated in the Oncological
Gynecology department of the National Medical Re-
search Centre for Oncology, in 2023. The histological
diagnosis was confirmed in the pathoanatomical
department of the of the National Medical Research
Centre for Oncology. The patients were aware of their
participation in the scientific study and signed an
informed consent for the collection of biological
material. The pathologist isolated a 0.5 cm? frag-
ment corresponding to the malignant component
of the tumor within 20 minutes after extraction of
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the drug and placed it in a Hanks solution (Gibco,
USA) containing 1 % gentamicin (Biolot, Russia).
Next, the sample was fragmented with a scalpel to
a size of 1-2 mm?, after which 300 u/ml of collage-
nase | (Thermo Fisher Scientific, USA) was added
in a DMEM medium (Biolot, Russia) and incubated
for an hour at a temperature of 37 °C with constant
stirring. At the end of fermentation, the sample was
additionally crushed by pipetting and passed through
a sterile nylon filter (d = 70 ym) (Beckton Dickinson,
USA). The resulting suspension was washed twice in
a phosphate buffer and passed onto a culture vial in
a DMEM medium containing 10 % FBS (Biolot, Rus-
sia) and 1 % gentamicin and cultured under standard
conditions at 37 °C and 5.0 % CO.,.

To study the ability of cells to spheroid formation,
a two-dimensional culture was removed from cul-
ture plastic using a standard technique using a 0.1 %
trypsin solution (Biolot, Russia). The resulting cell
suspension was mixed with 0.35 % agarose solution
in a serum-free DMEM medium with the addition of
insulin-transferin and growth factors EGF (20 ng/ml)
and FGF (20 ng/ml) and layered on a base of 0.7 %
agarose in the same medium. In total, 2.0 x 104 cells
were added in this way to the well of a 6-hole tablet.
There were 6 repetitions for each culture. The plates
with cells were cultured for 2 weeks, during which
time the spheroids were photographed. At the end of
cultivation, the average size was determined and the
spheroids in the well were counted using a Lionheart
FX imager (BioTek, USA) using embedded software.
The frequency of spheroid formation was calculated
as the ratio of the number of spheroids larger than
40 ym in diameter to the total number of cells pas-
sioned into the well of the tablet.

To carry out immunophenotyping on CD133, pri-
mary cultures were planted on cover glasses. After
the formation of the cellular monolayer, the glasses
were fixed in a 4 % paraformaldehyde solution for
15 minutes at room temperature, after which per-
meabilization was carried out in a 0.5 % Triton X-100
solution on a phosphate buffer for 10 minutes. Af-
ter washing, the glass was blocked for an hour in
a solution of 5 % normal goat serum (Gibco, USA) in
a phosphate buffer, after which it was kept overnight
at 4 °C in a solution of primary polyclonal rabbit an-
tibody to CD133 (ab19898, Abcam, USA) in a phos-
phate buffer (1/100 dilution) with the addition of 1 %
goat serum. After washing the glass three times, it
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was kept at room temperature for an hour in a solu-
tion of secondary goat antibody conjugated with
Alexa Flour®594 (ab150080, Abcam, USA) (1/500
dilution), after which they were washed with a phos-
phate buffer, repainted in a solution of the nuclear
dye DAPI (ab228549, Abcam, USA) and mounted
on slides in an Anti-Fade Fluorescence Mounting
Medium (ab104135, Abcam, USA). The proportion
of CD133 positive cells was determined on the Li-
onheart FX imager (BioTek, USA) using embedded
software. 3 glasses were examined for each culture.

The values of the diameter of the spheroids, the
frequency of spheroid formation and the proportion
of CD133* cells are given as a sample mean + stan-
dard deviation.

STUDY RESULTS

We received 9 primary cultures of EC from 9 pa-
tients who were treated in the Department of Onco-
logical Gynecology at the of the National Medical
Research Centre for Oncology in 2023. The results
of the pathological examination showed that 2 tu-
mors belonged to the histological type of highly
differentiated (G1), 6 to moderately differentiated
(G2) and one tumor to the low—differentiated type
G3 of endometrioid adenocarcinomas. At the same
time, lympho-vascular invasion was detected in three
cases, but none of the patients had metastases in
regional lymph nodes. All cases were attributed to
stage I-Il of the disease.

