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AHHOTAITUA

BBeneHwue. PakAuuHUKA — 0/IHA U3 CAMBIX aTPECCUBHBIX 3JI0KAYECTBEHHBIX OITyXO0JIEH )KEHCKOU PENPOYKTUBHOMN
CHCTEMBI, OTJINYAIOIIAACA BBICOKOU CMEPTHOCTBIO U CJIO?KHOCTBIO PAHHETO BhIABIeHNA. Ha HAUaIbHBIX CTaTUAX PaK ANY-
HUKAa, KaK IIPaBUJIO, IIPOTEKaeT 6ECCUMIITOMHO, YTO 3aTPYHSIET €0 IMaTHOCTUKY /0 MOMEHTA, KOT/ja 3a00JIeBaHuE JJOCTH-
raeT MPOJIBUHYTHIX KJIMHUYECKUX CTAI[UN.

Il e 1 b . IIpoEMOHCTPUPOBATH KIIMHUKO-MOPGOJIOTHYECKHE U TPOTHOCTUYECKHE OCOOEHHOCTH PaKa AMYHUKA C UMMY-
HOTHCTOXMMHYECKOH dKcrpeccueit CD117.

MaTtepuanabs W MeToO/ bl . IIpoBe/ieH aHATN3 PAa3JINYHBIX JINTEPATYPHBIX HUCTOYHUKOB, PACCMATPUBAIOIITIX
po6JieMy paka SMYHUKA, aCCOIUUPOBAHHOTO ¢ 9Kcripeccueit CD117. i MOUCKa JINTEPaTypPhl UCIOJIb30BAHBI 06a3bl AaH-
ubix PubMed, Scopus, Research Square u Web of Science. B 0630p BK/IFOU€HBI CTaThH, OIyOIMKOBAHHBIE C 2021 110 2024
TOJTBI.

PesynbTarTshl . AHAIU3 JAHHBIX HAYYHOU JINTEPATYPHI MO/ITBEPUI 3BHAUUMOCTDH BHICOKOTO YPOBHS HKCIIPECCUH
CD117 B OIyXOJIEBBIX KJIETKAX B COYETAHUH C JAPYTMMH HMMYHOTHCTOXMMUUYECKHUMU MapKepaMH, XapaKTEPHBIMU JUIA
CEepO3HOTO paKa IMYHUKA BBICOKOH cTereHu 3y0kadyectBeHHOCTH (SOX2, COT4 u NANOG). AxktuBanust CD117 ripu pake
SIMYHUKOB MIPUBOJUT K aKTUBAIIMHU HUCXO/ISIIIIUX CUTHAJIBHBIX IyTeH, ¢ BoByieuenreM reHoB: RAS/ERK, PI3K, SRC, JAK/
STAT, Wnt u Notch, B pe3ysbTaTe KOTOPOH (POPMHUPYIOTCS MOIYJISIIUNA PAKOBBIX CTBOJIOBBIX KJIETOK, 00YCIOBJIMBAsI BHICO-
KU arpeCCUBHbBIN OMOJIOTUYECKUH TOTEHI[UAIT OITYXOJIH.

3akinmoueHUe. Boicokas skcrnpeccussi CD117 cBA3aHa ¢ HeGJIATONMPUATHBIM IIPOTHO30M, 00Jiee arpecCHBHBIM
TeyeHneM 3a060JIeBaHIA U CKJIIOHHOCThIO K METACTa3UPOBAHUIO.

Kmuoueesle caoea: pak suunrka, CD117 (c-kit), pakoBbie crBosioBble kieTku (PCK), AMAarHOCTHKA U TPOTHO3, UMMYHO-
TUCTOXHMHUYECKOE HCCIIe/IOBAHNUE.

Oo6pasen nuTupoBauudA: bynanos /I.B., ConoBreBa A.M. CD117-IIO3UTHBHBIH PaK AUYHUKA: 0030D JIUTEPATY-
pot // Journal of Siberian Medical Sciences. 2025;9(2):83-96. DOI: 10.31549/2542-1174-2025-9-2-83-96

CD117-positive ovarian cancer: a literature review
D.V. Bulanov, A.M. Soloveva

Pirogov Russian National Research Medical University, Moscow, Russia

ABSTRACT

Introduction. Ovarian cancer is one of the most aggressive malignant tumors of the female reproductive sys-
tem, characterized by high mortality and difficulty in early detection. At the early stages, ovarian cancer is usually asymp-
tomatic, which complicates its diagnosis until the disease reaches advanced clinical stages.

A i m . Todemonstrate the clinical, morphological and prognostic features of ovarian cancer with CD117 expression.
Materials and methods. Ananalysis of various literature sources considering the problem of ovarian
cancer associated with CD117 expression was performed. PubMed, Scopus, Research Square and Web of Science databases
were used to search for literature. The review includes articles published from 2021 to 2024.
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Results. The analysis of the literature data confirmed the presence of high CD117 expression in tumor cells in
combination with other immunohistochemical markers characteristic of high-grade serous ovarian cancer (SOX2, COT4,
and NANOG). CD117 activation in ovarian cancer leads to activation of downstream signaling pathways involving the
genes: RAS/ERK, PI3K, SRC, JAK/STAT, Wnt, and Notch, resulting in the formation of cancer stem cell populations,
which determines high aggressiveness of the tumor.

Conclusion. Highexpression of CD117 is associated with poor prognosis, more aggressive disease progression
and tendency to metastasizing.

Keywords: ovarian cancer, CD117 (c-kit), cancer stem cells (CSC), diagnosis and prognosis, immunohistochemical study.
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BBEJAEHHNE

Pak sauyHWKa mpejicTaBiseT coOOU CIOXKHYIO U
reTepOTeHHYI0 TPYIIITY 3JI0KaueCTBEHHBIX HOBOOOPa-
30BaHUU, B OCHOBE KOTOPOU JIEIKUT paszHoobOpasue
THCTOTeHe3a OITyXOJIEBBIX KJIETOK. DTO MHOrooOpa-
3ue O0yCJIOBJIMBAaET OCOOEHHOCTH KaHIlepOTeHe3a,
UMMYyHOGMEHOTHUII OITyXOJIU, MOJIEKYJISIpHBIE TIOA-
THUIIbI,  TAK)XKe 0COOEHHOCTU MPOIPECCUPOBAHUSA U
MeTacTa3uPOBAHUS, UTO ONPeJEAeT KINHUIECKUI
IIPOTHO3 TAITMEHTOB C JAHHBIM 3JI0KQUECTBEHHBIM
HOBooOpazoBaHueM [1]. CBbIIie 90 % OITyX0JIeH Amd-
HUKOB (DOPMUPYIOTCSA U3 SIMUTETUAIHHBIX KJIETOK,
0KO0JI0 5—6 % — U3 CTPOMAaJIbHBIX KJIETOK II0JIOBOTO
TSKA U MeHee 3 % — M3 3apOJbIIIEBBIX KJIETOK [2].
AnurenuaibHble (CEPO3HbIE) PAKU SUYHUKOB KJIac-
cUUIUPYIOTCS HA /IBE OCHOBHBIE TPYIIIBI: CEPO3-
Hble KapIIMHOMbBI HU3KOH CTEIIEHH 3JI0KaUeCTBEHHO-
ctu (Low-grade), OT/IMYAMOIIHECS T€HETUYECKOH
YCTOMYHBOCTBIO, I CEPO3HbIE KAPIIMHOMBI BHICOKOU
crenenu 3yiokavectBenHoctu (High-grade), xoro-
pble XapaKTePU3YIOTCS TeHETHYECKOH HeCTaOMIHHO-
cThio [3].

Cpenu Bcex SIUTEHAJIBHBIX OIyXOJIEH BbIjie-
JISTIOT TISITh KJTIOUEBBIX TUCTOJIOTUYECKUX ITOATHUIIOB:

1. CeposHasi KapIMHOMa BBICOKOH CTEIEeHH
3JI0KAUECTBEHHOCTH — caMas paclpoCTpPaHeHHAas
dopma, cocrapsiomas 70 % BCeX CIyJYaeB.

2. CeposHas KapIUHOMA HU3KOH CTEIIeHH 3J10-
Ka4eCTBEHHOCTHU — OKOJIO 5 %.

3. JHIOMETPUOUHAS KapIMHOMa — 10 %.

4. CaeTrsioKJIeTOYHAA KapIuHOMa — 6—10 %.

5. MpynuHo3Has kKapuuHoMma — 3—4 %.

MesxayHapoHbIe UCCTIEA0OBAHUS TTOCIETHUX JIET
MMOKA3bIBAIOT, YTO CEPO3HAsl KAPIMHOMA BBICOKOM
CTEIleH! 3JI0KAYEeCTBEHHOCTH MOXKET IIPOUCXO/IUTH
u3 GajutonueBbIX TPy, a TAK)KEe U3 TOBEPXHOCTHOTO
SIUTEUS SUYHUKOB [4—6]. DTH OIyX0JIM CKJIOHHBI
K arpecCUBHOMY POCTy, OBICTPOMY pacIpOCTpaHe-

INTRODUCTION

Ovarian cancer is a complex and heterogeneous
group of malignant neoplasms, which is based on the
diversity of tumor cell histogenesis. This diversity
underlies the features of carcinogenesis, tumor
immunophenotype, molecular subtypes, as well as
features of progression and metastasis, which deter-
mines clinical prognosis in patients with this malig-
nant neoplasm [1]. Over 90% of ovarian tumors are
formed from epithelial cells, about 5-6% — from sex
cord stromal cells, and less than 3% — from germ
cells [2]. Epithelial (serous) ovarian cancers are clas-
sified into two main groups: low-grade serous carci-
nomas, which are characterized by genetic stability,
and high-grade serous carcinomas, which are char-
acterized by genetic instability [3].

