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Oco0eHHOCTH IKCIIPECCUU MOJIEKY/IAPHBIX IIIAlIEPOHOB
Hsp27 1 HSp9oO npu cepo3HOM pake ANYHUKOB

E.B. Kaiiropoznosa* 2, O.1. Kosanér2, M.1O. I'puiienko 3, C.B. Bropymua® 2

'HayuHo-uccaedogamendvcekuil uHemumym oHnkoao2uu @I'BHY « Tomckull HauuoHaabHblil uccaedosamensvekuil
Meduyurckuil yenmp Poccuiickoil akademuu Hayk», Tomck, Poccus

2@I'6OY BO «Cubupckuil 2ocydapcmeetHblil MeduyuHckuil ynusepcumem» Munadpasa Poccuu, Tomck, Poccus

30I'AY3 «Tomckuil o6.aacmHotl oHKoa02uveckull oucnaxcep», Tomck, Poccus

AHHOTAIIUA

BBenenue. Pakauunukos (PS) npencrasiser BTOPYIO 10 YaCTOTE IPUYUHY CMEPTH OT THHEKOJIOTHYECKOTO PaKa,
IIPU 5TOM CEPO3HBIN pak fABJsgeTcsa HauboJslee paclIpoCTPAaHEHHBIM U arPeCCUBHBIM TUIIOM U3 BCEX TMCTOIOTHYECKUX BapH-
aHToB. IToMCK HOBBIX OMOMAapKePOB U MUIIIEHEH JJIs1 TAPTEeTHOM Tepanuu PSI ABisieTcs akTyaTIbHOU 33/j1a4ell OHKOTHHEKO-
Jjoruu. B mocsiesHue To/ibl BHUMaHKE HCCIE0BaTe/ el MPUKOBAHO K M3ydeHHIo 6esikoB TerioBoro moka (Heat shock
proteins — Hsp), KOTOpbIe IIPECTABIIAIOT COO0H MOJIEKYJISIPHBIE IIIANIEPOHBI, CHHTE3UPYIOIIECS B OTBET HA CTPECCOBHIE
(axropsl, criocoberByronITe pedOIUHTY TOBPEKIEHHBIX OEJIKOB M BOCCTAHOBJIEHUIO UX KJIETOYHBIX GYHKIHH. Moseky-
JIIpHBIE 1IAIIEPOHBI YYaCTBYIOT B IIO//Iep>KaHUU TOMeocTa3a KJIeTKHU, PeryJIAIUY aKTUBHOCTU OHKOTE€HOB U OITyXOJIEBBIX
CYIIPECCOPOB.

IT e 1 b . U3yunuth ocobenHocTu skcpeccuu Hsp27 u Hspgo mpu cepo3nom P B cpaBHEHUU ¢ TOTPAHUYHBIMHU OITYXO-
JISIMH, C yY€TOM BHYTPHKJIETOUHOU JIOKAJIU3ALMH U MTOTEHI[UAJIBHOTO IMaTHOCTHYECKOTO 3HAYEHU 9TUX MapPKEPOB.
MaTepuainb U MeTOI/Bbl. BucciaeroBanrue ObIN BKIIOYEHBI 23 MAIIEHTKHU C BIIEPBBIE YCTAHOBJIEHHBIM
cepo3HbIM Pf u 6 KEHIIUH ¢ MOTPAaHUYHBIMH OmyXoasMu ssuaHukoB I-IIIc craaumu nmo FIGO (cpemHuii BO3pact
53,4 + 8,1 roza), npoxoausiiue seyenue B Tomckom HUM onkosioruu u/wiu ToMckoM 061aCTHOM OHKOJIOTUYECKOM JTHC-
naHcepe. MarepuasoM /i UCCIeJOBaHUsA CIIyKWIN ITapaduHOBbIe OJIOKU OHOIICUIHOTO U OIlepPAIlMOHHOIO MaTepHaia
OIIyXOJIEBOU TKAaHU, MOJIyUeHHBbIE HA HTaIle JIANAPOCKOIUYECKOTO XUPYPTUUECKOTO CTaIUPOBAHUA 10 Havasia JIeYeHUs .
Mertoznom ummyHorucroxumudeckoro (MI'X) okpamInBaHHs ONPEAessUIM BHYTPUKJIETOUHYIO JIOKanusauio Hsp2y u
Hsp9o B 01yx0J1eBBIX U CTPOMAJIbHBIX KJIETKAX.

PesyansptTarTs . Bxoge UI'X uccsenoBanus BeIABIEHO, UTO Ipe3eHTanusa HSp27 B OIyX0J1eBBIX KJIeTKaX IIPU IO~
cyeTe II0 IUTOIIa3Me U APy Bblllle, YeM B CTPOMe, B 10,48 U 7,41 pa3a COOTBETCTBEHHO; Npe3eHTanusa Hsp9o B omyxose-
BBIX KJIETKAX BBIIIE B IIUTOIUIa3Me U A/Ipax, YeM B KJIETKaX CTPOMBI, B 40,42 u 86,67 pasa cooTBeTCTBeHHO. KosimyecTBo
Hsp27-nosyoxutenpHbIX OIyX0JIeBBIX KJIETOK BBIIIE B 3,2 pa3a KosndecTBa HSp9O-11010:KUTeIBbHBIX OIyX0JIEBBIX KJIETOK
B TKaHU CEPO3HOH a/IEeHOKAPIIUHOMBI SUYHUKOB (P = 0,0006, kpuTepuii Buskokcona). [Ipy MOrpaHUYHBIX OIYXOJIAX STUY-
HUKOB Kom4ecTBO Hsp27- u HSpQO-II0JI0KUTEIbHBIX OIyX0JIEBBIX KJIETOK 3HAYUMO MeHbIe, ueM npu PA (kpurepuii
ManHa — YUTHHU p < 0,0001 ¥ p = 0,0018 COOTBETCTBEHHO).

3akKkJo04YeHHUe. 3HAUUTeJbHAsA Pa3HUIA B IPe3eHTAIIU MOJIEKy IAPHBIX I1anepoHoB Hsp27 u Hsp9o B kieTou-
HBIX KOMIIAPTMEHTaX OIIyX0JIEBBIX U CTPOMAJIBHBIX KJIETOK, a TakKe OoJiee yeM YeThIpeXKpaTHOe yBeJHYeHHe JJAHHOTO
MapKepa IIPH CEPO3HON KapIMHOME SHYHUKOB, [10 CPABHEHHIO C IIOTPAHUYHBIMHU OIyXOJISIMHU, YKa3bIBAIOT HA TUATHOCTHU-
YeCKyI0 U IPOrHOCTHYECKYI0 posib Hsp27 u HSp9o npu MMMyHOTHCTOXMMHYECKOH auarHoctuke P, a Takke mepcrex-
THBBI TAPT€THOU TepaIluy, HAIIPABJIEHHOH Ha MOAYJLANNIO akTUBHOCTH Hsp27 u Hspgo.

Kaoueanle caoga: MoseKysspHble marneponsl, Hsp27, Hsp9o, cepo3HbI pak AMYHUKOB, HMMYHOTHCTOXUMUS.
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ABSTRACT

Introduction. Ovarian cancer (OC) represents the second most common cause of death from gynecologic can-
cer, with serous cancer being the most common and aggressive of all histologic variants. The search for new biomarkers and
therapeutic targets for the OC treatment is an urgent task of gynecologic oncology. In recent years, researchers have focused
their attention on the study of heat shock proteins (Hsps), which are molecular chaperones synthesized in response to stress
factors exposure and contributing to the refolding of damaged proteins and restoring their cellular functions. Molecular
chaperones are involved in maintaining cell homeostasis, regulating the activity of oncogenes and tumor suppressors.