All primary cell cultures formed a monolayer on
day 3 of cultivation under conditions that support
adhesion. The EC cells in the monolayer culture were
relatively small in size and polygonal in shape, often
forming "islands" and "rosettes" that were located
among the more elongated stroma cells, presumably
fibroblasts. When cultured in conditions that do not
support cell adhesion on agarose in the medium for
TSCs, the formation of spheroids was noted in 5 out
of 9 cultures, starting from the 5th day of cultiva-
tion. In four other cultures, spheroids did not form
even after 2 weeks of cultivation. 1 culture obtained
from a highly differentiated tumor and 3 cultures
from moderately differentiated tumors did not form
spheroids. Thus, there was no obvious relationship
between the frequency of spheroid formation and
the degree of tumor differentiation. For cultures that
formed spheroids in soft agar, additional staining of
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the two-dimensional culture on the CD133 marker
was performed.

EC cell culture No. 1. Highly differentiated G1 en-
dometrioid adenocarcinoma without signs of vascu-
lar invasion. In the primary culture, single large cells
of polygonal or rounded shape were observed among
numerous elongated cells, presumably fibroblasts
(Fig. 1A).

CD133 expression is weak, and rare marker
granules are observed in all cells (Fig. 1b). The fre-
quency of CD133* cells ranged from 0.2 to 1.0 %
(0.8 £ 0.15 %). In the culture in agarose, a very slow
growth of cellular spheroids from single large cells
was observed. On the fifth day of cultivation, spher-
oids had not yet been detected (Fig. 1B), and two
weeks later small spheroids of 4-8 cells were formed
(Fig. 1G). The frequency of spheroid formation on

CTBOJIOBbIX KNIETOK

the 14th day ranged from 0.1 t0 0.7 % (0.5 + 0.1 %).

EC cell culture No. 2. Low-grade G3 endometrioid
adenocarcinoma without signs of vascular invasion.
Under cultivation conditions supporting cell adhe-
sion, the cells of the primary culture formed a mono-
layer of two types of cells, similar in appearance to
the culture of EC No. 3 (Fig. 3A): small polygonal
cells united in islands among larger and elongated
cells similar to fibroblasts (Fig. 2A).

At the same time, islands of polygonal cells could
form spheroid-like structures, within which increased
CD133 expression was observed. Also, among the
monolayer, there were individual large cells express-
ing CD133 above the general level (Fig. 2B). The
frequency of CD133* cells ranged from 2.7 t0 8.0 %
(4.8 £ 1.5 %). On the fifth day of cultivation in condi-
tions that do not support adhesion, in the medium
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Fig. 1. Primary culture of endometrial cancer No. 1. A — general view of monolayer culture; B — staining of monolayer culture on CD133;
C - view of cellular spheroids in agarose on the 5th day of cultivation. G — a type of cellular spheroids in agarose on the 14th day of

cultivation. The size of the scale ruler is 200 um
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for TSC, the culture of EC No. 3 formed small cellu-
lar spheroids of 4-8 cells with a frequency of about
15 % (Fig. 2B). Further, some of the cell spheroids
showed rapid growth and after two weeks of cultiva-
tion reached 80-150 pym in diameter (110.3 + 32.7
um). The frequency of spheroid formation on the 14th
day ranged from 0.310 2.5 % (1.5 + 0.8 %) (Fig. 2G).

EC cell culture No. 3. Moderately differentiated G2
endometrioid adenocarcinoma with signs of vascular
invasion. The culture in the monolayer had a pro-
nounced division into small polygonal cells, united
into islands among larger and elongated cells similar
to fibroblasts (Fig. 3A).

Immunofluorescence staining showed an in-
creased content of the CD133 marker in small po-
lygonal cells, while individual cells showed a partic-
ularly bright label (Fig. 3B). The frequency of CD133*

cells ranged from 5.8 10 16.9 % (11.2 + 5.2 %). When
grown on agarose in a medium for TSC on the 5th
day in culture, about 15 % of the cells formed spher-
oids 5-30 ym in diameter (Fig. 3C). After two weeks
of cultivation in agarose, individual cellular spheroids
increased in size to 30-150 pym in diameter, the re-
maining spheroids degraded (98.3 + 51.4 ym). The
frequency of spheroid formation on day 14 ranged
from 0.310 10.1 % (5.7 £ 4.1 %) (Fig. 3D).

EC cell culture No. 4. Moderately differentiated
G2 endometrioid adenocarcinoma without signs of
vascular invasion. In the monolayer culture, large po-
lygonal cells were observed separately or assembled
in small groups against the background of elongated
cells of various sizes (Fig. 4A).