Among all epithelial tumors, there are the five key
histological subtypes:

1. High-grade serous carcinoma is the most com-
mon form, accounting for 70% of all cases.

2. Low-grade serous carcinoma — about 5%.

3. Endometrioid carcinoma — 10%.

4. Clear cell carcinoma — 6-10%.

5. Mucinous carcinoma — 3—4%.

Recent international studies have shown that
high-grade serous carcinoma can originate from the
fallopian tubes, as well as from the ovarian surface
epithelium [4—6]. These tumors are prone to aggres-
sive growth, rapidly spread to the omentum and
mesentery, and often cause ascites [2, 3]. Low-grade
serous carcinomas predominantly originate from the
fallopian tubes, while clear cell and endometrioid
carcinomas — from endometrioid sites.

Epithelial ovarian tumors are divided into two
types based on molecular characteristics:

« Type I cancer (endometrioid, clear cell, muci-
nous and low-grade serous cancer) — rarely associ-
ated with a TP53 gene mutation. Such tumors are
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HUIO Ha CAJIbHUK U OPBI’KEHKY M YacTO BBI3BIBAIOT
acuut [2, 3]. HuskoguddepenuupoBatHbie cepos-
HbIE KapIITHOMBI BO3HUKAIOT [TPEUMYIIECTBEHHO U3
(annonueBsIx TPyO, a CBETIOKIETOUHBIE U DHIOME-
TPUOUIHBbIE KAPIIUHOMBI — U3 SHOMETPHUOUTHBIX
0Yaros.

dnuTenraNbHbIE OIYX0JIU SMYHUKOB I10 MOJIEKY-
JIIPHBIM XapaKTePUCTUKAM JIeJIATCS Ha JBA THUIIA:

« Pax I Tuma (3H70MEeTPHUOUHBINA, CBETIOKIETOY-
HBIF, MYIIMHO3HBIA M CEPO3HBIA pPaK HU3KOU CTe-
IIeHU 3JI0KAYECTBEHHOCTH) — C PEJIKOH accoIuanmei
¢ myranuen reHa TP53. Takue omyxosiu, Kak Ipa-
BIJIO, TeHETHUECKH CTAOMIBHBI 1 PA3BUBAIOTCS Me-
JIEHHO; OHH uYallle OOHApY)XUBAIOTCA Y MOJIOIBIX
JKeHInuH [3].

» Pax II tuma (cepo3Has KapIHOMAa BBICOKOH
CTEleHU 3JI0KaueCTBEHHOCTH, HeauddepeHIupo-
BaHHBIE KAPIIMHOMBI U KaPIIMHOCAPKOMBI) XapaKTe-
pusyercda 4acTbIMU MyTauusaMu re’Ha 1P53, OTCYT-
CTBUEM IIPEJIIIECTBYIOIINX MMOPAYKEHUH U BBICOKOM
arpeccuBHOCTHIO [3].

Omnyxosu I Tuma MezjIeHHO PacTyT U HA MOMEHT
JIMaTHOCTUKHU YaCTO OTPAHUYEHBI SUYHUKAMH, TOT/IA
Kak omyxosu II Tuma xapakTepu3yloTcs BBICOKOU
npoudepaTHBHON aKTHBHOCTHIO, T'€HETHUYECKOU
HeCTaOWIBHOCTHI0 M pACIpOCTPaHEHHEM Ha OpIio-
IIWHY WIN CAJIbHUK [6]. Y AIUEeHTOB ¢ OMyXOJISIMH
Il Tuma yacTto BHIABIAIOT MyTanuu B reHax Notch,
RB1 u FOXM1 [7]. Puck pa3BuTHs paKa AUYHUKOB
TaKKe CBS3aH C CEMEeMHOU UCTOpHel 60Ie3HU, MyTa-
nusamMu B reHax BRCA1/BRCA2, paHHHM HadajaoM
MEHCTPYaIllH, OTCYTCTBUEM POJIOB, SHIOMETPHO30M
U JIMYHBIM aHAMHE30M JPYTUX BUJIOB pakKa, TaKUX
KaK PaK MOJIOYHOU >Kesie3bl, MAaTKU WJIN KOJIOPEK-
TaJIbHBIN pak. Takke cpenu GaKTOPOB PUCKA — ITO3/I-
Hss MeHoTmays3a [8].

Myrarmuun teHa BRCA1/2 accomuupyrmoTcsa C
WHBAa3UBHBIM CEPO3HBIM PAKOM BBICOKOH CTEIeHH
3JI0KQUEeCTBEHHOCTH U 60Jiee BBICOKOU BbIXKHBae-
MOCThIO, Osiaromapss 3¢p@eKTHBHOMY OTBETY Ha
XUMHOTEPANHNIO0 Ha OCHOBe IIaTUHBI [9]. [loMuMoO
BRCA1/2, B pa3BuTHe paka SUYHUKOB MOTYT OBIThH
BOBJIeUeHbl MyTanuu B reHax 7TP53, BARD1,
Ci14EK2, PALB2, MRE11, KRAS, BRAF, PTEN,
CTNNBI1 (B-xatenun), BRIP1, NBN, MSH6, RAD50
u RAD51C [10]. OmyxoJsieBble KJIETKU PaKa IMIHUKA
XapaKTePU3YIOTCSA IOBBIIIEHHBIM COZEPIKAHUEM
6enkoB rpynnbl  AT-hook (HMGA), &KoTopsie
WUTpalOT KPUTUYECKYIO POJIb B DETYJIANUH POCTa,
nuddepeHITIPOBKH, HEOIJIACTHYECKON TpaHcdhOop-
MaIlM{ U aloITo3a KieTok [6]. Kpome Toro, coma-
TU4eckad MutoxoHzpuainpHasa JJHK Ttakke moxer
OBITH BOBJIEUEHA B MIPOIECC PA3BUTHUS U IIPOTPECCH-
poBaHus 3a60JIeBaHUS.

usually genetically stable and develop slowly; they
are more often found in young women [3].

» Type II cancer (high-grade serous carcinoma,
undifferentiated carcinomas and carcinosarcomas)
is characterized by frequent mutations of the TP53
gene, the absence of prior lesions and high aggres-
siveness [3].

Type I tumors are slow growing and located only
in the ovaries at diagnosis, whereas type II tumors
are characterized by high proliferative activity,
genetic instability, and peritoneal or omental spread-
ing [6]. Mutations in the Notch, RB1, and FOXM1
genes are often detected in patients with type II
tumors [7]. The risk of developing ovarian cancer is
also associated with having the disease in the family
history, mutations in the BRCA1/BRCA2 genes, early
onset of menstruation, nulliparity, endometriosis,
and a personal history of other cancers such as
breast, uterine, or colorectal cancer. Late menopause
is also among the risk factors [8].

Mutations in the BRCA1/2 gene are associated
with invasive high-grade serous cancer and higher
survival rate due to an effective response to platinum-
based chemotherapy [9]. In addition to BRCA1/2,
mutations in the TP53, BARD1, Ci4EK2, PALB2,
MRE11, KRAS, BRAF, PTEN, CTNNB1 (B-catenin),
BRIP1, NBN, MSH6, RAD50, and RAD51C genes may
be involved in the development of ovarian cancer [10].
Ovarian cancer tumor cells are characterized by an
increased content of AT-hook family proteins
(HMGA), which play a critical role in the regulation of
cell growth, differentiation, neoplastic transforma-
tion, and apoptosis [6]. In addition, somatic mito-
chondrial DNA may also be involved in the develop-
ment and progression of the disease.

AIM OF THE RESEARCH

To demonstrate the clinical and morphological
features of ovarian cancer with CD117 expression
and, accordingly, the importance of early and accu-
rate diagnosis, as well as of a comprehensive
approach to the treatment and monitoring of patients
with this aggressive cancer type.

MATERIALS AND METHODS

An analysis of various literature sources consider-
ing the problem of ovarian cancer associated with
positive CD117 expression was performed. PubMed,
Scopus, Research Square and Web of Science data-
bases were used to search for literature. The review
includes articles published from 2021 to 2024. The
data used were devoted to the study of CD117 expres-
sion in ovarian cancer, availability of data on immu-
nohistochemical analysis of CD117 expression in
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ITEJIb UCCJIEJIOBAHUSA

[Tpo/1IeMOHCTPUPOBATh KIUHUKO-MOpdosioruye-
CKHe OCOOEHHOCTH paka SIMYHUKA € DSKCIIPeccuer
CD117 ¥, COOTBETCTBEHHO, 3HAUMMOCTh PaHHEH H
TOYHOH JUATHOCTUKH, & TAKKE BAXKHOCTh KOMILJIEKC-
HOTO IO/IX0ZIa K JIEUeHUI0 U MOHUTOPUHTY IaleH-
TOB C STUM arpPeCCUBHBIM IOATUIIOM OHKOJIOTHYE-
CcKOro 3a060J1eBaHUs.