A i m . To study the features of the Hsp27 and Hsp9o expression in serous OC compared with borderline ovarian tumors,
taking into account the intracellular localization and the potential diagnostic value of these markers.

Materials and meth ods. Thestudyincluded 23 patients with newly diagnosed serous OC and 6 women
with FIGO stage I-IIIC borderline ovarian tumors (mean age 53,4 + 8,1 years) who were treated at the Tomsk Research
Institute of Oncology and/or Tomsk Regional Oncological Center. The study objects were paraffin blocks from tumor tissue
obtained during biopsy and surgery intervention during laparoscopic surgical staging before the treatment. The intracel-
lular localization of Hsp27 and Hsp9o in tumor and stromal cells was determined by immunohistochemical (IHC) staining.
Results. The IHC study revealed that the expression of Hsp27 in tumor cells, when calculated by cytoplasm and
nucleus, is 10,48 and 7,41 times higher than in the stroma, respectively; the expression of Hspgo in tumor cells is 40,42
and 86,67 times higher in cytoplasm and nuclei than in stromal cells, respectively. The count of Hsp27-positive tumor cells
is 3,2 times higher than the count of Hspgo-positive tumor cells in tissue of ovarian serous adenocarcinoma (p = 0,0006,
Wilcoxon test). In borderline ovarian tumors, the count of Hsp27- and Hspgo-positive tumor cells is significantly lower
than in OC (p < 0,0001 and p = 0,0018, respectively, Mann-Whitney test).

Conclusion. Thesignificant difference in the expression of the molecular chaperones Hsp27 and Hsp9o in the
cellular compartments of tumor and stromal cells, as well as a more than fourfold increase in this marker in serous ovarian
carcinoma compared with borderline tumors show the diagnostic and prognostic role of Hsp27 and Hsp9o in the immuno-
histochemical diagnosis of OC, as well as the prospects of Hsp27 and Hsp9o activity modulation targeted therapy.
Keywords: molecular chaperones, Hsp27, Hsp9o, serous ovarian cancer, immunohistochemistry.
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BBEJAEHUNE

OmHOM U3 OYEHD CEPBE3HBIX U BAKHBIX ITPOOIEM
BCEMHPHOT'O 3/I[PaBOOXPAHEHUS SIBJISIETCA PaK ANY-
HukoB (Pf), KOTOpBIN HpeaCTaBIseT BTOPYKO IO
YacToTe MPUYUHY CMEPTH OT THHEKOJIOTHYECKOTO
paxa [1]. ITpu aTOM cepo3HBIi pak — HauboJsee pac-
MIPOCTPaHEHHBIN U aTrPECCUBHBIN THIT U3 BCEX TUCTO-
sornyeckux BapuanToB PA [2]. OxHON M3 npuduH
HeOJJIaTOIPUATHOTO IPOrHO3a Y 60bHBIX P sBIIs-
ercs MO3AHsA JHAarHOCTUKa 3abosieBaHus [3, 4]
Jlosroe BpeMs TeUeHHE OIyX0JIEBOTO IPOIlecca OCTa-
ercss OECCHMIITOMHBIM BIUIOTH /10 Pa3BUTHA AUD-
(y3HOTrO KaHIIEpOMAaTO3a OPIOIINHBI, KOTOPBIH IIPO-
SABJISIETCA  B3J[yTHEM JKHBOTA U  JKEJYJOYHO-

INTRODUCTION

One of the most serious and important problems
of global health care is ovarian cancer (OC), which is
the second most common cause of death from gyne-
cological cancer [1]. At the same time, serous OC is
the commonest and aggressive type of all the histo-
logical variants of cancer [2]. One of the reasons for
unfavorable prognosis in patients with OC is the late
diagnosis of the disease [3, 4]. For a long time, the
tumor process remains asymptomatic until develop-
ing diffuse peritoneal carcinomatosis which is mani-
fested by abdominal bloating and gastrointestinal
symptoms [5]. Currently, only 20% of OC cases are
diagnosed at stages I-II. Most cases are diagnosed at
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KHUIIIEYHBIMU cUMIITOMaMu [5]. B HacTosiee Bpems
TOJIbKO 20 % ciyuaeB P puarHoctupyercs Ha cTa-
guuax I-I1. BoapmIMHCTBO cilydaeB AUATHOCTUPY-
ercs Ha cragusx 111 (51 %) u IV (29 %), xorna 5-1eT-
HsS BBIXKHBAEMOCTh COCTaBJjIsAeT MeHee 30 % [3, 4].
B cBsA3H ¢ 3TUM ITOUCK HOBBIX OHOMAapKEPOB U MUIIIE-
HeU /1 TapreTHOU Tepanuu P saBisieTcss akTyaab-
HOU 3a/1aueil OHKOTMHEKOJIOTHH.

B mocsienHue rogpl BHUMaHUE KCCIIEIOBATEIEH
MIPUKOBAHO K M3yYeHHIO OEJIKOB TEIIOBOTO IIOKa
(Heat shock proteins — Hsp), KoTopble mpejcTaB-
JITIOT cOO0M MOJIEKYJISIpHbIE IIAlepOHbl, CHHTE3U-
pymolrecss B OTBET Ha CTpeccoBble (aKTOPHI, CIIO-
cobcTByomue pedoIAUHTY TOBPEKIEHHBIX OETKOB
U BOCCTAHOBJIEHUIO UX KJIETOUHBIX (pyHKIUI [6—8].
Oco0bIl THTEpEC MPEJICTABIIAIOT IIarepoHbl Hspgo
u Hsp27, skcmpeccuss KOTOPBIX, 1O JAHHBIM psiaa
WCCIIEZIOBAaHUH, ITOBBINIIEHA B OMYXOJIsSAX SUYHUKOB U
KOppeJIupyeT ¢ HebJaronpusiTHBIM —IIPOTHO30M
[9, 10]. Hsp9o yuacTByeT B cTaOHIN3AIUM 1 AKTHBA-
MY OHKOTEHOB, a TaKKe 00eCIeYnBaeT BbKUBAHHE
OIYXOJIEBBIX KJIETOK NP XUMHUOTepamuu [7, 11].
Hsp27 ctumynupyer mnpoaundepariio 1 MUTPAIHIO
KJIETOK, TO/IABJISIET AIllONTO3, CIOCOOCTBYET SITHUTE-
JIMAJIPHO-ME3EHXUMAIbHOMY TIepexoay [7, 12].

IEJIb NCCJIEJOBAHUA

U3yuuth ocobeHHOCTH »sKcmpeccuun Hsp2y u
Hsp9o npu ceposnom PA B cpaBHEHUU C IOTPAHUY-
HBIMU OIYXOJIIMH, C Y4eTOM BHYTPHUKJIETOUHOH
JIOKQJIN3allud U TOTeHIHUAJBHOIO JUarHOCTHUYe-
CKOT'0 3HaUeHUA 3TUX MapKepoB.