When stained with the CD133 EC TSC marker,
a positive reaction was shown not only by large po-

Fig. 2. Primary culture of endometrial cancer No. 2. A — general view of the monolayer culture; B — staining of the monolayer culture on
CD133; C - type of cellular spheroids in agarose on the 5th day of cultivation; D — type of cellular spheroids in agarose on the 14th day of

cultivation. The size of the scale ruler is 200 ym
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lygonal cells and their clusters, but also by numerous
small elongated cells. Large multinucleated cells
positive for CD133 were also found in the prepara-
tion (Fig. 4B). The frequency of CD133* cells ranged
from 40.1 to 65.2 % (average 52.2 + 10.2 %). After
five days of cultivation in agarose, about 5-10 % of
the culture cells formed small loose spheroids of
4-16 cells (Fig. 4C), two weeks later the spheroids
increased to 20-80 um in diameter (54.7 + 28.4 ym),
the frequency of spheroid formation on the 14th day
ranged from 2.1 t0 8.4 % (5.1 £ 2.7 %) (Fig. 4D)

EC Culture No. 5. Moderately differentiated G2
endometrioid adenocarcinoma without signs of vas-
cular invasion. In the monolayer culture, islands of
rather large polygonal cells of epithelial morphology
were found among elongated cells of stromal origin
(Fig. 5A).

CTBOJIOBbIX KNIETOK

The reaction to CD133 was similar to the
EC culture No. 2, namely, positive staining was
demonstrated by individual large cells of elongat-
ed or epithelial morphology with a certain group
of small elongated cells, which, due to staining,
stand out against the background of larger elon-
gated cells negative for CD133 (Fig. 5B). The fre-
quency of CD133* cells ranged from 22.4t0 51.2 %
(35.5 £ 12.7 %). On the fifth day of cultivation in
conditions that do not support adhesion, EC culture
No. 5 formed small cellular spheroids of 2—-4 cells
with a frequency of about 5 % (Fig. 5C). Further,
some of the cell spheroids showed rapid growth
and reached 30—-80 pm in diameter after two weeks
of cultivation (average 55.4 + 25.1 ym). The fre-
quency of spheroid formation on day 14 ranged
from 0.510 2.8 % (1.8 £ 0.9 %) (Fig. 5D).

Fig. 3. Primary culture of endometrial cancer No. 3. A — general view of the monolayer culture; B — staining of the monolayer culture on
CD133; C — type of cellular spheroids in agarose on the 5th day of cultivation; D — type of cellular spheroids in agarose on the 14th day of

cultivation. The size of the scale ruler is 200 pm
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The characteristics of primary EC cultures are
combined in the table (Table 1).

The lowest frequency of spheroid formation, as
well as the lowest frequency of CD133* cells, were
observed in a culture obtained from a highly differ-
entiated tumor.

DISCUSSION

In all the obtained primary cultures, the presence
of a stromal component is noted, represented by
elongated cells of different sizes, demonstrating
a negative (No. 1, No. 2, No. 3) up to medium and
high CD133 expression (No. 4, No. 5). In addition, po-
lygonal cells are noted in cultures, which occur as is-
lands among stromal cells. Their sizes vary between
cultures, and on this basis, cultures can be divided

g ; UQ@' ; . Tm

into two groups — including small polygonal cells that
assemble into dense colonies-"domes" (cultures No.
1 and No. 2), and including larger polygonal cells that
can form flat islands of different sizes (cultures No.
1, No. 4 and No. 5). The expression of the CD133
marker in these cells is quite pronounced, especially
against the background of a weakly colored stromal
component consisting of large cells (cultures No. 4
and No. 5).

The presence of elongated or process-shaped
cells resembling fibroblasts in primary EC cultures
and capable of forming spheroids under conditions
that do not support cell adhesion was also noted in
the work of Helweg (2022) [23]. The picture of the
composition of cell cultures obtained by us is also
similar in cell morphology to the results obtained in
the work of Chan et al. (2004) [24]. In this study, the

Fig. 4. Primary culture of endometrial cancer No. 4. A — general view of the monolayer culture; B — staining of the monolayer culture on
CD133; C — type of cellular spheroids in agarose on the 5th day of cultivation; D — type of cellular spheroids in agarose on the 14th day of

cultivation. The size of the scale ruler is 200 pm
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Fig. 5. Primary culture of endometrial cancer No. 5. A — general view of monolayer culture; B — staining of monolayer culture on CD133;
C - type of cellular spheroids in agarose on the 5th day of cultivation; D - type of cellular spheroids in agarose on the 14th day of cultivation.
The size of the scale ruler is 200 um

