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ABSTRACT

Purpose of the study. Determine the content of cancer stem cells (CSCs) in the tumor tissue (TT) and perifocal tissues (PT)
in muscle-non-invasive bladder cancer.

Materials and methods. We've examined fragments of TT and PT of 7 muscle-non-invasive bladder cancer (NMIBC) after
surgical intervention — transurethral resection of the urinary bladder (TUR). In tissue samples that were used to obtain cell
suspension of TT and PT using the BD Medimachine apparatus (BD, USA) was treated with monoclonal antibodies CD45-APC-
Cy7, CD44-FITC, CD133-PE, CD24-PE (BD, USA) and were assessed on flow cytometer FacsCantoll (BD, USA). The percentage
of cells with CSC phenotypic markers was determined in the analysis sample: CD45-CD44+*CD24*, CD45-CD44*, CD45-CD24*,
CD45-CD133*, CD45-CD44+*CD133*. The presence of significant differences in the groups was evaluated using the STATISTICA
13 software package and the differences between the samples were considered significant at p < 0.05. The percentage of
cells of the corresponding phenotype was calculated relative to the total number of cells. The percentage of cells with the
corresponding phenotype was calculated relative to the total number of cells.

Results. The relative numbers of cells with CSC phenotypic markers, such as CD24, CD44, were 77 % and 58 % higher in TT
thanin PT: 18.3+3.5vs. 4.3+2.1,p<0.044 and 15.5+ 5.3 vs. 6.5 + 0.8, p < 0.043, respectively. The number of CD133* cells
was 83 % higher in PT comparedto TT—41.6 + 12.1 vs. 22.7 + 7.6, p < 0.047.

Conclusion. The study of CSCs is a promising direction for the study of oncogenesis and can be used to assess the nature
of the further development of relapse and / or progression of the disease, as well as various therapeutic approaches that are
aimed at eliminating with CSC phenotypic markers and blocking the pathways leading to the emergence and maintenance of
this cell population in patients with NMIBC.
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OPUTUHATIbBHASA CTATbA

OTHOCMTENBHOE COAEPXXAHUE ONYXONEBBIX CTBONOBBIX KJIETOK B TKAHK
0nyxoau U NEPUTYMOPANIbHOM 30HE MbILUEYHO-HEMHBA3UBHOIO PAKA
MO4EBOIO NY3bIPA
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PE3IOME

Lienb uccnepgoBanus. OnpefenuTb cofiep)XaHue onyxoneBbIX KeToK ¢ heHoTUnom cTBosoBbix (OCK) B TKaHW onyxonu
1 NepUTyMOpasnbHOM 30He NpU MbllLeYHO-HEMHBA3WBHOM pake MoyeBoro ny3bips (MHUPMIT).

Martepuanbi u MeTogbl. UccnepoBaHbl hparMeHTbl onyxoneBoi TkaHu (OM) u TKkaHW nepuTymMopasnbHoi 3oHbI (M3) 7 na-
LIMEHTOB C BMepBble BbISIBIEHHbIM MbILLIEYHO-HEUHBA3WBHbBIM PakoM Mo4yeBoro ny3sbips (MHUPMI) nocne nposefieHus
onepaTMBHOro BMeLLaTeNbCTBa B 06beMe TPaHCypeTpasibHOM pe3ekLumun MoyeBoro ny3sbips (TYP). B o6pa3uax TKaHei, Ko-
TOpble UCMONb30BaUCh AJIA NONYYEHNUs KIeToUHo cycrneHaum O u M3 ¢ noMouwbio annapaTta BD Medimachine (BD, USA),
C UCMONb30BaHMEM MOHOK/OHaNbHbIX aHTUTeNn CD45-APC-Cy7, CD44-FITC, CD133-PE, CD24-PE (BD, USA), ocywiecTensnm
onpegeneHne heHOTUMNYECKMX XapaKTEPUCTUK KNETOK Ha MPOTOYHOM LuTomeTpe FacsCantoll (BD, USA). B aHanuaupye-
MbIXx o6pa3Lax onpesenssim NPoLEHTHOe cofepXXaHne KneTok ¢ peHoTunom cteonoBbix: CD45-CD44*CD24+, CD45-CD44,
CD45-CD24*, CD45-CD133*, CD45-CD44*CD133*. Hannune AOCTOBEPHOCTU pasnyuii B rpynnax oLeHnBsany npyu nomMoLLm
nporpaMmHoro naketa Statistica 13, pasnuuusa mexxay BbI6opkaMu cunTanu ocToBepHbiMU npu p < 0,05. PacyéTt npoueHT-
HOro cofiepXXaHue KJ1eToK COOTBETCTBYHoLLEero GpeHoTHNa NPOM3BOAMICS OTHOCUTENBHO O6LLLEro Yncna KneTok.
Pesynbratbl. OTHOCUTENBHOE COoEPXXaHMe KIETOK, uMerownx peHoTunnyeckne mapkepbl OCK Takune kak CD24, CD44,
B Ol 6611 Ha 77 % 1 58 % 6onblue, YyeM B 13, cooTBeTcTBeHHO 18,3 + 3,5 npoTne 4,3 + 2,1, p < 0,044 15,5 + 5,3 npoTue 6,5
+ 0,8, p = 0,043. KonnyectBo CD133* — kneTok okasanocb 6osblue Ha 83 % B 13 no cpaBHeHuto ¢ O - 41,6 + 12,1 npoTuB
22,7 +7,6,p<0,047.