MATEPUAJIBI 1 METO/bI

B uccnenoBanue ObUTH BKJIIOUEHBI 23 MAIUEHTKH
¢ BIIepBble YCTAaHOBJIEHHBIM cepo3HbIM PA 1 6 nanu-
€HTOK C IIOTPAHUYHBIMHU OIYXOJAMH SUYHUKOB
(ITOA) crapguu I-1IIC mo FIGO (cpemuuii BO3pact
53,4 + 8,1 T0/1a), MPOXOAUBIIHE JieueHe B ToMcKOM
HUMU oukonoruu u/vau TOMCKOM 00671aCTHOM OHKO-
JIOTUUECKOM JivcriaHcepe. Bee manyeHTKH peiocta-
BWIN TOJIMMCAaHHOE WHOOPMUPOBAHHOE COTJIAcHe
Ha yJacTue B UccjieioBaHuu. IIpoBesenue ucciaeno-
BaHUSA OBLIO OM0OPEHO JIOKAJIbHBIM STUUYECKUM
komutetoMm HWMWM onkosormm Tomckoro Hammo-
HaJIBHOTO UCCJIeI0BATEIbCKOTO MEIUIIMHCKOTO I[eH-
Tpa (mpoTokos N2 g 0T 07.03.2023).

Marepuasiom /ISl UCCIIE/IOBAHUS CITY»KIJIN TIapa-
(uHOBBIE 6JIOKH OGUOIICHMHHOTO U OIMEPAIMOHHOTO
MaTepuajia OIyXOJIeBOM TKaHW, IMOJIydeHHble Ha
3Talle JanapoCKOMUYECKOTO JUAaTHOCTUUECKOTO CTa-
JIUPOBAHUA 10 Havasa JiedeHus. ['uCTOIOTHYecKui
THUI OIyXOJIM YCTAHABJWBAJICA HA OCHOBAHUM aHa-
JIN3a TUCTOJIOTUUECKUX IIPEapaToB U KyiacCu@uIiy-

stages II (51%) and IV (29%), when a 5-year survival
rate is less than 30% [3, 4]. In this regard, the search
for new biomarkers and targets for anticancer ther-
apy is an urgent task of gynecologic oncology.

In recent years, researchers have focused their
attention on the study of heat shock proteins (Hsps),
which are molecular chaperones synthesized in
response to stress factors that promote the refolding
of damaged proteins and the restoration of their cel-
lular functions [6—8]. Of particular interest are the
chaperones Hspgo and Hsp27, the expression of
which, according to several studies, is increased in
ovarian tumors and correlates with an unfavorable
prognosis [9, 10]. Hspgo takes part in the stabiliza-
tion and activation of oncogenes, as well as ensures
the survival of tumor cells during chemotherapy [7,
11]. Hsp27 stimulates cell proliferation and migra-
tion, suppresses apoptosis, and promotes epithelial-
mesenchymal transition [7, 12].

AIM OF THE RESEARCH

To study the features of the Hsp27 and Hspgo
expression in serous OC compared with borderline
ovarian tumors, taking into account the intracellular
localization and the potential diagnostic value of
these markers.

MATERIALS AND METHODS

The study included 23 patients with newly diag-
nosed serous OC and 6 patients with FIGO stage I—-
ITIC borderline ovarian tumors (BOTs) (mean age
53,4 + 8,1 years) treated at the Tomsk Research Insti-
tute of Oncology and/or Tomsk Regional Oncological
Center. All patients provided signed informed consent
to participate in the study. The study was approved by
the local Ethics Committee of the Research Institute
of Oncology, Tomsk National Research Medical Cen-
ter (Protocol No. 9 dated 03.07.2023).

The study objects were paraffin blocks from
tumor tissue obtained during biopsy and surgical
intervention in laparoscopic diagnostic staging
before the treatment. The histological type was
determined based on histological examination of
specimens, and classified in accordance with the
WHO International Classification of Tumors of
Female Reproductive Organs (5™ edition, 2020).

Immunohistochemical staining was performed
using a Ventana BenchMark Ultra system and mouse
monoclonal antibodies to human Hsp27 (Anti-Hsp27
antibody (clone G3.1, 1:500 dilution) (Abcam, UK) and
to human Hspgo (Anti-Hspgo antibody (clone AC88,
1:500 dilution) (Abcam, UK)). The presentation of the
molecular chaperones was evaluated by the percentage
of positively stained cells per 1000 cells at a high mag-
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poBasicsl B COOTBETCTBUU ¢ MeXKIyHapOAHOHN Kiac-
cudUKaIen OIyXoJIel }KeHCKOH IT0JIOBOH CHCTEMBI
BO3 (5-e uzganue, 2020 T.).
VIMMyHOTHCTOXUMUYECKOE OKpAaIIUBAaHUE IIPO-
BOJIJIOCH C HCIOJIb30BAHUEM HMMYHOCTEHHepa
Ventana BenchMark Ultra u MBIIIHHBIX MOHOKJIO-
HaJbHBIX aHTUTEN K Hsp27 (Anti-Hsp27 antibody
(xron G3.1, pabouee pasBemenue 1:500) (Abcam,
UK) u k Hspg9o uenoBeka (Anti-Hspgo antibody
(xsion AC88, pabouee paspeneHue 1:500) (Abcam,
UK)). IlpeseHTanusi MOJIEKYJIAPHBIX IIAIIEPOHOB
OIIEHUBAJIACH TI0 IIPOIIEHTHOMY COZIEPKAHUIO [T03H-
TUBHO OKPAIIEHHBIX KJIETOK Ha 1000 KJIETOK IPHU
OOJIBIIIOM VBEJIMYEHUH MHUKPOCKONa (x400) ©
pe3yspTaTaM aHaJu3a THCTOJIOTHYECKUX CKAHOB,
MOJIyYeHHBIX C TOMOINbI0 ammapara Aperio AT2
(Leica) u mporpammbl QuPath vo.5.0. Ilpu sTOM
VUHUTBIBAJICS XapaKTep BHYTPUKJIETOYHOM HKCIIpeC-
cuu (sAepHBIH U MuTOIIa3MaTuyeckuii). QuPath —
HOBOE€ IPOTPaMMHOe O0eclevYeHre C OTKPBITHIM
KCXOIHBIM KOJIOM JIJIf aHAJIN3a CKAaHOB T'HCTOJIOTH-
YyecKux cpe3oB. IloMuMO TOTO, YTO mporpamma
BKJIIOYAET B ce0s1 OOIMUPHBIE HHCTPYMEHTHI aHHOTA-
[UH ¥ BU3yaIu3aliuy, oHa obsiasiaer HabopoM BCTPO-
€HHBIX AJITOPUTMOB /IJIsI PEIIeHHs PACIIPOCTPAHEH-
HBIX M CJIOKHBIX NpOOJIEM aHaJu3a IAaTOJIOTUH,
BKJIIOYasi OOHapy:KeHUe KJIETOK U TKaHeH, a Takxke
BO3MOKHOCTHIO MHTEPAKTHUBHOTO MAIIMHHOTO 00Y-
JeHus JJIA Kiiaccuuranuu 00beKToB [13].
PesysbTaThl HCC/IEIOBaHUSA 00pabaThIBAIA C
HCIIOJIb30BaHueM mporpamm Microsoft Excel 2019
(Microsoft, CIIIA) m STATISTICA 13.5 (TIBCO
Software Inc., CIIIA). IIpoBepka Ha COOTBETCTBHE
BBIOOPOK 3aKOHY HOPMAaJIBHOTO pAaCIpefeIeHuUs
MPOBO/IWJIACH  C  KCIIOJIb30BAaHUEM  KPUTEPHUS
IMamupo — Yuika. CBA3b MeXKAY ABYMsI BLIOOPKaMHU,
He TOJUYUHSIONIUMUCA 3aKOHY HOPMAJIBHOTO pac-
IpeJieIeHus1, OLIEHUBAIN C TTOMOIIBI0 KOPPEJISAIUN
CnupmeHna. CTaTHUCTHYECKyI0 3HAaYUMOCTb pa3Jiu-
YU HE3aBUCHMBIX BBIOOPOK OIEHUBAIHU C IOMOIIHIO
HellapaMeTpuyeckoro kpurepus ManHa — YUTHU U
KpUTepUsi BUJIKOKCOHA [I1 3aBUCUMBIX BBIOOPOK.
Pazmnuus CYUTATUCH CTATHUCTUYECKU 3HAYUMBIMU
MU JIOCTUTHYTOM ypPOBHE 3HAUYMMOCTH P < 0,05.
Pe3ysbTaThl TpEACTABJIEHBl B BHAE MeEIUAHBI H
MeXKBapTUJIbHOTO pasmaxa Me (Q ; QS).