Table 1. Summary characteristics of primary endometrial cancer cultures

Lymoho- The frequency of The diameter of
Culture ymp Reaction to CD133, proportion of spheroids = 40 the spheroids for
Grade vascular o
No. invasion CD133+ cells, mean + SD % um per 14 days, 14 days, average
average * SD, % + SD, pm

0.8 £ 0.15 %, weak reaction in some
No. 1 G1 n/p large stromal cells, single polygonal 0.5%0.1 20+10
cells with bright coloration

4.8 £ 1.5 %, small polygonal cells in

No.2 G3 n/p dense colonies, individual stromal cells

1.5+08% 110.3£32.7

11.2 £ 5.2 %, small polygonal cells in

' 57+41% 98.3+51.4
dense colonies

No. 3 G2 p

52.2 +10.2 %, polygonal process large
No. 4 G2 n/p multinucleated cells, stromal small 51227 % 54.7 +28.4
elongated cells

35.5+12.7 %, separate large and small
No. 5 G2 n/p elongated stromal cells, separate large 1.8+09% 55.4+25.1
polygonal cells

Note: not present - n/p, present — p
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authors studied the behavior in culture of various
cells of the normal human endometrium isolated
from the epithelial and basal layers [24]. According
to the authors, the epithelial layer gave two groups
of polygonal cells — small cells that gather in close
colonies with a high ability to proliferate, and larger
cells that form looser colonies on cultural plastic.
The stromal component of endometrial tissue con-
sisted of two types of elongated cells: large loosely
lying cells and small closely lying cells, giving curls in
a monolayer. In addition, human endometrial stromal
cells were positively stained for fibroblast markers
(CD90, 5B5, type | collagen), which confirms the re-
lationship of these cells to fibroblasts and, possibly,
myofibroblasts, which express markers of both fibro-
blasts and smooth muscle cells. Thus, based on the
picture of the two-dimensional culture obtained in our
work, it is impossible to unambiguously identify which
cells belong to the TSC, since externally they are little
distinguishable from normal endometrial cells.

The expression of the TSC CD133 marker in the
cultures obtained by us ranged from 0.8 to 52.2 %
on average. The data obtained go beyond the range
of 5.7-27.4 % indicated by other authors [16, 17].
A nonlinear relationship between CD133 expression
and the degree of tumor differentiation was also
revealed — both high and low differentiation were
associated with reduced immunoreactivity on CD133
compared with average differentiation. No connec-
tion was found between the level of CD133 expres-
sion, the degree of differentiation and other clinical
and pathological characteristics of the tumor also
in Nakamura [20]. CD133 is known to occur in nor-
mal differentiated endometrial cells. Thus, based on
existing data, it is impossible to determine to what
extent CD133 expression reflects the degree of cell
malignancy in primary EC cultures and the level of
their differentiation. To solve this problem, more ex-
tensive studies are required, including a comparison
of normal endometrial tissue and RE.

The frequency of spheroid formation in our cul-
tures ranged from 0.5 to 5.7 % on average. It is
known that the frequency of cells with SC proper-
ties in the normal endometrium is 0.02-0.1 % [24].
It would not be too much of an assumption to accept
these levels as indicative for estimating the frequen-
cy of spheroid formation in cultures of normal en-
dometrium. In the scientific literature, we have not
found data on the frequency of spheroid formation in

26

conditions that do not support cell adhesion in whole
EC cultures, since individual subpopulations purified
by marker expression or nuclear dye retention are
usually the object of research. However, taking into
account the fact that the frequency of spheroid for-
mation is the highest among CD133* EC cells and
amounts to 11.7 % in this subpopulation [17], as well
as the fact that the total content of these cells in EC
ranges from 5.7 to 27.4 % [16], we can multiply these
indicators to obtain an approximate the frequency of
spheroid formation in a mixed culture of EC, which
in this case will be 0.7-3.2 %. Thus, our results lie in
the range corresponding to the known data on EC,
therefore, the main part of the spheroids in our cul-
tures is presumably formed by malignant cells with
the TSC phenotype.