MATEPUAJIBI 1 METO/1bI

[TpoBeneH aHaMM3 PABJIHMYHBIX JINTEPATYPHBIX
HCTOYHUKOB, paccMaTpUBAOIINX IpobiyieMy pac-
MIPOCTPaHEHUs paKa SUYHUKOB, aCCOITTUPOBAHHOTO
¢ MMO3UTUBHONM MMMYHOTHCTOXHMUYECKOH BKCIIpec-
cuert CD117. [Ijisi TIOMCKA JIMTEPATYyPhl HUCIIOJIb30-
BaHbl 6a3bl maHHbIXx PubMed, Scopus, Research
Square u Web of Science. B 0630p BK/IIOUEHBI CTa-
ThU, ONIYOJIMKOBAaHHBIE C 2021 IO 2024 TOHBL
Hcnosp30BaINCh JTaHHBIE, TOCBAIIEHHBIE H3yde-
HuI0 Kkcpeccuu CD117 mpu pake AMYHUKA, HATH-
YHUI0 JJAHHBIX 00 WMMYHOTHMCTOXHMHYECKOH 3KC-
npeccun CD117 B OIIyX0JIEBBIX KJIE€TKaX, OIleHKe IIPO-
THOCTHYECKON 3HaumMocTu CD117, onmucaHuIo cur-
HQIBHBIX IyTeH, aKTUBUPYEMBIX IMPU IKCIPECCUU
CD117, u poau CD117 B GOpMUPOBaHUY HOILYJIAIUN
PaKOBBIX CTBOJIOBBIX KJIETOK.

JlaHHbIE aHATU3UPOBAJIIUCH C HCIIOJIB30BAHUEM
METO/IOB KaUueCTBEHHOTO CHHTe3a U ObLIU CIPYIIIH-
POBaHBI 10 TEMATUUYECKUM paszesaaM: 001Ias xapak-
TepucTuka skcnpeccnu CD117 mpu pake sSIMYHUKA,
cBA3b dkcnpeccuu CD117 ¢ MapkepamMu CEPO3HOTO
paka sudHuKa, posib CD117 B aKTUBAIlUHM CHUTHAJIb-
HBIX ITyTeH, BausHue CD117 Ha popMUpOBaHUE CTBO-
JIOBBIX PAKOBBIX KJIETOK, IIPOTHOCTHYECKOE 3HAUE-
Hue CD117 u 06Cy>K/IeHNEe TIEPCIIEKTUB TepPaTleBTHYe-
CKUX CTpaTerui, HaneaeHHbIX Ha CD117.

OrpaHuYeHUs WCCIEOBAHUA: OTPAaHHMYEHHBIN
Habop 6a3 IaHHBIX, BO3MOXKHASA CyOBEKTUBHOCTD ITPH
oTbOpe, reTEPOreHHOCTh UCIIOIb3YEMBIX METOTHK.

CD117-IIO3UTUBHBIN PAK ATNYHUKOB

CD117-1I03UTHBHBIN paK SUYHUKOB IIPEICTaB-
J1seT co00i 0COOBIN ITOATUII IAHHOTO TUIIA 3JI0Kade-
CTBEHHOH OITyXOJIM, XapaKTEPUIYIOIIUNCA DKCIIPec-
cuell pernentopa Tupo3uHkuHazsl CD117 (c-kit) Ha
ITOBEPXHOCTH OIYXOJIEBBIX KJIETOK [9]. CD117 sABIIsA-
eTcsi TpaHCMeMOPaHHBIM PEIENTOPOM TUPO3UHKH-
Hasbl 3-TO THUIIA, PACIIOJIOKEHHBIM Ha 4-H XpOMO-
come (4q12) [3]. OH ObUT UAEHTUGUIUPOBAH KakK
KJIETOUHBIH TOMOJIOT OHKOTE€Ha BHpycCa KOIIaubeH
capkombl v-Kit [1—3]. AktuBarus perenropa CD117
(akTOpOM CTBOJIOBBIX KJIETOK 3aIlyCKaeT pas3jind-
Hble curHaIbHBIE TyTH [3]. CD117 yyacTByer B pery-

tumor cells, assessment of the CD117 prognostic sig-
nificance, description of signaling pathways acti-
vated by CD117 expression, and the role of CD117 in
generating cancer stem cell subpopulation.

The data were analyzed using qualitative synthe-
sis methods and grouped into thematic sections:
general characteristics of CD117 expression in ovar-
ian cancer; the relationship of CD117 expression with
markers of serous ovarian cancer; the role of CD117
in signaling pathway activation; the effect of CD117
on cancer stem cell generation; the prognostic value
of CD117, and the discussion of the prospects for
therapeutic strategies targeting CD117.

Limitations of the study: limited set of databases,
possible subjectivity in selection, heterogeneity of
the methods used.

CD117 POSITIVE OVARIAN CANCER

CD117-positive ovarian cancer is a specific sub-
type of this malignancy characterized by the expres-
sion of the CD117 (c-kit), tyrosine kinase receptor on
the surface of tumor cells [9]. CD117 is a transmem-
brane receptor of type 3 tyrosine kinase located on
chromosome 4 (4q12) [3]. It has been identified as a
cellular homolog of the oncogene v-kit of the feline
sarcoma virus [1—3]. CD117 receptor activation by
stem cell factor triggers various signaling pathways
[3]. CD117 is involved in regulation of important cel-
lular functions, including metabolism, growth, pro-
liferation, survival, differentiation, apoptosis, and
migration [1, 8]. The oncogenicity of CD117 is associ-
ated with its excessive activation, which leads to
upregulation of the aforementioned pathways or
constitutive gain-of-function mutations [10]. Such
mutations have been found in many malignant
tumors [1, 3, 8]. CD117-positive ovarian tumor cells
have self-renewal and chemoresistance properties.
CD117 activation in ovarian cancer leads to activa-
tion of downstream signaling pathways involving
RAS/ERK, PI3K, SRC, JAK/STAT, Wnt, and Notch
genes [11—13], resulting in the generation of cancer
stem cell subpopulations.

Studies focused on investigating the biological
characteristics of ovarian cancer cells have demon-
strated that CD117-positive ovarian cancer cells, in
addition to the ability to self-regenerate, have the
unique plasticity and ability to generate different
variants of metastatic spread [14—-16]. This ability to
metastasize is a key factor determining the unfavor-
able prognosis in ovarian cancer. Numerous studies,
performed on various cell lines and in vivo models,
have revealed a direct and statistically significant
correlation between the level of CD117 expression
and a number of clinicopathological factors, includ-
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JIIOUYM BROKHBIX KJIETOUHBIX (YHKIWH, BKIOYAs
MeTaboJIu3M, POCT, TpoJHdepaIuio, BbIKUBAHHUE,
nuddepeHITnpoBKy, anonTo3 U murpanuio [1, 8].
Ounxkorenabii motenuan CD117 ¢Bsi3aH ¢ ero upes-
MEPHOH aKTHUBAalHMEN, KOTOpAasi MPUBOJUT K YCHJIE-
HUIO PETYJISIUY BBIIIEYITOMAHYTHIX ITyTEH WU KOH-
CTUTYTHUBHBIM MYTAIUsAM yCWIeHUs GYHKIUH [10].
Takue myranuu ObLTM OOHApPY:KEHBI BO MHOTHX
3JI0KAYeCTBEHHBIX omyxoasx [1, 3, 8]. CDi1y-
IIOJIO>KUTEJIbHBIE KJIETKH OIYXOJIM SMYHUKOB 00J1a-
JIAI0T CBOMCTBAaMH CAMOOOHOBJIEHUsSI U XUMHUOPE3U-
creHTHOCTU. AkTHBanua CD117 npu pake AUYHUKOB
MIPUBOAUT K AKTUBAIIMU HUCXOAAIINX CUTHATHHBIX
myTed, ¢ BoByieueHueM reHoB RAS/ERK, PI3K, SRC,
JAK/STAT, Wnt u Notch [11—13], B pe3ysibTaTe KOTO-
po# pOPMHUPYIOTCS OMYJISIIUHA PAKOBBIX CTBOJIOBBIX
KJIETOK.

UccnemoBanusi, HampaBjeHHblEe HAa HU3y4YeHUeE
OMOJIOTUYECKIX XapaKTEPUCTHK KJIETOK paka sSud-
HUKa, MIPOJIEMOHCTPUPOBAJIH, 4To CD117-
MIOJIO’KUTEJIbHBIE KJIETKH paKa SIMYHUKA, ITOMUMO
CIIOCOOHOCTH K caMopereHeparuu, o0J1aJlaloT YHU-
KaJIbPHOW IIJIACTUYHOCTHIO M CIIOCOOHOCTHIO K TeHe-
panyu pasyIMYHBIX BAPUAHTOB METACTATHUECKOTO
pacrpocTtpaHenus [14—16]. 9Ta ctocOOHOCTD K MeTa-
CTa3UPOBAHUIO ABJIAETCS KIIIOUEBBIM (AKTOPOM,
OTIPEJIEJIAIONINM HeOJIarONPHUATHBIA MPOTHO3 IIPHU
pake AUYHUKA. MHOTOUNCIJIEHHBIE HCCIEIOBAHMUA,
MPOBEJIEHHBIE HA PA3JIUYHBIX KJIETOUYHBIX JIMHUSIX U
MOJIEJISIX N ViV0, BBISABIJIN MPSIMYIO U CTaTHCTUYE-
CKH 3HAYMMYI0 KOPPEJISAIUI0 MEXKIYy YPOBHEM DKC-
npeccun CD117 ¥ psiloOM KJIMHUKO-TIATOJIOTHYECKHIX
(dakTopoB, BKITIOYasI, B YaCTHOCTH, PA3BUTHE XUMHUO-
PEe3UCTEHTHOCTH K CTAHAAPTHBIM PEXUMaM Tepa-
MY, TI03/THEE BBISBJIEHHE 32001€BaHUS HA KIUHH-
YeCKH 3HAYMMOU CTafuu U 00Jiee BHICOKYIO CTEIIEHD
3JI0KAYECTBEHHOCTH OITyXOJIM, YTO YKa3bIBaeT Ha
arpeccuBHbBIN ¢eHOTHI [17—20].