PE3YJ/IBTATDI

B omyxosieBbix KieTkax PSl mabsromaercsa pas-
JIMYHBIA XapaKTep 5HKCIPECCUU MOJIEKYJISAPHBIX
manepoHos Hsp27 u Hsp9o. Ilpu nnposefeHun cse-
TOONTUYECKOI'0 HCCJIeJOBAHUA UMMYHOTHCTOXUMU-
YeCKHX IIpenapaToB IIUTOIIa3MaThuyecKas dKCcIpec-
cus 6enka Hsp27 Habmoganace B 95 % (87,5—-100)

nification of a microscope (x400), and the results of
analysis of histological specimen scans obtained using
an Aperio AT2 (Leica) scanner and QuPath vo0.5.0 soft-
ware. The pattern of intracellular expression (nuclear
and cytoplasmic) was taken into account. QuPath is a
new open source software for bioimage analysis. Apart
from the extensive annotation and visualization tools,
the QuPath has a set of built-in algorithms for solving
common and complex problems of pathology image
analysis, including cell and tissue detection, as well as
the possibility of interactive machine learning for object
classification [13].

The study results were processed using Microsoft
Excel 2019 (Microsoft, USA) and STATISTICA 13.5
(TIBCO Software Inc., USA). The samples were
checked for the conformity to the normal distribution
law using the Shapiro-Wilk test. The relationship
between two samples that did not follow normal dis-
tribution was assessed using the Spearman’s correla-
tion. Statistical significance of the differences in inde-
pendent samples was assessed using the nonparamet-
ric Mann-Whitney test and the Wilcoxon test for
dependent samples. The differences were considered
statistically significant when the achieved significance
level was p < 0,05. The results are presented as median
and interquartile range Me (Q; Q).

RESULTS

Different patterns of expression of the molecular
chaperones Hsp27 and Hspgo are observed in OC
tumor cells. During light optical microscopy of the
immunohistochemically stained specimens, the pro-
tein Hsp27 cytoplasmic expression was observed in
95% (87,5—100) ovarian carcinoma cells, which sta-
tistically significantly exceeded the Hspgo expres-
sion (p = 0,0006, Wilcoxon test) (Fig. 1). Fig. 2 shows
immunohistochemical images of Hsp27 and Hspgo
chaperones in the ovarian serous carcinoma tissue.

The correlation analysis revealed that the count
of Hsp27-positive tumor cells has a strong direct cor-
relation with the count of Hspgo-positive OC tumor
cells (Spearman’s R = +0.79, p = 0,00023).

During the study of intracellular presentation of
the molecular chaperones using QuPath vo.5, it was
found that the expression of Hsp27 in tumor cells is
4,47 times higher than in the stroma (p < 0,0001),
and the expression of Hspgo in tumor cells is
30,67 times higher than in the stroma (p < 0,0001).

Similarly, it was noted that, when quantifying by
cytoplasm, the count of Hsp27 in tumor cells is 10,48
times higher than in the stroma (p < 0,0001), and
the count of Hspgo in the tumor is 40,42 times
higher than in the stroma (p < 0,0001). When quan-
tified by nucleus, the expression of Hsp27 in tumor

10
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Puc. 1. KomuuectBo Hsp27- 1 HSp9O-II0I0’KUTETBHBIX OIyX0JIEBBIX KJIETOK B TKAHU CEPO3HOU KaPIIMHOMBI IMYHUKOB
(p = 0,0006, kpuTtepuit Bunikokcona)
Fig. 1. The count of Hsp27- and Hspgo-positive tumor cells in the ovarian serous carcinoma tissue
(p = 0,0006, Wilcoxon test)

KJIETOK KapIIMHOMBI SUYHUKOB, YTO CTATUCTUUYECKU
3HAUMMO  IIPEBBINIAJIO  3KcImpeccuro  Hspgo
(p = 0,0006, kpuTepuii Buikokcona) (puc. 1). Ha
pHcC. 2 pe/icTaBIeHbl CHUMKUA UMYHOTHCTOXUMUYe-
CKOTO OKpammBaHusA manepoHoB Hsp27 u Hspgo B
TKaHU CEPO3HOU KapPIIMHOMBI STIHUKOB.
[IpoBe/iIeHHBINT KOPPEJAIMOHHBIA aHAJIN3 BbIA-
BUWJI, YTO KOJINYECTBO HSP27-MOI0KUTENBHBIX OILy-

cells was 7,41 times higher than in the stroma
(p < 0,0001), and the expression of Hspgo in the
tumor was 86,67 times higher than in the stroma
(p < 0,0001) (Table 1).

It was found that the count of Hsp27 in the
stroma, when calculated by cell, was 56,8 times
higher than Hspgo calculated in the same way
(p < 0,05). In calculation by cell, the expression of

Puc. 2. IMyHOTHCTOXUMUYECKOE OKpalInBanue manepoHos Hsp27 (A) u Hspgo (B)
B TKaHU CEPO3HOU BHICOKO3JI0KAUECTBEHHOM KAPIIMHOMBI SMYHUKA. YBEJIHYEHHE X400
Fig. 2. Immunohistochemical staining of Hsp27 (A) and Hspgo (B) chaperones in the tissue of high-grade serous ovarian
carcinoma. Magnification X400
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Ta6/mua 1. BHyTpuksieTodHas jokanusanus Hsp27 u Hsp90 B onyxoJieBbIX KJIETKaX U B CTPOMe NPY CEPO3HON KapLiUHOME

anyHukoB (Me, Q1; Q3)

Table 1. Intracellular localization of Hsp27 and Hsp90 in tumor and stromal cells in ovarian serous carcinoma (Me, Q1; Q3), %

Hsp27 (n=23)

Hsp90 (n = 23)

Tun TkKaHu
Type of
tissue

KJIeTKa
cell

UTOIIa3Ma
cytoplasm

AAPO
nucleus

KJIeTKa
cell

nUuTOoImia3mMa

A4po p
cytoplasm

nucleus

1 2 3

4 5 6

Ctpoma
Stroma

18,8 7,9 8,2
(0,5;458)  (0,6;23,2) (0,3; 24,9)

03 0,24 0,06
(0,1;2,01)  (0,01;0,9) (0,004; 0,1)

p,,<0,0001
p,,=0,0009
p,,= 00046
p,,> 0,999

p, .= 0,0090
p, .<0,0001
p, .= 0,0020
p,.<0,0001
P .= 04171

84,1
(47,1; 93,4)*

OmyxoJib
Tumor

82,8
(48,4; 89,0)*

60,8
(38; 83,8)*

9,2 9,7 52
(4,8;29,8)*  (3,5;25,5)* (3,7; 22,2)*

p,,=0,0042
p,,<0,0001
p,.,=0,0004
p,.<0,0001
p, < 0,0001
p,.=0,0010
p,.=0,0042
p,.<0,0001
P, .<0,0001

*p<0,0001 - ypoBeHb 3HAYUMOCTH pa3IMYUN MeX/AY CTPOMOM U OIYXOJIbIO.
*p <0,0001 is the level of significance of differences between the stroma and tumor.