3akntoyeHue. i3yyeHne onyxonesbix CTBOSIOBbIX K/IETOK B HACTOsILLee BPeMSA ABNAETCA NepCneKTUBHbIM HanpasieHnem
AN U3yYeHUs pa3BUTHSA 3N10KaYECTBEHHOMO NpoLecca U MOXET BbITb MCMOMb30BaHO AN MPeAVKLMK U OLLeHKK XapakTepa
JanbHeNLwwero pasBuTUS peLnanBa u/wnv NporpeccupoBaHnsa 3a6oneBaHus, a Takxke, B fanbHeiLeM, ANia NpUMeHeHUs
pasnUYHbIX NOAXOLOB Tepanuu, KoTopble 6yAyT HanpaB/eHbl Ha YCTPaHEHWE KIIETOK ¢ PEHOTUMNOM CTBOJSIOBbIX U 6JTOKUPO-
BaHWs NyTeil, KOTOpble NMPUBOAAT K BOSHUKHOBEHUIO 1 NOALEPXKAHMIO JaHHOW MONyNALMM KNeToK y 60nbHbIx ¢ MHUPMI.
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Bladder cancer (BC) is one of the main prob-
lems in the structure of the general oncourological
morbidity accounts for 4.6 %, inferior to malignant
kidney formations [1; 2]. Without appropriate and
timely assistance, this malignant neoplasm (MN)
can lead to severe disability and a significant dete-
rioration in the quality of life of patients. About 400
thousand new cases of the disease are registered
annually in the world [3]. BC is on the 7th place in
the structure of cancer incidence in men and 17th
place in women in the world [2]. In the structure of
the general (both sexes) oncological morbidity in
Russia, BC occupies the 13th place (2.7 %), in men
this pathology occupies the 9th place (4.6 %), and the
16th in women, thereby forming a fairly significant
group of malignant neoplasms of the genitourinary
system, accounting for 25.1 % of all MN. The average
age of men who became ill in Russia is 66.7 years,
women — 68.8 years [4]. In 2020 1,594 people with
newly diagnosed BC were registered in the Southern
Federal District, and 389 people were registered in
the Rostov Region [5].

Muscle-noninvasive BC (NMIBC) at the stages
of Ta, T1, q carcinoma (CIS) according to the TNM
classification accounts for about 70 % of cases [2],
muscle-invasive BC (MIBC), as well as metastat-
ic forms — about 30 % [6]. The metastatic form is
characterized by a rather aggressive course and high
mortality. The 5-year survival rate for patients with
metastatic BC is less than 6 % [7].

Currently, treatment methods and prognosis of the
further course of BC are based on the classification
of TNM and for NMIBC on prognosis groups, taking
into account a number of factors. Despite this, the
long-term results of treatment of patients belonging
to the same classification groups and receiving iden-
tical treatment may vary significantly. In this regard, in

order to fully predict the course of BC, it is necessary
not only to determine the histological structure of the
tumor, the degree of its differentiation, but also to
take into account the influence of individual factors
that determine the clinical behavior and biological
aggressiveness of the tumor [8].