B KOHTeKCTe U3YUeHHUs MEKKIETOYHOTO B3aUMO-
JIEICTBUS U PACIPOCTPAaHEHHUsI OIMyXO0JIH OBLIIO yCTa-
HOBJIEHO, YTO 00JIee BBICOKHI YPOBEHD HKCIIPECCUH
CD117 BO BHEKJIETOUHBIX Be3UKYJaxX, MPOAyIUpye-
MBIX KJIETKAMHU PaKa SHYHUKA, [IOJIOKUTETHHO KOP-
penupyet ¢ 60Jiee arpecCHBHON OITyXOJIEBOM WHBA-
3ueli [21]. BHeKJIeTOUHbIE BE3UKYJIbl UTPAIOT BaXK-
HYIO POJIb B MEKKJIETOUYHOH KOMMYHUKAIIUH U pac-
IPOCTPAHEHUHN OIYXOJIEBBIX KJIETOK, M ITOBBIIIEH-
HBIN ypoBeHb CD117 B 5TUX BE3UKYJIaX MOKeT CIIO-
cOOCTBOBATh WHBA3WBHOMY POCTY OIYyXOJIH U €€
METACTaTHYECKOMY PACIPOCTPAHEHHIO.

Akcmpeccusi CD117 sABsAeTcs BaKHBIM (aKTO-
POM, KOTOPBI HEOOXOAMMO YIUTBHIBATH IIPU HCCIIE-
JIOBAHUHU paKa SMYHUKA. Kak BUTHO HA pUC. 1, UMMY-
HOTHCTOXMMUUECKOE OKpAIllMBaHUE aHTUTEJIOM

ing, in particular, the development of chemoresis-
tance to standard therapy regimens, late diagnosis of
the disease at an advanced stage and a higher grade,
which indicates aggressive phenotype [17-20].

In the context of studying cell-cell interaction and
tumor spread, it was found that CD117 overexpres-
sion in extracellular vesicles produced by ovarian
cancer cells positively correlates with more aggres-
sive tumor invasion [21]. Extracellular vesicles play
an important role in cell-cell interaction and tumor
cell spread, and an increased level of CD117 in these
vesicles may contribute to invasive tumor growth
and its metastatic spread.

CD117 expression is a substantial factor to con-
sider in ovarian cancer research. As shown in Fig. 1,
immunohistochemical staining with CD117 antibody
can demonstrate a diffuse membranous/cytoplasmic
pattern of tumor cell staining. Given that CD44,
along with CD117, is also a widely recognized factor
associated with tumor initiation and maintenance of
stemness properties, researchers have developed
approaches involving a combination of CD117 and
CD44 to more accurately identify subpopulations of
cells with a relatively higher level of stemness [22—
24]. These subpopulations of cells with pronounced
stemness are critical in the process of tumor relapse
and drug resistance development, making them an
important target for future therapy discovery. Devel-
opment of methods to identify and target these sub-
populations is a promising direction in improving
the effectiveness of ovarian cancer therapy.

THE ROLE OF CANCER STEM CELLS

Cancer stem cells (CSCs) are a unique subpopula-
tion of tumor cells that exhibit pluripotency, self-
renewal, and tumor-inducing properties. Although
CSCs are present in small quantity in a variety of
malignant tumors, they play a significant role in
tumor progression, metastasis, and resistance to
therapy [9]. CSCs were initially described in the con-
text of hematological diseases, but were subsequently
identified in solid tumors, including ovarian cancer
[1, 10, 25]. Pioneering work by Hosseini et al. dem-
onstrated that ovarian stem cells can initiate tumors
in case of their transplantation into the peritoneal
cavity of mice, suggesting their crucial role in the
development of aggressive clinical and morphologi-
cal subtypes of ovarian cancer [26]. Morphologically,
verification of aggressive growth often includes the
presence of solid/trabecular fields of atypical epithe-
lial cells with necrosis (Fig. 2). CSCs expressing
CD117 (c-kit) represent a distinct subpopulation
associated with an aggressive course of the disease.
CD117, being the tyrosine kinase receptor, regulates
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Puc 1. TudpPysHoe okpammBanue MeMOPaHHO-IIUTOIIA3MATHUYECKOTO THUIIA OIYXOJIEBBIX KIIETOK
B peaknuu ¢ auturesioMm CD117 (MMMYHOTUCTOXUMHUYECKas peakius, ypesnuenre x200) (Bysanos [1.B., TUYHBIN apXUB)
Fig. 1. Diffuse membrane/cytoplasmic staining pattern of tumor cells in reaction with CD117 antibody
(immunohistochemical reaction, magnification x200) (Bulanov D.V., personal archive)

CD117 MOKeT AeMOHCTPUPOBATh AP Py3HBIH MeM-
OpaHHO-IIUTOIUIA3MATHYECKUH THUIT OKpAIIMBaHHUS
OIIYXOJIEBBIX KJIETOK. [I[puHMMAasi BO BHUMaHHeE, YTO
CD44, Hapsany c¢ CD117, Takke sABIAETCA IIUPOKO
MIpU3HAHHBIM (AKTOPOM, aCCOIIMUPOBAHHBIM C UHH-
[HalKeN OIyXOJIH U MOIEP:KaHUEM CBOKCTB CTBO-
JIOBOCTH, WCCJIEZIOBATENIN Pa3pabOTaN IOJXO/bI,
Brurouarorre kombOuuaiuioo CD117 u CD44 pias
60oJ1ee TOUHOH HIeHTU(UKAINH CYOIIOMYJIAIUN KiTe-
TOK C OTHOCUTEJIBHO 60Jiee BRICOKUM ITOTEHIIHATIOM
CTBOJIOBOCTHU [22—24]. ATU CyOIOMYJISIINN KIETOK C
BBIPDAQ’KEHHBIMH CBOMCTBAMHU CTBOJIOBBIX KJIETOK
HUMEIOT pellamlnee 3HaUeHNe B IIPOIIECCE PEIUINBA
ONYXOJIU U Pa3BUTHUs JIEKAPCTBEHHON YCTOUYHBO-
CTH, UTO JIeJIaeT UX BAXKHON MUIIIEHBIO JIJIsI Oy Ty IIHIX
TeparneBTUYECKHUX pa3paboTok. Pazpaborka MeTo10B
JUTSL UJIEHTU(DUKATINY U BO3JIEUCTBUS HA 9TH CyOIIO-
MyJISIUY SIBJISETCS MEPCIIEKTUBHBIM HallpaBJIeHUEM
B TOBBIIEHUN B(PPEKTUBHOCTH Tepamuu paka
SIMIHUKA.

POJIb PAKOBBIX CTBOJIOBBIX KJIETOK

Paxosbie ctBostoBble KiIeTKH (PCK) cocraBigioT
VHUKQIBHYIO CyOIOITYJIAIIUIO OITyXOJIEBBIX KJIETOK,
00JIaIAIoNIy0 CBOHCTBAMHU  IUIFOPHUIIOTEHTHOCTH,
CaMOOOHOBJIEHUS U CIIOCOOHOCTU K MHAYKIIMH OILy-
xoJsieBoro pocra. Xorsa PCK npucyTcTByOT B He3Ha-
YUTEJIbHBIX KOJIMYECTBAX B CTPYKTYPAX Pa3IMYHbIX
3JI0KAYECTBEHHBIX OIIYXOJIeH, OHM HUTPAIOT 3HAYHU-
MYIO POJIb B IIPOTPECCUPOBAHUH OIyXOJH, ee MeTa-
CTa3UPOBAHUHU U YCTOUIMBOCTH K Tepanui [9]. Ilep-
BoHavyaabHO PCK GbLIH OIMCAHBI B paAMKaX reMaro-
JIOTHYECKUX 3a00JIeBaHMM, OJHAKO B JaJIbHEHIIEM
UX BBISIBIJIA U B COJIUHBIX OITyXOJIAX, BKJIIOYAs PaK

cancer cell proliferation and survival, and supports
CSCs self-renewal and differentiation, which con-
tributes to tumor progression. The presence of these
cells may explain heterogeneity of ovarian cancer
and its therapy resistance.