XOJIEBBIX KJIETOK MUMEEeT CHJIBHYIO IIPSIMYIO0 KOPPEeJIs-
IUIO ¢ KoJm4ecTBOM HSpQO-ITO3UTUBHBIX OITyXOJe-
BbIX KiIeTok PA (R CiupMeHa = +0,79, p = 0,00023).

B xone m3ydeHUs BHYTPUKJIETOYHOU IIpe3eHTa-
MU MOJIEKYJIAPHBIX IIAIIEPOHOB € IIOMOIIBIO IIPO-
rpammbl QuPath vo.5.0 6pU10 yeTaHOBIEHO, UTO DKC-
npeccusi Hsp27 B omyxoJieBBIX KJIETKAaX B 4,47 pasa
BBIIIIE, UeM B CTpoMe (p < 0,0001), a DKCIPECCH
Hsp9o B omyxoJieBBIX KJIETKaX B 30,67 pasa BHIIIIE,
geM B cTpoMme (p < 0,0001).

AHAJIOTUYHO OTMEUYeHO, YTO IIPH IO/cCYeTe IO
OUTOIUIa3Me cofep:kanue Hsp27 B OIMyXOJeBBbIX
KJIeTKax B 10,48 pasa BbIllle, YeM B CTPOME
(p < 0,0001), a comepsxkanue Hspoo B omyxosiu B
40,42 pasa BeIIIe, YeM B cTpoMe (p < 0,0001). ITpu
[IO/ICUETE TI0 AAPY dKcrpeccrs Hsp27 B OMyxoseBbIx
KJIeETKax ObLIa B 7,41 pasa BBINIE, YEM B CTPOME
(p < 0,0001), a skcmpeccust Hspgo B omyxosu B
86,67 pasa IpeBbllllajia 3TOT I10Ka3aTeslb B CTPOMe
(p < 0,0001) (Tab. 1).

YcraHoBIEHO, 4TO cofiep:kaHue Hsp27 B cTpome
IIpU IoZicueTe II0 KJeTKe B 50,8 pasa IpeBbIIIaio
cozep:kaHre Hsp9o, mocumTaHHOE aHAJIOTMYHBIM
obpasom (p < 0,05). B omyxosnu mpu JaHHOM TTO/-
cuere sKcrpeccusi Hsp27 okasamace B 9,2 pasa
BbIIIIe, YeM dKcrupeccus Hspgo (p < 0,05). Kpome
TOTO, CTATUCTUYECKU 3HAYMMO YBEJIMUUBAIACH DKC-

Hsp27 in the tumor was 9,2 times higher than the
expression of Hspgo (p < 0,05). In addition, the
expression of Hsp27 significantly increased relative
to the expression of Hspgo and when calculated by
cytoplasm: 32,96 times in the stroma and 8,5 times
in the tumor (p < 0,05). A statistically significant dif-
ference was also found between the Hsps expression
when calculated by nucleus: the expression of Hsp27
exceeded that of Hspgo by 136,7 times in the stroma
and 11,8 times in the tumor (p < 0,05) (Table 1).

Thus, in OC, both in the stroma and tumor tissue,
a higher expression of Hsp27 relative to Hspgo was
observed. A similar relationship was noted when
positively stained cells were counted in the whole
cell, that is, in the cytoplasm and in the nucleus. It
was found that in OC cells, the cytoplasmic expres-
sion of Hsp27 and Hspgo exceeds that of nuclear.
However, such dependence is not observed in the
stroma (Table 1).

When comparing immunohistochemical staining
of Hsp27 and Hspgo in OC and BOTs, it was found
that the counts of Hsp27- and Hspgo-positive tumor
cells in BOTs were significantly less than in OC
(p < 0,0001 and p = 0,0018, respectively). In OC, the
counts of Hsp27- and Hsp9o-positive tumor cells
were higher in by 7,1 and 4,3 times, respectively,
than in BOTs (Fig. 4). The results of immunohisto-

12
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Puc. 3. KosinuectBo HSpP-MIO3UTUBHBIX OIyXO0JIEBBIX KJIETOK IIPHU MOTPAHUYHBIX OIMyX0JIAX SUIHUKOB (I10)
u pake sununukos (PA) (*p < 0,005)
Fig. 3. The count of Hsp-positive tumor cells in borderline ovarian tumors (BOTs) and ovarian cancer (OC) (*p < 0,005)

npeccusa Hsp27 orHOcuTenbpHO skcnipeccuu Hspgo u
IIpu IoJcyeTe IO LUTOILIa3Me: B 32,06 pasa B
cTpoMme u B 8,5 pasa B omyxosu (p < 0,05). Takxe
OBUIO OOHAPYKEHO CTATHUCTUYECKH 3HAUMMOE pas-
JIgRe MeXIy sKcupeccuedd Hsp mpu mozcuere 1o
AIpy: sKcnpeccusa Hsp27 npespliiana 3KCIPECCUIO
Hsp9o B 136,7 pa3a B cTpome # B 11,8 pasa B OIyX0Ju
(p < 0,05) ( cM. Tab. 1).

Taxkum obpaszom, mpu P kak B cTpome, Tak U
OIIyXO0JIEBOU TKAHU OTMeYeHa 0oJiee BBICOKAS DKC-
npeccuss Hsp27 orHocuTensHo Hspg9o. IlomoGHas
3aBHCUMOCTH HA0JII0/1ayIach IIPU MO/ICYETe TOJIOKHU-
TeJIbHBIX KJIETOK 10 BCeH KJIeTKe, IO IUTOIIa3Me U
110 AApY. YCTAHOBJIEHO, UYTO IIPU paKe ANYHUKOB B
OILyXOJIEBBIX KJIETKax LUTOIUIa3MaThudecKasd 3KC-
npeccusa Hsp27 u Hsp9Qo mpeBbILIaeT ALEPHYIO 9KC-
npeccuto. OJTHAKO TAKOW 3aBUCUMOCTH He HaOJII0/1a-
etcs B ctpoMe (cM. TabII. 1).

IIpu cpaBHEHNY UMYHOTHCTOXUMHYECKOTO OKpa-
muBanus Hsp27 u Hspgo B tkanu PA u I10 65110
BBIABJIeHO, uTO npu IIOfA kommuectBo Hsp27- u
Hsp9O-110/10KUTENBHBIX OIyXOJIEBBIX KJIETOK 3HA-
YIMO MeHbIIIEe, 4yeM rpu PA (p < 0,0001u p = 0,0018
cooTtBeTcTBeHHO). IIpu PS konmuectBo Hsp27- u
Hsp9O0-110710KUTENBHBIX OIYX0JIEBBIX KJIETOK B 7,1 U
4,3 pasa Bblllle, YeM IIPU IOTPAHUYHBIX OILyXOJIAX
COOTBETCTBEHHO (puc. 3). Pe3ysbraThl UMMYyHOTH-
CTOXHUMHUYECKOTO OKpAIIMBAaHUA C AHTUTEJaMH K
Hsp27 u Hsp9o npe/zicraBieHbl HAa PUC. 4.

B HameMm wcciieioBaHUM OBLIO TOKA3aHO, YTO
npu I10A kommuectBo Hsp27- u Hsp9o-mosmoxxu-

chemical staining with antibodies to Hsp27 and
Hsp9o are given in Fig. 4.