Under the influence of carcinogens in the epithe-
lium of the bladder, the probability of changing the
functional state of a heterogeneous cell population
increases, the mechanisms of cell cycle control are
disrupted, various mutations occur, which leads to
changes in the processes of cell proliferation and dif-
ferentiation. Studies on transgenic mice have shown
that epithelial stem cells with HRAS or FGFR3 mu-
tations can transform into tumor stem cells of blad-
der cancer that develop in NMIBC (local mutations
in 12, 13 or 61 codons of the oncogene HRAS1 [9],
activating local mutation in 7 and 10 exons of the
fibroblast growth factor receptor gene 3 [10], PIK-
3CA missense mutations [11]), whereas stem cells
with mutations of the p53/Rb/PTEN gene transform
into tumor stem cells of the urothelium, which cause
NMIBC (deletion of chromosome 9p21, etc.) [9; 12].
The characteristic features of NMIBC are activating
mutations and overexpression of proto-oncogenes
(FGFR3, HRAS, etc.), in most cases, which are ac-
quired gene abnormalities [9].

Currently, the main method of diagnosis of NMIBC
is histological analysis of the material obtained after
transurethral resection of the bladder, with which it is
possible to determine the depth of invasion and the
degree of differentiation of the tumor [13].

Recently, the question of early prediction and pre-
vention of BC development has become acute, on
which the course of the disease and it's outcome
depend, as well as the possibility of timely qualified
care.

Table 1. Bladder cancer biomarkers’ characteristics in terms of urine study

Marker Sensitivity, % Specificity, %
UroVysion 66

BTA assessment test (Bladder Tumor

Antigen) 64 for G,, 92 for G, 90
Cytokeratin level measurement 19

(CYFRA 21-1) 55.7 for G,, 91.9 for G, 85.5
NMP22 85.7

ImmunoCyt/uCyt+ essay

79.3 for G,, 92.1 for G,

80 for G,, 92 for G,
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The diagnostic spectrum of BC biomarkers is di-
verse, but the accuracy of the techniques and their
prognostic value aren't high enough and have limited
use in the clinic, as can be seen from the Table 1,
which presents some markers for the diagnosis of BC
and their main characteristics, according to various
studies published at the moment [14].

Recently, the role of tumor stem cells (CSC) in
the diagnosis and evaluation of the effectiveness
of cancer treatment has been actively studied. CSC
(CSC-Cancer Stem Cells) is a specific tumor cell,
which is characterized by the ability to asymmetric
division, self-renewal in vivo, causes the growth of
a tumor identical to the original one. A distinctive fea-
ture of CSS is their increased resistance to antitumor
effects. It is known that antitumor drugs are aimed
at eliminating most of the tumor masses sensitive
to the antitumor agent, however, it has been proven
that the nucleus of cells in the form of CSC remains
in the body, which, in turn, may have the ability to
restore, proliferate and progress the disease [15]. In
this regard, the identification of CSC is an important
aspect in assessing the effectiveness of the methods
used to treat cancer pathology.

Despite the experimental and theoretical data
accumulated to date, many biological properties of
CSC, their involvement in the pathological process
and their influence on the processes of recurrence
and progression remain poorly understood.

The purpose of the study: was to determine the
content of tumor cells with the stem cell phenotype
in tumor tissue and peritumoral area in noninvasive
muscle BC.

MATERIALS AND METHODS

Fragments of tumor tissue (TT) and tissue of the
peritumoral zone (PZ) of 7 patients with newly diag-
nosed noninvasive muscle bladder cancer (NMIBC),
all patients have given written consent to the transfer
of biological material and the processing of person-
al data. Histological structure — papillary urothelial
carcinoma of low malignancy (low-grade). In 2 peo-
ple, the tumor is localized along the back wall of the
bladder, in 5 people, the tumor is localized on the side
walls of the bladder. 5 patients had 1-2 tumors in
the bladder, in 2 patients the tumor had a multifocal
character. The 1st patient has a history of MN of
a different localization (prostate cancer), 1 patient
has a history of chronic viral hepatitis C and HIV

MOYEBOrO Ny3blps

of art. lll, 1 patient is a convalescent of COVID-19
pneumonia.

All patients underwent transurethral resection of
the bladder (TUR), in which material was taken: a frag-
ment of the tumor (up to 1.5 cm in size), a fragment
of the perifocal zone (retreating from the tumor by at
least 0.8 cm, but not more than 1.5 cm). The obtained
tissue fragments immediately after sampling and
delivery to the laboratory were used to obtain a cell
suspension using BD Medimachine (BD, USA). The
cell suspension was treated with a panel of monoclo-
nal antibodies: CD45"APC-Cy7, CD44-FITC, CD133-PE,
CD24-PE in accordance with the manufacturer's in-
structions (BD, USA). The phenotypic characteristics
of the cell suspension in order to identify cells with
the USC phenotype were evaluated on a FacsCantoll
flow cytometer (BD, USA). In the analyzed samples,
the percentage of cells with the USC phenotype
was determined: CD45°CD44*CD24*, CD45°CD44*,
CD45°CD24+, CD45CD133*, CD45°CD44*CD133*. The
percentage of cells of the corresponding phenotype
relative to the total number of cells was calculated.