There are several theories of the origin of CSCs, as
their precursors have not yet been clearly identified.
In particular, some models suggest that CSCs may be
derived from normal stem cells, somatic progenitor
cells, or differentiated cells that, because of muta-
tions, acquire the ability to self-renewal, and become
tumor cells [26—28]. Factors such as horizontal gene
transfer, genomic instability, and microenvironmen-
tal changes (e.g., hypoxia, stress, and ionizing radia-
tion exposure) may contribute to the transformation
of these cells into CSCs [1]. Epithelial-mesenchymal
transition (EMT) mediated by TGF-B1 also plays a
key role in the formation of CSCs, promoting their
transition to a phenotype that exhibits plasticity and
migratory capacity. The theory associating CSCs with
normal stem cells is based on their common proper-
ties, including self-renewal by asymmetric cell divi-
sion, activation of Wnt, Hedgehog, Notch signaling
pathways, and the ability to pluripotent differentia-
tion [25, 27]. However, CSCs differ from normal
stem cells due to genetic mutations and epigenetic
changes, which provide them with higher plasticity
and proliferative activity. A key element of CSCs via-
bility is a high telomerase activity, which significantly
increases their lifespan. CSCs also have specific met-
abolic features, including increased glycolytic activ-
ity and high levels of mitochondrial reactive oxygen
species (ROS). Expression of markers such as CD44
and CD117 allows these cells to maintain their state
even under nutrient deprivation and stress [3].
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Puc. 2. Onyxosb sudHuKa cOPMUPOBAHA COMTUAHO-TPAOEKYISIPHBIMU TIOJIIMU M3 aTUIMYHBIX SITUTETUATBHBIX METKUX
KJIETOK C HAJIMYUEM 30H HEKPO3a (YBEJIMUEHUE X200, OKPAIIUBAHUE TEMATOKCUIMHOM U DO3HHOM)
(Bysanos /1.B., TMUHBINA apXUB)
Fig. 2. The ovarian tumor is formed by solid/trabecular fields of atypical epithelial small cells with necrotic zones
(magnification x200, hematoxylin and eosin staining) (Bulanov D.V., personal archive)

AUYHUKOB [1, 10, 25]. HoBatopckas pabota
H. Hosseini et al. mokazasa, 4TO CTBOJIOBbIE KJIETKH
SINYHUKOB MOTYT WHHIIUUPOBATh OIYXOJIU IIpU
TPaHCIUIAHTALUH B OPIONIHYIO IOJIOCTH MBIIIIEH, UTO
IIPEATIIOIaraeT UX KPUTHYECKYIO POJIb B Pa3BUTHH
OUMOJIOTHYECKH arpecCUBHHBIX KJIMHHUKO-MOPQOJIo-
rudyeckux ¢Gopm paka suaHuKa [26]. Mopdomoruue-
CKOe TIOATBEPK/IeHNe arpecCUBHOTO pOCTa YacTo
BKJIIOUAeT B cebs COJMUAHO-TPAOEKYJISIPHBIE IIOJIS
ATUNUYHBIX SIUTEIUAJBHBIX KJIETOK C HEKPO30M
(puc. 2). PCK, skcmupeccupyiomue CD117 (c-kit),
MIPE/ICTABIAIOT OCOOYIO IOJIPYIITY, CBA3AHHYIO C
arpeccuBHBIM TeueHHeM Oosie3Hu. CD117, ABIAACH
pelLenTopoM THUPO3UHKUHA3BI, PEryJIUpyeT IIPOJIH-
(epamuio 1 BPDKUBAHKE PAKOBBIX KJIETOK, a TAKXKE
II0JIZIEP?KUBaeT caMooOHOBIIeHrEe U aAuddepeHnna-
nuio PCK, 4To cmocoOCTByeT Pa3BUTHIO OITYXOJIH.
[TpucyTCTBHE STHX KJIETOK MOXKET OOBACHATH rere-
POTEHHOCTh paKa SIMYHUKOB U €r0 YCTOHYUBOCTH K
JIe4eHUIO.

CyIecTByeT HECKOJIBKO TEOPHUH IIPOUCXOMKIAECHUS
PCK, nockonbKy UX NpeJlIeCTBEHHUKU JI0 CUX IO
O/THO3HAYHO He WeHTU(HUIIUPOBaHbL. B yacTtHOCTH,
HEKOTOpBble MOJeN IoKasbiBaioT, uto PCK moryr
00pa30BBIBATHCS M3 HOPMAJIBHBIX CTBOJIOBBIX KJIE-
TOK, COMaTHUeCKUX KJIeTOK-IIpe/IllIeCTBEeHHUKOB WU
JuddepeHINPOBaHHbBIX KJIETOK, KOTOpble II0J BO3-
ZieficTBEM MyTaIliii 0OpeTaoT CIIOCOOHOCTH K CaMO-
OOHOBJIEHUIO U CTAHOBSATCS OIyXOJIEBBIMU [26—28].
dakToOphl, TaKWe KaK TOPU3OHTAJIBHBINA IEPEHOC
TeHOB, TFeHOMHAs HECTa0WIBHOCTh U HU3MEHEHUS
MUKpOCpenbl (HampuMep, TUIIOKCHUs, CTPECC U BO3-
JIeHICTBUE NOHUBUPYIOIIEr0 U3JIyIEHHUsI), MOTYT CIIO-
cobcTBOBaTh TpaHcopMmanuu 3Tux kiaetok B PCK [1].

Acquisition of oncogenic mutations and epigenetic
changes makes CSCs resistant to treatment, which is
confirmed by the ability of some tumor cells to
acquire stemness under the influence of the tumor
microenvironment or due to their own mutations.
This state allows them to maintain tumor growth and
survival [29]. Some studies show that CSCs can
divide in an asymmetric manner, forming one stem
and one differentiated cell, which contributes to the
onset of the neoplastic process [6, 9—11]. CSCs also
contribute to cancer progression, metastasis, relapse,
and therapy resistance. These cells can be in a dor-
mant state, which can be temporary or long-term
and is associated with their chemotherapy resis-
tance. Dormancy can cause local relapses or distant
metastases even after long-term remission. In solid
tumors, a distinction is made between resident CSCs
responsible for disease initiation, and migratory
CSCs that promote metastasis [30]. According to
recent studies, different CSCs clones have unique
metabolic profiles and the ability to metastasize to
specific organs. These properties explain the role of
CSCs in tumor progression and its heterogeneity,
which poses new challenges for modern science in
the development of targeted therapy to combat ovar-
ian cancer [25—29].

CD117 AS A MARKER AND PROGNOSTIC
FACTOR FOR OVARIAN CANCER

CD117 is a promising marker for the identification
of tumor CSCs in ovarian cancer [4—6]. High expres-
sion of CD117 is associated with an unfavorable prog-
nosis of the disease [3]. Yang et al. have performed a
meta-analysis of seven studies involving 1247
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ANUTENNATbHO-Me3eHXUMAIbHBIN nepexoy; (AMIT),
onocpenoBauHbIll TGF-f1, Tak:ke UTPaeT KIOYEBYIO
posb B popmupoBanun PCK, ciocobeTBys ux mepe-
X0Zly B (deHOoTHI, 00JaJal0NUH IIJIACTUYHOCTHIO U
CITOCOOHOCTHIO K MUTparuu. Teopusi, CBA3BIBAIOIIAS
PCK ¢ HOpMaJIbHBIMU CTBOJIOBBIMU KJIETKAMH, OCHO-
BaHa Ha MX OOIIMX CBOMCTBAX, BKJIIOYasi CAMOOOHOB-
JIEHUE C TIOMOIIbI0 ACUMMETPUYHOTO JIEJIEHUsI, aKTH -
BaIuio curHaIbHbBIX myTelr Wnt, Hedgehog, Notch u
CITOCOOHOCTh K MHOTOKJIETOYHOH Mu(pDepeHITUpOBKe
[25, 27]. OnHako PCK oT/IMYAiOTCS OT HOPMAaIbHBIX
CTBOJIOBBIX KJIETOK B CHJIy T€EHETUYECKUX MyTallui 1
SIUTEHETHYECKUX H3MEHEHHI, YTO obOeclieurnBaeT
M 6oJiee BBICOKYIO IJIACTUYHOCTD U PO epaThB-
HYIO aKTUBHOCTb. KJTI0OU€BBIM BJIEMEHTOM KU3HECIIO-
cobHoctu PCK siBjisieTcst BbICOKasi aKTUBHOCTD TEJIO-
Mepasbl, YTO 3HAYUTEIFHO YBEJIMYUBAET UX ITPOJI0JI-
JKUTEIBHOCTD KU3HU. Takke y PCK oTmMeueHsI cnell-
ududecKkre MeTaboJIMYECKHe OCOOEHHOCTH, B TOM
YHCJIe IOBBIIIEHHAs TJIMKOJIUTHYECKAsA aKTHBHOCTH
¥ BBICOKHWE YPOBHU MUTOXOHIPHABHBIX AKTUBHBIX
dopwm kucioposa (APK). Dxcrpeccrs TaKUX MapKe-
poB, kak CD44 u CD117, m03BOJIAET 3TUM KJIE€TKaM
TO/IZIEP>KUBATh CBOE COCTOSIHWE JaKe IPU HeJ0-
CTaTKe MMUTATEJbHBIX BeNecTB U cTpecce [3]. [Ipuob-
peTeHre OHKOTEHHBIX MyTAIlUi U STUTEHETUIECKHUX
n3meHeHnu fenaer PCK yCcTOWUYMBBIMU K JIEYEHUIO,
YTO IIOATBEPIKAAETCS CIIOCOOHOCTHIO HEKOTOPBIX
OITyXOJIEBBIX KJIETOK IIEPEXO/UTH B CTBOJIOBBIE COCTO-
STHUS TIO/], BO3/IENCTBUEM MUKPOCPEIHI OIyXOJIU WU
BCJIEZICTBHE COOCTBEHHBIX MYTalMH. DTO COCTOSTHHUE
MMO3BOJISIET UM IIO/JIEPKUBATh OITyXOJIEBBI POCT U
BbDKHBaHUE [29]. HekoTophle ucciie/loBaHUSA MMOKa-
3pIBatoT, uTro PCK mMoryT fesiuThesi B acCUMMeTpUY-
HOM peXkrMe, 06pasyst OHY CTBOJIOBYIO U OJIHY Aud-
(epeHIIUPOBaHHYI0 KJIETKY, 4YTO CIIOCOOCTBYET
HavaJly HeoIlIacTHUYeCcKoro mporecca [6, 9—11]. PCK
TaKKe CII0COOCTBYIOT IIPOTPECCUPOBAHUIO paKa,
METaCTa3uPOBAHUIO, PENUAUBAM U PE3UCTEHTHOCTH
K Tepanuu. OTH KJIETKU MOTYT HaXOJUTHCSA B COCTOSI-
HUH ITOKOsI, KOTOPOE MOKET ObITh BPEMEHHBIM WJIN
JUTUTEJIBHBIM U CBS3aHO C UX YCTOMYHUBOCTHIO K XUMU-
otepanuu. COCTOSIHHME TIOKOS MOJKET BBI3BIBATH
JIOKQJIbHbIE PEITUIUBBI WU OT/IaJIeHHbIE MeTacTa3bl
Jlavke TIOC/Ie JUTUTEJIbHOW peMucchuu. B commmHbIxX
omyxoJisix pasnuvaroT pesuzieHTHble PCK, otBet-
CTBEHHbIE 32 HHUITHAIINIO 3a001€BaHUsA, 1 MUTPUPY-
ompe PCK, cmocoOCTByOIINE MeTacTa3HPOBAHUIO
[30]. CornacHO moOCIETHUM WCCIIEIOBAHUAM, pPas-
smunblie k10HbI PCK 06/1a1a10T yHUKATBHBIMU METa-
00TMYeCKUMH TPOPUISIMA U CIIOCOOHOCTBIO MeTa-
CTa3UpOBaTh B OIIPeJIeJIEHHbIE OpraHbl. JTH CBOU-
cTBa oOBscHAIT posb PCK B mporpeccupoBaHuu
OITyXOJIN W €€ TETEPOTeHHOCTH, YTO CTaBUT MEPE]]