In our study, it was shown that the count of
Hsp27- and Hsp9o-positive tumor cells in BOTS is
significantly less than in OC (p < 0,05).

DISCUSSION

The presented results show that the expression of
Hsp27 and Hsp9o in the stroma is significantly lower
than in tumor cells. The results obtained can be
explained by the fact that the stroma, unlike the
tumor parenchyma, is less susceptible to stress
effects, especially such as hypoxia, metabolic defi-
ciency and nutrient deficiency. This is due to the
presence of an abundant vascular network in its
structure, as well as active vascularization processes
because of the secretion of VEGF-A by tumor cells. In
this regard, the expression of Hsps, since they are
stress-induced, is significantly lower in the stroma
than in the tumor parenchyma.

It is known that cancer cells are constantly under
stressful conditions such as acidosis, hypoxia, meta-
bolic deficiency, and nutrient deficiency [14]. In this
regard, cancer cells rearrange their energy metabo-
lism towards the dominance of glycolysis with more
active uptake and consumption of glucose, which, in
turn, leads to a decrease in production of adenosine
triphosphate (ATP). This enhancement of aerobic
glycolysis in tumor cells is known as the Warburg
effect [14]. Being ATP-dependent, Hspgo cannot
operate under decreased ATP concentration, thereby,
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Puc. 4. Ilorpannysas cepo3Has omyxoJsb AMYHUKOB craauu I111B no FIGO,
MMMYHOTUCTOXMMHUYECKOE OKpalllnBaHue ¢ anTuTesiamu K Hsp27 (A) u Hspgo (B). YBesinuenue X200
Puc. 4. The FIGO stage IIIB borderline serous ovarian tumor, immunohistochemical staining
with antibodies to Hsp27 (A) and Hspgo (B). Magnification x200

TEJbHBIX OIYXOJIEBBIX KJIETOK 3HAYUMO MEHBIIIE,
uvem mpu PA (p < 0,05).

OBCYXKJIEHHNE

W3 npezicraBieHHBIX pe3yJIbTATOB BUJIHO, UTO
skcmpeccus Hsp27 u Hspgo B ctpome 3HAUUTETHHO
HHU’KE, YeM B OITyXOJIEBBIX KJIeTKax. [loJrydeHHBbIE
pe3yabTaThl MOXKHO OOBSCHUTH TEM, YTO CTpOMa B
OTJIMYME OT IAPEHXHUMbI OIYXOJHU MeHee ITOBEP-
JKEHa CTPECCOBBIM BO3/IEUCTBUAM, OCOOEHHO TAKUM,
KaK THIOKCHsA, MeTabosndyeckuii neunut u aedu-
[IUT TUTATEJHHBIX BEIIECTB. JTO CBSI3aHO C HaIH-
YreM B ee cOocTaBe OOMJIBHOU COCYAWICTOH CeTH, a
TaK)Ke aKTUBHBIMU IIPOIIECCAMH BaCKYJIAPHU3AIIAH 32
CUeT CeKpeluu OmyXoJieBbIMH kKjeTkamu VEGF-A.
B cBs131 ¢ 3THM dKcIpeccusi OeJTKOB TEIJIOBOTO 0K,
IIOCKOJIBKY OHU CTpEeCC-HHAYIHPYeEMbIE, B CTPOME
3aMETHO HUKE, UYeM B IIAPEHXUME OIIyXOJIH.

N3BecTHO, YTO paKOBbIE KJIETKH IIOCTOSHHO
HaXOJISITCA B CTPECCOBBIX YCJIOBHSAX, TAKUX KaK aIu-
Jl03, TUIIOKCHSI, MeTabonueckuii epunut u aedu-
IIAT MUTATEJIbHBIX BelecTB [14]. B cBaA3u ¢ aTtuM
PaKOBbIE KJIETKU IEPECTPANBAIOT CBOU HHEpPreTHYe-
CKHUI MeTaboJIM3M B CTOPOHY IOMUHHUPOBAHUS TJIH-
KoJyu3a ¢ 60jiee aKTUBHBIM IIOTJIOIIEHHEM U ITOTpe-
GJIeHUEM TJIFOKO3bI, UTO, B CBOIO OUEPEb, IIPUBOJUT
K CHHJKEHHI0 BbIpabOTKH aseHO3uHTpudocdara
(AT®). Takoe ycuieHune aspoOHOTO TJIMKOJIN3A B
OITyXO0JIEBBIX KJIETKAX U3BECTHO Kak «dddekT Bap-
oypra» [14]. Bynyun AT®-zaBucumbiM, Hspgoo He
MOKeT (DYHKIITMOHHUPOBATh B YCJIOBUSAX IOHMKEH-
Horo cosiepkanusi ATO, Giarogaps uemy omyxoJie-
Bble KJIETKH OTAAIOT IPEAIOUTeHHEe BbIPaObOTKe
AT®-ue3aBucumoro Hsp27 [7, 14], 94TO BUAHO U3
IIp€eJICTaBJIEHHBIX PE3YJIHTATOB.

tumor cells tend to release ATP-independent Hsp27
[7, 14], as can be seen from the results presented.

In addition, it was shown that Hsp27 itself in
tumor cells through the Hsp27/Akt/HK2 pathway is
responsible for specific reprogramming of energy
metabolism in favor of higher glycolysis and oxida-
tive phosphorylation [15].

The presented results (Table 1) demonstrate that
the cytoplasmic expression of Hsp27 and Hsp9o sig-
nificantly exceeds the nuclear expression of these
markers, which can be explained by the fact that
these proteins are cytoplasmic, but they are capable
of translocation into the nucleus. Hsp27 can move
into the nucleus by passive transport through nuclear
pores, provided, however, it is in monomeric or
dimeric form [16]. In addition, it was shown that
phosphorylation of Hsp27 leads not only to produc-
tion of small oligomers but also to its translocation
into the nucleus, which indicates the presence of
inducible Hsp27 transport [17]. In turn, the translo-
cation of Hsp9go into the nucleus is regulated by ste-
roid hormone receptors. Hspgo facilitates the bind-
ing of the receptor to hormones, forming a complex
in which it is transported to the nucleus [18].

Since cancer cells are exposed to various proteo-
toxic stresses, they have overexpression of Hsps pro-
moting the maintenance the structure and activity of
oncogenic proteins, cancer cell survival, immune
system evasion, apoptosis inhibition, and drug resis-
tance development [7, 17]. Overexpression of Hsp9o
is a potential biomarker of unfavorable prognosis in
lung, breast, esophageal and bladder cancers, mela-
noma, thymoma, and leukemia [7]. Overexpression
or phosphorylation of Hsp27 has been observed in
many cancers, including breast, ovarian, endome-

14
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Kpowme Toro, mokazano, uto cam Hsp27 B omyxo-
JIEBBIX KJIeTKax uepe3 myTh Hsp27/Akt/HK2 ote-
yaer 3a crenuduyIecKkoe MepernporpaMMUpPOBaHTe
SHEPreTHUeCKOro MeTabosm3Ma B IOJIB3Yy 0Oosiee
BBICOKOT'O IJIMKOJIN3A U OKUCIUTEIBbHOTO pocdhopu-
JMpoBaHus [15].

