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Xiilasa. HSP70 va HSP90 tipli istilik soku ziilallarinin endometrium karsinomalarinin (endome-
triumun endometrioid karsinomasi, endometriumun seroz karsinomasi, endometriumun saffafhiicey-
rali karsinomast) inkisafinda rolunu va onlarin estrogen va progesteron reseptorlart ila alaqasini,
hamginin proliferasiya va apoptoz aktivliyinds rolunu oyronmak magqsadila tadqiqat aparimigdir.
HSP70, HSP90, estrogenlar (ES), progesteron (PR), Ki-67 va p53 ziilallarinin immunhistokimyavi
analizi magsadila endometrium karsinomasi sisinin 40 niimunasi (endometrioid karsinoma — 20,
seroz va saffafhiiceyrali karsinoma — har birindon — 10) tadqiq edilmisdir.Miigayisa tigiin 10 nafar
usaqliqg leyomiomasi olan qadinin normal toxumasindan istifads edilmisdir.

HSP70 va HSPY0 ziilallarinin ekspressiyasina ham normal, ham da sis toxumalarimin har birinda
rast galinmisdir. Neoplastik transformasiya, sisin diferensiasiyasi va xarg¢ang hiiceyralorinin ana-
plaziyasimin siiratlonmasi HSP70 va HSP90 ziilallari ekspressiyasimin intensivliyinin artimi ila
miisayiat edilmis, bu zaman reseptor-miisbat hiiceyralorin sayi artmig, niiva patterninin sitoplazma-
tik alamatlara nisbaton tistiinliiyii miisahids edilmisdir (p<0,05). HSP70 va HSP90 ziilallarinin eyni
vaxtda va eyni istiqgamoatda aktivlogsmasi sis hiiceyralorinda ES va PR ekspressiyasindan asili ol-
mamisdir.

Belalikla, alinmis naticalor HSP70 vaHSP90 ziilallarinin endometrium karsinomasinin inkisafin-
da rolunu stibut edir. Onlarin sis hiiceyralorindaki ekspressiyasinin artmasi proliferativ aktivliyin
giicloanmasi, p53-iin ekspressiyasit va hiiceyra anaplaziyasi ila korrelyasiya edir. HSP70 va SP90-in
ekspressiyasimin variabelliyi onlardan diagnostik magsadla istifada edila bilacayini va miialica sxe-
minin fordilasdirilmasinda ahamiyyatini siibut edir.
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Summary. This study was aimed to determine the role of heat-shock protein Hsp70 and Hsp90 in
the progression of endometrial carcinomas (endometrioid, serous, and, clear-cell endometrial car-
cinoma) and their link with estrogen and progesterone receptors, proliferation and apoptosis activi-
ties.

We used 40 samples of endometrial carcinoma (20 cases of endometrioid carcinomas, 10 — se-
rous carcinomas, and clear-cell carcinomas) for the immunohistochemical study of HSP70, HSP90),
ER, PR, Ki-67, and P53. Normal endometrial tissues (n = 10) were taken from women suffering
from uterine leiomyoma.
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Hsp70 and Hsp90 expressions were present in all cases of both normal and tumoral endometrial
tissues. Neoplastic transformation, tumor differentiation, and increased anaplasia of cancer cells
were accompanied by the growth of the Hsp70 and Hsp90 expression intensity, the number of re-
ceptor-positive cells, and the predominance of the nuclear pattern over the cytoplasmic one
(p<0.05). Their increased expression in tumoral cells correlates with proliferative activity intensifi-
cation and p53 expression (p <0.05). The Hsp70 and Hsp90 simultaneous and unidirectional acti-
vation in tumor tissue does not depend on the ER and PR expression.

Thus, the results demonstrate the Hsp70 and Hsp90 involvement in the endometrial carcinoma
progression. Their increased expression in tumoral cells correlates with proliferative activity inten-
sification, p53 expression, and cell anaplasia. The variability of Hsp70 and Hsp90 expression in
endometrial carcinomas accents the importance of adding them to diagnostic panels with subse-

quent treatment personification.

Prognosis of endometrial carcinoma de-
pends on numerous factors, including tumor
cells' molecular genetic profile [1]. Nowa-
days, the therapeutic and prognostic signifi-
cance of estrogen receptors (ER), progester-
one receptors (PR), Ki-67, and p53 expression
in the course of malignant tumors of female
reproductive organs has been proven [1,2].

Heat-shock proteins (Hsp) or chaperones
are potential indicators of initiation and pro-
gression of carcinoma. In the human body,
they play an essential role in folding and
transporting intracellular proteins and coun-
teracting stress factors' negative effects (re-
folding proteins) [3,4]. In neoplastic cells,
they have been involved in inducing the pro-
liferation and inhibition of apoptosis (synthe-
sis of mutant p53), blocking the immune re-
sponse, and angiogenesis [5-8]. Moreover,
they can interact closely with each other and
promoting the invasion of tumor cells [9].