Patients after the treatment in the volume of the
TOUR are under dynamic observation, continue to
receive adequate treatment in accordance with the
clinical recommendations of the AOR in the volume
of intravesical chemotherapy, followed by a control
study and, if necessary (the presence of relapse or
progression of the disease), a decision on further
diagnosis and treatment tactics.

Statistical processing was performed using the
STATISTICA 13 package (StatSoft Inc., USA). The
nature of the distribution of the obtained data was
evaluated using the Shapiro-Wilk criterion. Since the
obtained data had a normal distribution, the results
were presented in the form of the arithmetic mean
and the standard error of the arithmetic mean (M +
s). To compare the average values of quantitative
indicators in groups, in the case of a normal distribu-
tion law, the parametric Student criterion was used,
in another case, the nonparametric Mann-Whitney
criterion. The differences were considered significant
atp <0.05.

RESEARCH RESULTS

The conducted research revealed a number of
features of the relative content and distribution of
tumor cells with the stem phenotype. It should be
noted that the decisive role in the development of
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cancer is played by the environment of the tumor,

DISCUSSION

i.e. those interactions formed between the tumor

cell and different types of surrounding cells in the
peritumoral zone, changes in which can contribute
to further invasion of the process. The number of
CDA45 cells was analyzed, the pool of which is highly
likely to include tumor cells with a stem phenotype.
The number of CD45 cells in TT and PZ did not differ
significantly, amountingto 61.3 £ 5.8 and 71.8 + 12.6.
The relative content of cells with phenotypic CSC
markers such as CD24, CD44 in TT were 77 % and
58 % higher than in PZ, respectively, 18.3 + 3.5 vs.
43+21,p=<0.044,155+5.3vs.6.5+0.8,p<0.043.
The number of CD133* cells was 83 % higher in PZ

comparedto TT-41.6+12.1vs.22.7+7.6,p<0.047. pathology.

In tumors of the BC content of the cells with the
phenotype CD44*CD24* and CD44*CD133* exceeded
the values in PZ 80 % and 63 %, respectively, of 10.3
+49vs21+04,p=<0.039inch, 9,0 £ 4,5 versus 3.3

+0,9, p < 0,046.

So, cells with the CSC phenotype (CD45"
CD44+CD24* CD45°CD44* CD45°CD44+*CD24* and
CD45°CD44+CD133*) predominate in the tumor tissue.
The peritumoral zone was dominated by cells with
the CD45°CD133* phenotype (Fig. 1).

80
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22.7%

® Tumor Peritumoral zone

Fig. 1. Relative count of CSC, TT and PZ.
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For the first time, CSCs were isolated by D. Bon-
net and Y. E. Dick (1997) in acute myeloid leukemia
CD34+/CD38", and later in various solid tumors [16].

In BC, USCS were first described in 2009 by
K. S. Chan et al., their greater content was found in
MIBC than in NMIBS [17]. Markers of CSC in BC are
a number of phenotypic determinants CD44, CD133,
CD47, CD49, 67LR (67-kD laminin receptor), as well
as a characteristic set of cytokeratins (keratin 14, 5
and others) [15]. The use of CD133 for the detection
of CSC in MN of the bladder is not often noted, its
study continues in terms of informativeness in this

Based on the sequencing of 59 cells from three
bladder cancer samples (including BC stem cells,
non-BC stem cells, epithelial bladder stem cells,
epithelial non-bladder stem cells) Yangetal. the or-
igin of BC tumor cells from epithelial stem cells of
the bladder or epithelial non-stem cells of the blad-
der has been suggested [18]. Probably, urothelial
stem cells are located in the basal cell layer and
are able to repair damage to the bladder. Based on
the conducted studies of the experimental mod-
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el, the origin of MIBC from urothelial stem cells of
the basal cell layer was confirmed. BC tumor stem
cells are CD44*CK5*CK20", have phenotypic markers
characteristic of basal cells [19]. CD44* cells were
detected in the basal layer of normal urothelium and
urothelial carcinoma, in addition, the cells of the
intermediate layer also express CD44. It has been
shown that due to a mutation in the FGFR3 gene,
intermediate layer cells transform into malignant
papillary carcinoma of low malignancy and bladder
hyperplasia [20].