N3 mpesicTaBeHHBIX Pe3yJsIbTaToB (CM. TabiI. 1)
BUJTHO, UTO ITUTOIUIA3MaTHIecKas sKcrpeccus Hsp2y
u Hsp9o 3HaUNTETHHO IPEBBIIIAET SAEPHYIO SKCIIPEC-
CHIO JAHHBIX MapKEPOB, UYTO MOKHO OOBSICHUTD TEM,
YTO JIAHHBIE OeJIKHU ABJIAIOTCS [IUTOIIa3MATHIECKUMU,
OJTHAKO OHU CITOCOOHBI K TPAHCIOKAIIUU B s171po. Hsp27
MOJKET TIepEMENIAThCs B sIPO IIyTEM IACCHBHOTO
TPAHCIIOPTA Yepe3 AAEPHBIE IIOPHI, OTHAKO IS 3TOTO
OH JIOJDKEH HaXOJIUThCS B CBOEM MOHOMEPHOU WJIN
muMepHoH (opme [16]. Kpome aToro, 6pU10 TOKA3aHO,
uro dhochopunupoBanre Hsp27 NpUBoIUT HE TOTBKO
K 00pa30BaHUI0 HEOOJIBIIINX OJINTOMEPOB, HO U K €r0
TPAHCJIOKAIMY B SI/IPO, YTO CBUIETETHCTBYET O HAJIH-
YW UHAYIHOEIbHOTO MexaHu3Ma TpaHcrnopra Hsp27
[17]. B cBoro ouepenp, TpaHcmokamus HSpoo B siapo
pery/IupyeTcsl pelenTopaMy CTEPOUHBIX TOPMOHOB.
Hspoo ob6sierdaer cBsA3BIBAHUE PELIENITOPA C TOPMO-
HaMu, oOpasys KOMILUIEKC, B COCTaBe KOTOPOTO OH
TpaHCIOPTHPYeTcs B spo [18].

Tak KaK pakoBbIe KJIETKU II0/IBEPraloTCs Pa3Ind-
HBIM IPOTEOTOKCUYECKUM CTPECCaM, B HUX ITPOUCXO-
JIUT TIOBBIIIEHHAsI DKCHpeccus OETKOB TEIJIOBOTO
IIIOKA, KOTOpast CiocoOCTBYET MOJIEPIKAHUIO CTPYK-
TYPbI U aKTUBHOCTH OHKOTEHHBIX O€JIKOB, BHIXKHBA-
HUIO DPAKOBBIX KJIETOK, YKJIOHEHUIO OT CHCTEMBI
UMMYHHOTO Ha/I30pa, ocyIabJIeHHIo aroITo3a u pas-
BUTHIO JIEKAPCTBEHHOH yCTOUUUBOCTH [7, 17]. IIOBBI-
IeHHas dKcnpeccus Hspgo saBiseTcss MOTeHITHATb-
HBIM OHOMAapKepoM HeOJIarompusATHOTOOrO IIPO-
THO3a IIPU paKe JIETKOTO, MOJIOUHOM JKeJIe3bl, TUIIe-
BO/Ia, MOYEBOTO ITy3bIPs, MEJIAHOME, TUMOME U JIeH-
kemuu [7]. CBepxakcnpeccuss Hsp27 wiu ero doc-
dopunupoBanue HabIIOATUCH TIPU MHOTUX BHAAX
paka, BKJIIOYas pak MOJIOYHOH JKeJie3bl, SMUHUKOB,
SHZIOMETPUS, JIETKUX, ITI€YeHNU U IPOCTAThI, U OBLIN
CBsA3aHBI C HeOJATONPHUATHBIM IIPOTHO30M JIJIst
MMAIEHTOB, a TAKXKe CIIOCOOCTBOBAIN IIPOTPECCUPO-
BAHUIO OITyXOJIX U 00pA30BaHUIO METACTA30B [7, 19].
B omyxosieBoil kietke Hsp27 moxker b0 Hamps-
MYIO B3aMMO/IENICTBOBATh C KaCIIa30¥-3 WU IUTOX-
pomom C, MHAKTUBUPYS UX, WU Yepe3 YpoBeHb PI13-
KHHAa3bl GJIOKMPOBATh TPAHCIOKANMIO Bax B MuUTO-
xoHApuu [20]. Hsp27 Takke MHAKTUBUPYET P53 U
BJIMSIET HA KAaCIa30-He3aBHCHUMBIE IIyTH aIoITO3a
yepes MpsMOe B3auMoJielicTBHE ¢ Daxx, IPUBOAS K
TIOBBIIIEHUIO BBIXKIBAEMOCTH KJIETOK [20].

B pesynbrare nccyiezioBaHus ObLIO BBISIBIIEHO, UTO
akcnpeccusa Hsp27 u Hsp9o npu P 3nHauurtensHO

trial, lung, liver, and prostate cancers, and has been
associated with unfavorable prognosis for patients,
as well as contributing to tumor progression and
metastasis [7, 19]. In a tumor cell, Hsp27 can either
interact with caspase-3 or cytochrome C, inactivat-
ing them, or block Bax translocation into mitochon-
dria through the level of PI3 kinase [20]. Hsp27 also
inactivates p53 and affects the caspase-independent
pathways of apoptosis through direct interaction
with Daxx, leading to increased cell survival [20].

Our study shows that the expression of Hsp27
and Hspgo in OC significantly exceeds that in BOTs.
This finding can be explained by the fact that BOTs
are low-grade tumors, occupying an intermediate
position between malignant and benign neoplasms.
In this regard, the expression of heat shock proteins
in them is higher than in benign stromal cells, but
lower than in the tumor parenchyma in OC.

CONCLUSION

The study results revealed clear differences in the
expression of the molecular chaperones Hsp27 and
Hspgo between tumor and stromal cells of ovarian
serous adenocarcinoma, as well as between malignant
and borderline neoplasms. It was found that both
Hsp27 and Hspgo demonstrate significantly higher
expression in the tumor parenchyma compared to the
stroma, reflecting the active involvement of these pro-
teins in the processes of tumor growth, metabolic
adaptation, and cellular protection from stress factors
characteristic of the tumor microenvironment.

The utmost attention should be paid to the fact
that the expression of Hsp27 significantly exceeds the
level of Hsp9o expression in all cellular compartments
of tumor tissue studied. This may be due to the fact
that Hsp27, unlike Hspgo, operates independently of
ATP and, therefore, is able to have a protective effect
under energy deficiency characteristic of tumor cells
(the Warburg effect). The higher expression of Hsp27
in tumor cells may reflect its involvement in apoptosis
inhibition, activation of proliferation, migration, and
epithelial-mesenchymal transition, as well as in
remodeling of metabolic pathways, which enhances
the malignant potential of serous OC.

It is important to emphasize that the differences
in the expression levels of Hsp27 and Hsp9o chaper-
ones between serous carcinoma and BOTs confirm
their possible role as diagnostic and prognostic
markers. More than fourfold increase in the count of
Hsp-positive cells in serous carcinoma compared
with borderline neoplasms indicates that Hsp27 and
Hspgo can be used as differential immunohisto-
chemical markers for morphological verification of
the grade of tumor malignancy.
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mpeBsbImaer TakoBylo mpu I10f. JlanHoe Habrozme-
HHE MOKHO 00bACHUTH TeM, uto [10 mpencraBiisoT
€000 CTPYKTYPHI HU3KOH CTEIEHU 37I0KaUeCTBEHHO-
CTH, 3aHUMAIOIINE IIPOMEKYTOUYHOE IOJIOKEeHUe
MeXK/y 37I0KaUeCTBEHHBIMU U I00pOKavYeCTBEHHBIMU
HOBOOOpa30BaHUSAMU. B CBS3H C 3TUM DKCIIPECCHUs
0eJIKOB TEIJIOBOTO IIIOKA B HUX BBIIIE, UEM B CTPO-
MaJIBHBIX JTOOPOKAUeCTBEHHBIX KJIETKAX, HO HIDKE,
4eM B MapeHxuMe omyxosu mpu PA.