patients with epithelial ovarian cancer, and showed
that CD117 expression significantly correlates with
age, FIGO stage, histological type, and tumor differ-
entiation grade. Moreover, patients with a high
CD117 expression demonstrated statistically signifi-
cantly lower overall survival compared to patients
with low CD117 expression. However, no correlation
was found between CD117 expression and disease-
free survival. Subgroup analysis showed that CD117
may serve as a prognostic factor in young patients
(under 60 years) [25].

CD117 AND TREATMENT RESISTANCE

CD117is also associated with chemotherapy resis-
tance [10]. CD117 overexpression causes cisplatin/
paclitaxel chemoresistance via activation of the Wnt/
[-catenin-ABCGz2 signaling pathway [30]. In a study
in which cells from human ovarian serous adenocar-
cinoma tissue samples or ascites fluid were implanted
in mice, CD117-positive cells were found to have a
100-fold higher tumorigenic potential than CD117-
negative cells [31]. Furthermore, CD117 expression
has been associated with resistance to conventional
chemotherapy in patients [26].

Direct impact on CSCs, which significantly con-
tribute to relapsing drug-resistant tumor, with a
CD117-targeted toxin shows potential as a promising
approach for the treatment of ovarian cancer [25—27].

Both in vitro and in vivo studies demonstrate
that metformin has a selective inhibitory effect on
CD44- and CD1i17-positive cell subpopulations, as
well as on CSCs glycoproteins that are involved in
tumor progression. In particular, metformin inhibits
cell adhesion, proliferation, migration, and contrib-
utes to the reduction of chemotherapy resistance [9].

Salinomycin, an ionophore antibiotic isolated
from Streptomyces albus, exhibits selective cytotox-
icity against CSCs [32—34]. Previous ovarian cancer
cell lines (OVCARS3) studies revealed an inhibitory
effect of paclitaxel combined with salinomycin on the
expression of CD44 and CD117 [32]. Similar results
were obtained in Lee et al. study of CD44- and CD117-
positive cells from the ascitic fluid of patients with
ovarian cancer, showing that salinomycin combina-
tied with paclitaxel reduces their viability and
induces apoptosis.

The use of a carrier mimicking high-density lipo-
protein to synthesize salinomycin-loaded high-den-
sity lipoprotein (S-HDL) demonstrated significant
antitumor activity in ovarian cancer by inhibiting the
translation of CSCs proteins including c-Myc,
NANOG, OCT4, and SOX2, which are associated
with chemoresistance and cancer recurrence [35].
Based on these data, the authors suggest that metfor-
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COBpEMEHHOH HAyKOHW HOBBIE 3a7la4ll B pa3paboTke
TapreTHOU Tepanuu JIJis 00PHOBI C PAKOM SHYHUKOB
[25—29].

CD117 KAK MAPKEP U ITPOTHOCTHNYE-
CKHNI ®AKTOP PAKA ANYHUKA

CD117 siB/IsIeTCS IEPCIEKTUBHBIM MAPKEPOM IS
uneHTudukanuu omyxosebix PCK npu pake saud-
HUKOB [4—6]. Beicokas skcmpeccus: CD117 cBsa3ana ¢
HeOJIarONPUATHBIM IPOTHO30M 3abosieBaHuA [3].
Meraananus, npoBefeHHbId L. Yang et al. u Biio-
YAIOI[AH CEMb UCCIIEIOBAHUH C yIACTHEM 1247 AU~
€HTOK C BIUTETUAJIbHBIM PAaKOM SHMYHUKOB, IOKa-
3aJ1, uto sKcrpeccrsi CD117 3HAUUTETHBHO KOPPETU-
pyeT c BO3pacToM, crajued IO KiaccupUKAIUU
FIGO, THCTOJIOTUYECKUM THUIIOM H CTENEHbBIO (-
(epennupoBku omyxosnu. bosee Toro, manueHTKy ¢
BBICOKOH 3Kcmpeccuelr CD117 /1eMOHCTPHUPOBAIH
CTATUCTUYECKU B3HAYMMO 00Jiee HUBKYI OOIIyIo
BBI’KMBAEMOCTb II0 CPaBHEHWIO C TAI[UEHTKaMH C
Hu3KO0# skcnpeccuein CD117. OgHAKO KOPPEIAInu
Mexay skcrpeccreil CD117 1 BBDKUBAEMOCTBIO Oe3
MpU3HAKOB 3abosieBaHUsI OOHApyKEHO He ObLIO.
Ananusz moArpynnbel mokasas, uro CD117 moxker
WUTpaTh POJIb MPOTHOCTHYECKOTO (aKToOpa y MOJIO-
JBIX ITanueHToB (710 60 jet) [25].

CD117 1 YCTOMYHUBOCTH K JIEYUEHUIO

CD117 Tak:Ke CBA3AH C YCTOWUYUBOCTHIO K XMMHUO-
tepanuu [10]. IloBbimeHHas 3kcrpeccus CD117
BBI3BIBAET XUMHOPE3HCTEHTHOCTh K IMCIUIATUHY/
MMAKJINTAKCEJy Yepe3 aKTUBAITUI0 CUTHAJIBHOTO ITyTH
Wnt/B-katenun-ABCG2 [30]. B wucciemoBanuu, B
KOTOPOM KJIETKH U3 00pa3loB TKAHU CEPO3HOU ajie-
HOKapIIMHOMBI SUYHUKOB U€JIOBEKA WJIN aCIlUTHOU
JKUIKOCTH OBLIM BBEJIEHBI MbIIIaM, ObLIO OOHaApYy-
skeHo, yTo CD117-110J10KUTEIbHbIE KJIETKH UMEJIH B
100 pas 60J1ee BBICOKUH TYMOPOTE€HHBIH TTOTEHITHA,
yem CDi117-HeratuBHble KieTku [31]. Kpome Toro,
skcrpeccuss CD117 6bUIa CBA3aHA C YCTOWUYUBOCTHIO
K TPAIUITMOHHOW XMMUOTEPAITUH ¥ TIAIIEHTOB [26].

[Ipsamoe Bo3zetictBue Ha PCK, KOTOpble BHOCAT
3HAYUTEIbHBIN BKJIAJT B PENUAUB JIEKapCTBEHHO-
YCTOWYHMBOH OITyXOJIH, C IIOMOIINBI0 TOKCHUHA, HaIlle-
aeHHoro Ha CD117, neMOHCTpUpyeT MOTeHIIHAJl B
KauecTBE MHOTOO0O0EIIAIOIEro I0oAX0Aa K JI€UeHUIO
paka sUYHUKOB [25—27].

HcenenoBanus, IpoBeJeHHBIE KaK 1N Vitro, Tak U
in Vivo, IEMOHCTPUPYIOT, YTO MeT(GHOPMHUH OKa3bI-
BaeT CeJIEKTUBHOE MHTHOUpYIOlee BO3/EHCTBIE HA
nomynsauuu CD44- u CD117-110710KUTETBHBIX KJle-
TOK, a TaKKe Ha riukomnporendbl PCK, koTopsie yua-
CTBYIOT B IIPOTPECCUPOBAHUHU OITyXOJIM. B yacTHO-

min and salinomycin may represent a promising
strategy to improve patient survival and prevent can-
cer recurrence, including ovarian cancer.

CORRELATION WITH OTHER MARKERS
AND FEATURES OF METASTASIS IN
OVARIAN CANCER

Many studies have established a direct correla-
tion between CD117 expression and various factors
such as chemoresistance, advanced clinical stage,
high grade, as well as SOX2, COT4, and NANOG
markers [1, 3, 8, 36]. CD117 overexpression in extra-
cellular vesicles of ovarian cancer cells positively cor-
relate with more aggressive tumor invasion [3].
CD117 is an important marker and potential thera-
peutic target in ovarian cancer, especially in the
CD117+ subtype. Understanding the role of CD117 in
the development and progression of the disease may
contribute to the development of new diagnostic and
therapeutic strategies [1, 3, 8—11].