Experiments to track clones on a mouse tumor
model, to which cells isolated in vivo were injected
intradermally, demonstrated that papillary tumor
cells mainly originate from the intermediate layer.
In the study of more than 300 samples of patients
with transitional cell carcinoma of the bladder, 40 %
contained CD44* cells. Histological analysis showed
that the xenografts of the tumor retained a histology
similar to that of the patient's original tumor. Cells
with the CD44* phenotype have a high oncogenici-
ty (200 times higher than CD44-tumor cells of BC),
and the ability to self-renew. The frequent and sig-
nificant expression of CD44 in normal tissues and
tumors contradicts the idea of the relative rarity of
USC, and therefore there is a need to combine CD44
with other markers, for example, CD133 or CD24 to
detect CSC [14].

It is known that increased expression in CD44
tumor cells causes metastasis, self-maintenance of
these cellular elements, and also contributes to the
formation of drug resistance against the background
of resistance to apoptosis. A number of studies have
revealed a correlation between the presence of CD44
and the degree of prevalence of BC. The presence
of CD44* showed a lower survival rate and incom-
plete response to previous therapy (chemo and/or
radiotherapy), thus, a change in the expression of
CD44, which is an adhesive protein and promotes
cell migration, can act as one of the mechanisms
causing the process of recurrence and progression
of BC [21].

Summarizing the data obtained from our work, we
found a greater number of CD44* cells in the tumor
tissue, which is consistent with the literature data
and may indicate an unfavorable course of the dis-
ease, as well as the possibility of using this marker
as a marker for predicting disease recurrence after
complex treatment.

CD133 (AC133, prominin 1) is a glycoprotein that

MOYEBOrO Ny3blps

was first discovered by H. Yu et al. in 1997 as a cell
surface protein expressed on CD34* hematopoietic
progenitor cells [22]. Transplantation of tumor stem
cells expressing CD133 to mice with immunodeficien-
cy generated histologically similar tumor tissue with
self-renewal [23]. In a study by Huang P. and co-au-
thor in 2013. It was demonstrated that the CD133*
subpopulation of human bladder cancer cells was
characterized by activation of pluripotent stem cell
markers — Oct-4 and Sox-2, while demonstrating more
aggressive proliferation compared to the CD133-sub-
population. The CD133* subpopulation also tended to
form colonies, which indicates a strong clonogenic
ability, i.e. they have phenotypic features associated
with CSC [24]. The presence of CD133 on the surface
of tumor cells causes the preservation of their stem
properties, as well as the launch of the formation of
differentiated malignant cells [25].

In our work, CSC with the CD133* phenotype were
found in greater numbers in the peritumoral zone.
Based on this, it can be assumed that this marker
functions as a modulator of the effects of a wide
range of cytokines, affects the activity of various
membrane receptors, and an increase in this mark-
er can lead to structural and functional changes in
cells with an increase in the probability of their tumor
transformation.

Previously published studies have proven the
important role of CD24 in the development of on-
cogenesis and the progression of various types of
malignant neoplasms, including renal cell carcinoma
(RCC), nasopharyngeal cancer, hepatocellular car-
cinoma (HCC), ovarian cancer, non-small cell lung
cancer (NSCLC), breast cancer and others. This mu-
cin-like cell membrane protein is expressed in many
types of tumor tissue. In breast cancer, a correlation
was noted between the overexpression of CD24, the
prevalence and progression of the disease [26]. CD24
expression was slightly correlated with lymphovas-
cular invasion of the BC tumor, whereas CD133 was
associated with distant metastases and aggres-
siveness of the tumor process. Tumor cells with the
phenotype of stem CD133*CD24* are characteristic
of more aggressive forms, low differentiated (high
grade) bladder carcinomas of high malignancy [25].

CONCLUSION

Thus, based on a small sample size, it's possible to
assume some phenotypic and quantitative features of

11
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CSC in tumor tissue and peritumoral zone in NMIBC.

The study of CSC is a promising direction for the
study of oncogenesis, and with further study, there
is a high probability of using these markers to as-
sess the nature of the development of relapse and/
or progression of the disease, as well as for new
different therapy approaches aimed at eliminating
cells with the CSC phenotype by affecting surface

markers and corresponding signaling pathways that
lead to the emergence and maintenance of this cell
population. Despite all the available scientific work
related to the search for new effective methods of
diagnosis, the study of CSC and their impact on the
process of occurrence, metastasis in BC — have not
been studied enough, and therefore it is planned to
further study these cells with the stem phenotype.
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