In the normal endometrium, chaperones
are expressed throughout the menstrual cycle
[5,10]. There is both suppression of Hsp90
expression and an increase of Hsp70 expres-
sion in the secretion phase. They are involved
in maintaining the stability of epithelial cells,
embryonic development, ovogenesis, and oth-
ers [11]. Hsp70 and Hsp90 co-function with
ER, participating in their transcription and
activity [12]. Significant variations of Hsp70
and Hsp90 expression were found in carci-
nomas of the female reproductive organs and
breast [6]. Pronounced Hsp90 expression is
accompanied by overexpression of ER [13].
On the other hand, some studies demonstrate
the absence of any relationship between them
in carcinoma tissue [10]. Hsp90 expression,
observed in 30% of cases, was an indicator of
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a better prognosis in endometrial carcinomas
[6,14]. Moreover, the opposite results were
found in the mammary gland [15]. Hsp70
expression (observed in 50% of endometrial
carcinoma cases) is associated with a worse
prognosis [6,14].

Material and research methods.

Patients and samples

Endometrial tissue samples were obtained
from patients who underwent hysterectomy or
curettage throughout 2018-2020 at the Gynecolo-
gy Department of the Sumy Regional Oncology
Center (Sumy, Ukraine). We used 40 samples of
endometrial carcinoma (20 cases of endometrioid
carcinomas (EC), 10 — serous carcinomas (SC),
and clear-cell carcinomas (CCC)). All of them
were classified and graded according to the World
Health Organization recommendations [1]. Nor-
mal endometrial tissues (n = 10) were taken from
women suffering from uterine leiomyoma. Writ-
ten informed consents for tissue investigation
were obtained from patients. The Institute Bioeth-
ics Commission approved the experimental proto-
col (Ne 4/6 of 16/06/2018).

Immunohistochemistry

After histological examination of hematoxylin-
cosin stained samples, paraffin blocks were used
for the immunohistochemical assay. Serial sec-
tions of 5 um were performed and mounted on 3-
aminopropyltriethoxysilane-coated slides. After
exposition in the thermostat (57°C) overnight,
deparaffinization, rehydratation, and heat-
mediated antigen retrieval were performed utiliz-
ing a water bath with "Dewax and HIER Buffer
L" ("Thermo scientific") for 30 minutes at 97°C.
Endogenous peroxidase activity was blocked by
"UltraVision Hydrogen Peroxidase Block"
("Thermo scientific") for 10 minutes, followed by
washing with PBS (pH 7.3). Background staining
potentially caused by unspecific binding of anti-
body proteins was prevented by "UltraVision Pro-
tein Block" for 5 minutes. Incubation with the



following panel of antibodies for 30 minutes was
used: mouse anti-HSP70 mAb (W27, "Thermo
scientific"), rabbit anti-HSP90 pAb ("Thermo
scientific"), rabbit anti-ER mAb (SP1, "Thermo
scientific"), rabbit anti-PR mAb (YR85, "Thermo
scientific"), rabbit anti-Ki-67 mAb (SP6, "Thermo
scientific"), and mouse anti-P53 mAb (SP5,
"Thermo scientific"). After washing and subse-
quent amplification of signals by "Primary Anti-
body Amplifier Quanto" ("Thermo scientific"),
the "HRP Polymer Quanto" ("Thermo scientific")
were applied and incubated for 10 minutes each at
room temperature. Positive stained patterns were
visualized by "DAB Quanto" ("Thermo scien-
tific"), controlling the developing color intensity
via light microscopy. Subsequently, the DAB
reaction was stopped with distilled H,O as soon as
the desired color intensity was obtained. DAB-
negative structures were identified by additional
counterstaining  with Mayer's hematoxylin.
Stained sections were mounted.

Evaluation of staining

Three pathologists independently analyzed his-
tological and immunohistochemical staining eval-
uations. Slides with conflicting evaluations were
re-evaluated, and a consensus was reached. The
reaction was considered positive if the cells had
cytoplasmic and/or nuclear signals for Hsp70 and
Hsp90, exclusively nuclear — for ER, PR, Ki-67,
and p53. The percentage of receptor-positive cells
was scored as the number of receptor-positive
cells among the total number of tumor cells. The
intensity of stained cells was considered separate-
ly. Each indicator was assigned the appropriate
number of points — 0-5 for the proportion of col-
ored cells and0-3 — for the intensity of colored
cells. Data processing was carried out using the
GraphPad Prism® statistics software package,
version 6.0. The estimation of the potential differ-
ences between the comparable indicators was
carried out using Student's t-test. Detection and
evaluation of the indicators' links were carried out
by the nonparametric Spearman correlation coef-
ficient (r). A p-value of 0.05 (95% confidence)
was considered statistically significant.

Research results.