Unlike many other cancers that spread primarily
through hematogenous routes, ovarian cancer tends
to transcoelomic metastasis, through the peritoneal
cavity [10, 12]. Metastasizing to the greater omentum
is very common, requiring precise coordination
between tumor cells and metastatic microenviron-
ment [28]. The processes of metastasis in ovarian
cancer are a multi-step and complex sequence of
events. First, cancer cells detach from the primary
tumor and become capable of survival outside the
tumor mass, which indicates their resistance to apop-
tosis [8]. Then, they attach to the omentum and pen-
etrate its structure, changing their metabolism and
switching to the use of lipids that are abundant in this
structure [3]. Ovarian cancer cells undergo significant
molecular changes, including increased CPT1A
expression, activation of ERK signaling pathways,
increased Bcl-X levels, loss of intercellular junctions,
and a shift to a more mesenchymal phenotype due to
EMT [16]. Ascitic fluid accumulates in the peritoneal
cavity, which facilitates the mobility of detached can-
cer cells and provides them with metastatic signals
[10]. In the ascitic environment, cancer cells aggre-
gate into multicellular spheroids which allows them
to evade immune surveillance and chemotherapeutic
effects [24]. These spheroids have a higher potential
for colonizing the greater omentum due to the ana-
tomical features of the abdominal cavity and the tro-
pism of cancer cells for adipose tissue [4]. Ovarian
cancer cells attach to the omental mesothelial layer
through interaction of integrins (cell surface proteins)
with mesothelin [23, 24]. Cancer cells enhance the
secretion of matrix metalloproteinases (MMP-2),
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cTH, MeThOPMUH UHTUOUPYET KJIETOUHYIO a/IT€3HIO,
nposirdepanuio, MUTPAIUIO U CITOCOOCTBYET CHUMKE-
HUIO YCTOWYMBOCTH K XUMHUOTepanuu [9].

CasmHoOMULIH, WOHOGOPHBIH  AHTHOUOTHK,
BBIZIEJIEHHBIN u3 Streptomyces albus, nposiBiser
CEJIEKTUBHYIO IIUTOTOKCUYHOCTH B oTHOIIeHnH PCK
[32—34]. IIpeapiaymiue wccieIOBaHUs, MTPOBEEH-
Hble Ha KJIETOYHBIX JIMHUAX paka sSUYHHKA
(OVCAR3), BBISBWIM WHTHOUPYIOIEE JIEHCTBUE
KOMOUWHAITUY CAJTMHOMHMIIUHA C TAKJIUTAKCETIOM Ha
skcnpeccnio CD44 u CD117 [32]. AHajmorudHbie
pesysibTaThl OBUIM TOJIy4eHbI B HCCIAETOBAHUH
H.G. Lee et al. [33, 34], T Ae Ha U30JIMPOBAHHBIX
CD44- u CD117-TI0JIOKUTEIBHBIX KJIETKAX, BBIZE-
JIEHHBIX U3 aCHUTUYECKOU JKUJKOCTU MAIlHEHTOK C
PakoM SIMYHUKOB, OBLJIO MTOKA3aHO, YTO CATMHOMU-
[OFH B KOMOWHAIIUH C MMAKJIUTAKCEJIOM CHHIKAET UX
JKU3HECITOCOOHOCTh U MHAYIIUPYET aroITo3.

[IpumeHeHVE HOCUTEJISI, UMUTHPYIOIIETO JIUIIO-
MMPOTEWHBI BBICOKOUW IUIOTHOCTH B KOMOWHAIIUU C
camunomunuaoMm (S-HDL), mpo/ieMOHCTPpUPOBAIO
BBIPQJKEHHYIO IIPOTHUBOOIYX0JIEBYIO aKTUBHOCTD ITPH
pake SAMYHUKOB 32 CUET MHTHOWPOBAHUSA TPAHCIISA-
nuu 6eskoB CSC, Bratouas c-Myc, NANOG, OCT4 u
SOX2, KOTOpbI€e CBA3AHBI C XUMHOPE3UCTEHTHOCTHIO
U penuauBoM paka [35]. Ha ocHOBaHWHM 3TUX JlaH-
HBIX aBTOPHI KCCIENOBAHUU O BIAUSHUU MeTdhOp-
MHWHA U CAJTMHOMUIIMHA TIPE/II0JIaraloT, UTO 3TH JIBa
mpemnapaTta MOTYT IIPECTaBJISITh COOOM MepCIIeKTHUBR-
HyI0 CTpaTeruio I YJIY4YIIeHUs BbIKUBAEMOCTH
MaIeHTOK U MPEeIOTBpAIlleH!s] PeUUBOB pakKa, B
TOM YHCJIE paKa TUYHUKA.

KOPPEJAIINA C APYTUMU MAPKEPAMMU
N OCOBEHHOCTMN METACTA3SUPOBAHUA
ITPU1 PAKE ANYHHNKA

Bo MHOTHX HCC/IeZOBaHUAX ObLIa yCTaHOBJIEHA
MpsiMasi KOppeJisus Mexxay skcrnpeccuern CD117 u
pasuuHbBIMU (HAKTOPAMU, TAKUMH KaK XUMHOPE3HU-
CTEHTHOCTb, TO3/IHSAS KIMHUUECKasl CTa/Ius, 3JI0Kave-
CTBEHHOCTh, a Takxke Mapkepamu SOX2, COT4 u
NANOG [1, 3, 8, 36]. BoJyiee BBICOKUI YPOBEHD JKC-
npeccuu CD117 BO BHEKJIETOUHBIX BE3UKYJIaX KJIETOK
PaKa SUYHUKOB ITOJIOKUTEJIBHO KOPPETUPYET ¢ OoJiee
arpeccUBHOM MHBa3ueH omyxosu [3]. CD117 siBisieTcst
B)KHBIM MapKepOM U ITOTEHITHAIbHOU TeparieBTHYe-
CKO¥M MUIIIEHBIO [TPU paKe SIUYHUKOB, OCOOEHHO IIPHU
noarune paka CD117+. Ilonumanue poau CD117 B
Pa3BUTHU U IPOTPECCUPOBAHUH TOTO 3a00JI€BAHMUS
MOKET CIIOCOOCTBOBATh pa3pabOTKe HOBBIX CTpaTe-
TUH JUAaTHOCTUKU U jieyeHus [1, 3, 8—11].

B oTinume OT MHOKeCTBA JIpYyTUX TUIIOB pakKa,
KOTOpBbIE PpACIPOCTPAHAIOTCA IPEeUMYyIeCTBEHHO

which promotes the degradation of vitronectin and
fibronectin. The developing fragments of these pro-
teins enhance the binding of a581 and aVf33 integrins
to cell membranes, which increases the migratory
and invasive capabilities of tumor cells [10]. Down-
regulation of E-cadherin in metastatic ovarian cancer
cells leads to the induction of as-integrin, which
enhances the binding of asfi-integrin to cleaved
fibronectins in the metastatic site. Activated a5p1-
integrin induces the phosphorylation of Src and FAK,
which promotes invasion through the mesothelium
and the omental basement membrane [14, 15]. After
penetrating into the mesothelium, ovarian cancer
cells begin to generate metastases by interacting with
the extracellular matrix, immune and stromal cells
[18]. Importantly, only a small percentage of detached
ovarian cancer cells are able to metastasize [1, 3, 6].
These cells are called metastasis-initiating cells
(MICs). The study of MICs is an important field of
ovarian cancer research, as it may lead to the develop-
ment of new therapies [9, 10]. The origin of MICs in
ovarian cancer is controversial [1, 3, 8—11]. Some
researchers believe that they originate from the fallo-
pian tube epithelium, while others suggest that they
derive from the ovarian surface epithelium [1, 8, 9].
Studies show that cells originating from the fallopian
tube epithelium may be more aggressive and resistant
to chemotherapy, as well as prone to invasion [3, 8].
Given the importance of metastasis for the ovarian
cancer progression, current research is aimed at iden-
tifying new therapeutic targets to suppress metasta-
sis. Promising directions include MMP inhibitors,
integrin antibodies, and drugs that block metastasis-
associated signaling pathways