3AK/IOYEHUE

Pe3ysbTaThl IPOBEZEHHOTO HCCJIEOBAHUS BbIA-
BIWJIM YeTKUe Pa3jIndusd B SKCIPECCUU MOJIEKYJIAP-
HbBIX ImanepoHoB Hsp27 u Hspgo mexay omyxosie-
BBIMH U CTPOMAJIBHBIMU KJIETKAMU CEPO3HOU aJIeHO-
KapIIMHOMBI NYHHUKOB, a TaK)Ke MeXKJy 3J0Kaue-
CTBEHHBIMU U ITOTPAHUYHBIMU OnyXossimu. OOHapy-
JKeHo, 4To Kak Hsp27, tak u Hsp9O mokasmiBaroT
3HAYUTEJIBHO 0O0JIee BHICOKYIO SKCIIPECCUIO B ITAPEH-
XMMATO3HBIX 3JIEMEHTaX OILyXOJIU 110 CPABHEHUIO CO
CTPOMOH, YTO OTpakaeT aKTUBHYIO BOBJIEUEHHOCTH
JIAHHBIX OEJIKOB B IIPOIIECCHI OITyXOJIEBOTO POCTa,
MeTaboJIMYeCKON IaNTAllU U KJIETOUHOHN 3aIUThI
OT CTPECCOBBIX (PAKTOPOB, XaPAKTEPHBIX JJIsI MUKPO-
OKPY?KeHUs 3JI0KaUeCTBEHHOH! OITyXOJIH.

Oco60r0 BHUMAHUS 3aCITy?KIUBAET TOT (PAKT, UTO SKC-
mpeccust Hsp27 3HAUNTETBHO ITPEBBIIIAET YPOBEHD SKC-
mpeccur HSpQO BO Bcex aHAIM3UPYEMBIX KJIETOYHBIX
KOMITAPTMEHTAX OIyXOJIEBOH TKAHHU. ITO MOXKET OBITh
obyciioBieHo TeM, uro Hsp27y, B ommmume ot Hspgo,
¢yukmmonupyer HezaBucuMo oT AT® wu, ciemosa-
TEJILHO, CITIOCOOEH OKa3hIBATh ITPOTEKTHUBHOE JIEHCTBIE
B YCJIOBUSIX SHEPTETUIECKOT0 Je(PHUINTA, XapAKTEPHOTO
JUISI OIyXOJIeBBIX KJeTok (addext BapOypra). Bosee
BBICOKasA dKcrpeccusi Hsp27 B OIMyXoJieBBIX KJIETKaX
MOXKET OTPAKATh €TI0 YUACTHE B IIO/IaBJIEHNH aIloITo3a,
aKTUBAIMK Tposudepany, MUTPAIUU U 3IUTeIH-
JIbHO-ME3eHXNMAaJIbHOM IIEPEXO/IE, a TAKXKe B peMo/ie-
JINPOBAaHUM MeTabOJIMYECKHUX ITyTEH, UTO YCHUJIMBAET
3JI0KaueCcTBeHHBIH noTeHI1as cepo3Horo PA.

BaxxHO MO/TYEPKHYTD, YTO BBIABJIEHHBIE HAMU Pa3-
JIMIUS B YPOBHSX SKCIIPECCHH INanepoHoB Hsp27 u
Hsp9o mexmy ceposnoil kaprmHomoil u 10 mop-
TBEP’K/AIOT UX BO3MOKHYIO POJIb KaK INarHOCTHYECKUX
U IPOTHOCTHYECKUX MapKepoB. Bosee uem deThIpex-
KpaTHOe yBeJIMUeHHe KoJmdecTBa HSp-TIO3UTUBHBIX
KJIETOK IIPH CEpO3HOM KAapIMHOME B CpPaBHEHUH C
[IOrPaHIUYHBIMY 00PA30BAHUAMU YKA3bIBAET HA TO, UTO
Hsp27 u Hsp9O MOryT HCHOJB30BaThCSA B KadyecTBE
i depeHIHaTBHBIX TMMYHOTCTOXUMUYECKUX Map-
KepoB Mpy MOPGOJIOTHYECKON BEpU(DUKAIIUN CTENIEHH
3JI0KQUeCTBEHHOCTH OITyX0JIEBOTO IIpoliecca.

C mpakTHUYeCcKOU TOUKU 3peHus IIpe/ICTaBIeHHbIe
JJaHHBbIE CBUJIETEJIBCTBYIOT O TOM, uTo Hsp27 u

From a practical perspective, the presented data indi-
cate that Hsp27 and Hspgo can potentially be consid-
ered as therapeutic targets in the treatment of serous OC.
Modern targeted therapy strategies aimed at modulating
chaperone activity, especially in the context of drug resis-
tance and cancer cells’ evasion from the immune surveil-
lance, open up new horizons for an individualized
approach in the treatment of these patients.

Thus, the revealed features of Hsp27 and Hspgo
expression not only expand the understanding of the
molecular mechanisms of carcinogenesis and pro-
gression of serous OC, but also indicate the prospects
of using these proteins as biomarkers and targets for
innovative approaches to the diagnosis and treat-
ment of ovarian tumors.
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Hsp9o noreHIiuasbHO MOTYT pacCMaTpUBaThCA KakK
TepaneBTUYECKHE MUIIIEHU TIPU JIEYUEHUN CEPO3HOTO
PA. CoBpemeHHBIE CTpaTeruu TapreTHOU Tepaluw,
HallpaBjeHHble Ha MOZYJIAIIUI0 aKTUBHOCTHU IIalle-
pOHOB, 0COGEHHO B KOHTEKCTE JIEKapCTBEHHOM
YCTOWYUBOCTU U YKJIOHEHUS OIIyXOJIEBBIX KJIETOK OT
HMMYHHOI'O Ha/i30pa, OTKPBIBAIOT HOBbIe TOpPH-
30HTHI I WHAUBUIYAJIU3UPOBAHHOIO IOJIXO7a B
Tepanuu JAaHHOU KaTeropuy NalnueHToK.

TakuMm 0Opa3oM, BBISBJIEHHbIE OCOOEHHOCTH DKC-
npeccunn Hsp27 m Hsp9o He TOJIBKO pPaCIIUPSIOT
IpejicTaBjeHNe O MOJIEKYJIIPHBIX MeXaHU3Max KaH-
LieporeHes3a U IpOrpeccupoBaHusa cepo3Horo PA, HO
U CBH/IETEJIBCTBYIOT O IEPCIIEKTUBHOCTH MCIIOJIb30Ba-
HHUS 9TUX OEJIKOB B KauecTBe OMOMapKepOB U MUIIIE-
Hel 711 THHOBAI[OHHBIX IT0/IX0/I0B K IUATHOCTUKE U
JIEYEHHUIO 3JI0KAYECTBEHHBIX OITyX0JIeH SUIYHUKOB.

BbaarogapHOCTH. ABTOPBI BBIpaXKAIOT OJsaro-
JapHocTh I[eHTpy KOJIIEKTUBHOTO II0JIb30BAHUS
«Mepunuackasa re"HoMuka» OI'BHY «Tomckuit
HAIlMOHAJIbHBIN MCCIEN0BATEILCKUNA MEeIUIINHCKUNA
meHTp Poccuiickoll akaZeMuH HayK» 3a BO3MOXK-
HOCTB HCIIOJIb30BAaHUS HAYTHOTO 000PYI0OBAHUS.

KoH@IUKT HHTEPECOB. ABTOPHI 3asIBJISIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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