Our data show that in EC cultures, the overall re-
sponse to CD133 does not show a clear relationship
with the frequency of spheroid formation. Thus, in
cultures No. 4 and No. 5, the frequency of spheroid
formation is an order of magnitude lower than the
content of CD133* cells. In this regard, the question
arises as to which cells are the sources of spheroids
in EC cultures? Comparison with the morphological
features and phenotype of the normal endometri-
um [21, 24, 25] indicates a number of patterns. Thus,
in culture No. 1, obtained from a highly differentiated
tumor, in a monolayer we see large cells similar to
the limited dividing progenitor cells of the stromal
and epithelial components of the normal endome-
trium [24]. The expression of the CD133 marker in
these cells is very weak, while this culture formed
small lymphoid (loose) spheroids on soft agar with
a frequency of less than 1 %. Lymphoid colonies in
conditions that do not support adhesion can form
immune cells, namely, T lymphocytes and NK in the
presence of specific cytokines such as IL-2, IL-15 or
IL-7 [26]. Nevertheless, their characteristic appear-
ance can be considered a reliable difference between
lymphocytes and other cells — even in a stimulated
state, these are small cells (6—15 pm) with a high
nuclear-cytoplasmic ratio [27]. In our case, the cells
in the colonies have larger sizes (about 40 pm in
diameter), which means that they are not lympho-
cytes with a high probability. At the same time, the
spheroids of culture No. 1 are similar to the lymphoid
colonies that were obtained from the EC tissue in
Tabuchi's work [28]. Culture No. 2, obtained from
a low-grade tumor (G3), also contains ¢d133 fibro-
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blast-like cells, however, a subpopulation of small
polygonal cells stands out well against their back-
ground, demonstrating bright immunoreactivity on
CD133, which morphologically most resembles cells
with stem properties, in the work of Chan et al. [24].
Also in this culture, when grown on soft agar, large
(about 90 pm in diameter) spheroids were observed,
albeit with a small frequency (about 1.5 %). Despite
the fact that no special marker selection was car-
ried out, it would be a small assumption to assume
that these CD133* cells form spheroids, since large
fibroblast-like cd133 cells did not produce similar
large spheroids in culture No. 1. Confirmation of this
assumption may also be the fact that culture No. 3,
similar in phenotype to culture No. 2, with a subpop-
ulation of small CD133* cells forming dense colo-
nies clearly standing out against the background of
a weakly colored stromal component, also formed
large (about 115 pm in diameter) spheroids in soft
agar with a frequency of about 10 %. Another source
of spheroids may be small spindle-shaped cells
brightly colored on CD133, found in cultures No. 5
and No. 4. The morphological features of these cells
correspond to tissue stem cells, of which CD133 ex-
press, for example, epithelial or endothelial SC, which
are normally present in the endometrium [30, 31].
According to the literature data, the size and appear-
ance of colonies formed on soft agar by such normal
stem cells do not differ from spheroids obtained
from TSC [31]. Finally, for a subpopulation of rela-
tively large polygonal CD133* cells that are present in
cultures No. 4 and No. 5, the connection with spher-
oids cannot be traced, although these cells can be
confidently attributed to the malignant component,
since they sometimes show signs of multinucleation.

CTBOJIOBbIX KNIETOK

It can also not be argued that CD133-negative cells
do not produce spheroids on soft agar, since in the
work of Ding [29], in particular, they showed that both
CD133* and CD133 cells sorted from endometrial
tumor tissue by this marker can form spheroids, but
in the second case less effectively.

Thus, it is impossible to unambiguously determine
which of the cells of the primary EC cultures obtained
by us took part in the formation of spheroids. Some
presumptive relationship can be established only
for small epithelial and fibroblast-like CD133* cells,
of which only the first can be conditionally classi-
fied as malignant. To identify exactly TSC EC, it is
necessary to conduct a comparative study of cell
cultures on soft agar obtained from tumor tissue
and the corresponding normal tissue, in combination
with cell sorting using markers CD133, CD44, CD117,
CD24, CD47 and others, for which a connection with
TSC and normal stromal stem cells has been estab-
lished [32].

CONCLUSION

We were able to obtain and characterize the cul-
ture of cellular spheroids from the postoperative EC
material. However, the indicators of the frequency
of spheroid formation and the average size of spher-
oids in this culture cannot serve as a marker of the
amount of TSC in tumor tissue without comparing
these data for tumor tissue and normal endometri-
um. A more detailed study of the cellular subpopula-
tions of EC in comparison with normal endometrium
is required to establish a link between the observed
diversity of cells in culture and their ability to spher-
oid formation and other characteristics of TSCs.
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