CONCLUSION

CD117 is a key marker of tumor stem cells, the
expression of which is associated with an unfavor-
able prognosis of the disease. CD117 overexpression
is associated with chemoresistance, advanced clini-
cal stage, high grade, and more aggressive tumor
growth. Importantly, CD117-positive ovarian cancer
can be combined with other oncological diseases,
which complicates diagnosis and treatment. It is nec-
essary to continue research into the characteristics of
CD117-positive ovarian cancer in order to develop
more effective strategies for diagnosis, treatment,
and prognosis of this aggressive subtype of cancer.
Particular attention should be paid to the search for
new therapeutic targets the CD117 signaling pathway
and reduce treatment resistance.
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yepe3 reMaTOTeHHBIN IyTh, PaK SUYHUKOB HMeEET
TEH/IEHIINIO K TPAHCIEIOMUYECKOMY MeTacTa3hupo-
BaHUIO — Yepe3 OPIOIIHYI0 MOJIOCTh [10, 12]. Yacto
HaOJIIOTaeTCsl MeTacTa3upoOBaHUe B OOJIBIIION cab-
HHUK, YTO TpeOYyeT CI0KHOU KOODJUHAIIMU MEXKITY
OIYXOJIEBBIMH KJIETKAMU U  MeTaCcTaTUYECKOH
mukpocpenoi [28]. IIporecchl MeTacTa3supOBaHUs
IIpU paKe SUYHUKOB IIPEJCTABIISIIOT COOOM MHOTO-
CTYIIEHYATYI0 M CJIOXKHYIO IIOCJIEZIOBATEHFHOCTh
coObITHH. B mTepBy1o ouepe/ib, pakOBbI€ KJIETKHU OT/Ie-
JISTIOTCST OT TMEPBUYHOM OIYXOJIM U CTAHOBSITCS CITO-
COOHBIMU K BBDKHBAHUIO BHE OITyXOJIEBOM MAacCHI,
YTO CBUJIETEJIBCTBYET 00 WX YCTOMUMBOCTU K AIIOII-
To3y [8]. 3aTeM OHUM IPUKPEIUISIOTCA K CATbHUKY U
MIPOHUKAIOT B €T0 CTPYKTYPY, U3MEHsIsI CBOH MeTabo-
JIN3M U TIEPeXoJisi Ha WCIOJIb30BAHUE JIMIIHOB,
O0OHJTbHO ITPUCYTCTBYOIINX B 3TOM MecTe [3]. B kiet-
KaX paka SUYHUKOB IPOUCXOMASAT 3HAYUTEIbHBIE
MOJIEKYJIIPDHbIE W3MeHEeHUs: HaOJIIOZaeTCsl YBEIU-
uyeHue skcnpeccuu CPT1A, akTuBaIus CUTHAIbHBIX
nyreii ERK, moBwimenue ypoBHs Bcl-X, motepst
MEXKKJIETOUHBIX COeJUHEHWH U Tepexon K 0Oosee
Me3eHXUMaJIbHOMY ¢deHOTUny B pesysbraTe DMII
[16]. B OGpromIHOLi MOJIOCTH HAKATTUBAETCS aCIIUTH-
yeckas JKUAKOCTb, KOTOpasi CIOCOOCTBYET IiepeMe-
IEHUI0 OTCIOUBIIUXCSA PAKOBBIX KJIETOK U IIPENO-
CTaBJIAeT UM MeTacTaTUYeCKHe CUTHAJIbl [10].
B acriutuueckoit cpesie pakoBble KJIETKU 00beIHA-
IOTCSI B MHOTOKJIETOUHBIE C(EPOU/IBI, UTO IIO3BOJISIET
1M n36eraTb UMMYHHOTO Ha/I30pa ¥ XUMUOTEPATIEB-
THUYECKUX BO3JIEUCTBUH [24]. ATU cPepouibl UMEIOT
0oJiee BBICOKHMH IIOTEHIIMAJI KOJIOHH3AIUH O0JIb-
IIIOTO CaJIbHUKA OJlaroziapss aHATOMHYECKHUM OCO-
OeHHOCTAM OPIOIIHOW IMOJIOCTH U TPOMU3MY PaKO-
BBIX KJIETOK K JKHUPOBOU TKaHW [4]. KileTku paka
SIMYHUKOB MPUKPEIUIIOTCA K Me30TeTHaTIbHOMY
CJIOI0 CAJIbHUKA Uepe3 B3aUMOZEHCTBIE UHTETPIHOB
(KJIETOYHBIX MTOBEPXHOCTHBIX OEJIKOB) C ME30TEeJH-
HOM [23, 24]. PakoBble KJIETKU yCHUJIUBAIOT CEKpe-
M0 MATPUKCHBIX MeTasuionporenHas (MMP-2),
YTO CIOCOOCTBYET paCIIeIIEHUI0 BUTPOHEKTHUHA U
ubponexkTrHa. O6pazoBaBiInecs GparMeHThl ITHUX
0€eJIKOB YCUJIMBAIOT CBA3bIBAHYIE MHTETPUHOB A5031 1
aVPB3 ¢ KIeTOYHBIMU MeMOpaHaMU, YTO IOBBINIAET
MUTPaAIMOHHbIE K UHBA3UBHBIE CIIOCOOHOCTH OITyXO0-
JeBbIX KiIeToK [10]. IlomaBieHuwe 3KCIIpeccuu
E-kajirepriHa B MeTaCTaTHUYECKUX KJIETKAX paKa sind-
HUKOB IPHUBOAUT K HHAYKIIUU O5-WUHTETPUHA, YTO
YCUJIMBAET CBS3bIBAHUE (5(1-MHTErpUHA C paciie-
IUIEHHBIMH (UOPOHEKTUHAMU B METaCTaTHUECKOU
30He. AKTUBUPOBAHHBINA A5Q31-UHTErPUH HHUIIHU-
pyer dochoprmiuposanue Src u FAK, uto crmocob-
CTByeT WHBA3WHM Yepe3 Me30TeJIMd U 0OaszabHYyIo
MeMOpaHy caysibHUKA [14, 15]. [Tocsie mpOHUKHOBE-

HUs B ME30TEJINH KJIETKU PaKa SIMYHUKOB HAUNHAIOT
¢dopMHUpOBaTh MeTacTa3hbl, B3AUMOJIEUCTBYSI C BHE-
KJIETOYHBIM MaTPUKCOM, UMMYHHBIMH U CTPOMAJIb-
HBIMHU KJyieTkamu [18]. BaskHO OTMETHTbh, UTO JIUIIb
HeOOJIBIIION TIPOIEHT OT/AEIUBIINXCA KJIETOK paka
SIMYHUKOB 00J13/1aeT CIIoCOOHOCTHIO K METAaCTa3HPO-
BaHUIO [1, 3, 6]. ITH KJIETKU HA3hIBAIOT MeTacTaTHU-
YyecKd MHUNUUpyomumMu kierkamu (MIC). Usyue-
"Hue MIC aBisgercs BaXHOM 00JIaCTBbIO HCCIIELOBA-
HUI paka SHYHUKOB, TaK KaK 5TO MOKET IIPUBECTH K
pa3paboTke HOBBIX METOOB JieueHus [9, 10]. IIpo-
HUCXOKJIEHNE MEeTaCTa3uPYIOIUX KJIETOK IPHU pake
SIMIHUKOB SIBJISETCS JIUCKYCCHOHHBIM BOIIPOCOM [1,
3, 8—11]. HekoTopbie uccaeq0BaTENH MOJIAraoT, YTO
OHU IIPOUCXOJIAT U3 ANUTEINHA (HAJIOMHEBOU TPYOHI,
TOT/Ia KaK JIPyTHE CUUTAIOT, YTO OHU (POPMHUPYIOTCS
U3 TIOBEPXHOCTHOTO SIHTENUs SU4YHUKa [1, 8, 9].
HceneqoBaHusa MOKa3bIBAIOT, YTO KJIETKH, IIPOUCXO-
JISIEe U3 SIUTEeIus (PajiyionueBodl TPyObl, MOTYT
ObITH 6OJiee arpecCHUBHBIMHU U YCTOMUHMBBIMU K
XUMHOTEPAINY, a TaKKe CKJIOHHBIMH K WHBa3HU
[3, 8]. YuuTbiBasi BAXKHOCTh METACTAa3UPOBAHUS JJIA
MPOTPECCUPOBAHUS paKa SSUYHUKOB, COBPEMEHHBIE
HCCJIEZIOBAHUS HAIIPaBJIEHbl HA BBIABJIEHHE HOBBIX
TepaneBTUYECKUX MUIIIEHEH /IS TTO/IaBJIEHUS MeTa-
crazupoBanus. Cpey NEpPCHIEKTUBHBIX HaIlpaBJie-
HUH BbIIenAoTcss uHrubutoper MMP, anTuTeNa K
WHTETPUHAM U IIPenapaThbl, 0JI0KUPYIOIIHe CUTHATb-
HbIE ITyTH, CBSI3aHHBIE C METACTA3UPOBAHUEM.

3AK/IIOYEHUE

CD117 aBiseTca KII0YeBBIM MapKePOM OIIyXOJie-
BBIX CTBOJIOBBIX KJIETOK, DKCIIPECCUS KOTOPOTO CBSI-
3aHa C HeOJIArONpPUATHBIM IPOTHO30M 3aboseBa-
HuA. Beicokuil ypoBeHs skcrpeccun CD117 xoppe-
JIUpYyeT C XUMHUOPE3UCTEHTHOCTHIO, IT03/ITHEH KIIMHU-
JecKOM cTasuel, 3JI0KaueCTBEHHOCThIO U OoJiee
arpecCUBHBIM POCTOM OIIyXOJIU. BaKHO OTMETHUTH,
uro CD117-TI0JIOKUTEIBHBIA PaK SIMYHUKA MOXKET
COYETAThCS C IPYTUMH OHKOJIOTHYECKUMHU 3aboJie-
BAHUSAMHU, YTO YCJIOKHSET TUATHOCTUKY U JIeUEHUE.
Heobxoammo mpoonKaTh UCCIIEIOBAaHUS OCOOeH-
Hocrer CD117-IIOJIOKUTEJIBHOTO paKa SUYHUKA,
4T00BI pa3zpaboTaTs 60s1ee 3 GEKTUBHBIE CTPATETUH
JIUaTHOCTUKY, JIEYEHU U MPOTHO3UPOBAHUSA 3TOTO
arpecCUBHOTO IOATUIIA OHKOJIOTHYECKOTO 3abosie-
Banus. Ocoboe BHUMAaHUE CIIEAYET YAEJIUTh IOUCKY
HOBBIX TEpANleBTUUECKUX MUIIIeHel, Bo3/lelicTBIe Ha
KOTOpbI€ TO3BOJIUT IOAABJATh CUTHAJIBHBIH IYTh
CD117 1 cHI>KaTh YCTOUYUBOCTH K JIEUEHUIO.
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