Expression of ER, PR, Ki-67, p53, Hsp70,
and Hsp90 in normal endometrium

To establish the peculiarities of the recep-
tors' expression in neoplastic transformation,
we first investigated the normal endometrium.
Regardless of the menstrual cycle phase, the
endometrium's luminal and glandular epithe-
lial cells expressed ER and PR. The endome-
trium of the proliferation phase had a pro-
nounced expression of ER (94.1 £ 6.5%) and
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PR (82.5+£8.4%) (Figure 1 — top panel). Their
expression reached its peak in the late phase
of proliferation. The secretion phase's endo-
metrium was characterized by a gradual de-
crease in ER and PR expression with their
maximum reduction in the middle phase of
secretion (Figure 2 — top panel).

More pronounced proliferative activity of
the glandular epithelium was observed in the
menstrual cycle's proliferation phase (Ki-67
expression was detected in about 20.5% of
cells). In the secretion phase, epithelial cells
had significantly lower mitotic activity — Ki-
67 exhibition was found in about 4.5% of
cells. We did not find any cells in the normal
endometrium throughout the menstrual cycle
expressing pS3 (Figure I and Figure 2 — mid-
dle panel).

Nuclear-cytoplasmic expression of Hsp70
and Hsp90 was detected in both phases of the
menstrual cycle (Figure I and Figure 2 — bot-
tom panel). There was a tendency for the sig-
nal intensity for Hsp 90 to decrease and
Hsp70 to increase in the middle and late se-
cretion phases. We did not find that chaper-
one expression depended on the menstrual
cycle phases, the level of proliferative activity
of cells, or the endometrium's sensitivity to
female sex hormones (p>0.05). A more in-
tense expression was observed in the cyto-
plasmic pattern of epithelial cells than in the
nucleus.

Expression of ER, PR, Ki-67, p53, Hsp70,
and Hsp90 in tumoral endometrium

Variable ER and PR expressions in neo-
plastic cells were detected in all cases of EC
tissues (on average 53.8 = 10.1%, 424 +
6.3%, respectively). It should be noted that
grade 1 EC had a more pronounced ER and
PR expression, with a gradual decrease along
carcinoma dedifferentiation (grade 1 — grade
2 — grade 3) (p<0.05) (Figure 3 — top panel).

The level of proliferative activity depended
on the degree of EC differentiation (on aver-
age 35.6 £ 5.4%) — more pronounced expres-
sion was detected in grade 2 and grade 3 tu-
mors than in grade 1 carcinomas (p < 0,05).
The p53 expression was found in single cells
of low-grade EC, increasing their number in
high-grade EC (grade 2-3) (Figure 3 - middle

panel).
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Figure 1. Normal endometrium of proliferation phase: a pronounced expression of ER and PR,
moderate expression of Ki-67, no expression of p53, moderate nuclear-cytoplasmic expression of
Hsp70 and Hsp90. Expression was evaluated exclusively in the epithelial component of the tissue.

Immunohistochemical study of ER, PR, Ki-67, p53, Hsp70, and Hsp90. Magnification x400.

Most EC cases had moderate and pro-
nounced nuclear-cytoplasmic expression of
Hsp70 and Hsp90 (Figure 3 — bottom panel).
Dedifferentiation of carcinoma was accompa-
nied by an increase in receptor expression
intensity and the number of receptor-positive
cells (p <0.05). Moreover, tumor cells' ana-
plasia progression was reflected in the recep-
tor expression patterns — intensity transloca-
tion from the cytoplasm to the nuclei.

However, SC and CCC had more variable
receptor expressions. Thus, the SC tissues in
the vast majority of cases were ER- and PR-
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negative (Figure 4 — top panel).. Instead, the
SC cells' proliferative activity (on average
48.7 £ 9.2%) was significantly higher than
their level in normal endometrium and the EC
tissues (p < 0.05). All SC cases were p53-
positive (on average 82.4 + 6.8% of carcino-
ma cells) (Figure 4 — middle panelln addition,
high chaperone activity was detected in all
cases of tumors.It was found that SC cells
have a more pronounced nuclear expression
of Hsp70 and Hsp90 than cytoplasmic (Fig-
ure 4 — bottom panel).
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Figure 2. Normal endometrium of secretion phase: an almost complete absence of ER and PR ex-
pression, weak expression of Ki-67, no expression of p53, moderate nuclear-cytoplasmic expression
of Hsp70 and Hsp90. Expression was evaluated exclusively in the epithelial component of the tis-
sue. Immunohistochemical study of ER, PR, Ki-67, p53, Hsp70, and Hsp90. Magnification x400.

All cases of CCC were ER- and PR-
negative (Figure 5 — top panel). Instead, they
had pronounced cells' proliferative activity
(average 52.6 = 5.8%) and p53 expression (on
average 62.6 = 4.4%) (Figure 5 — middle pan-
el). Similar to SC, CCC tumor cells had an
intensive expression of both chaperones
(Hsp70 and Hsp90) with a significant pre-
dominance of the receptor signal in the cell
nuclei (Figure 5 — bottom panel).
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In addition to the aforecited expression of
receptors in neoplastic cells, tissue samples'
evaluation revealed positively stained cells in
the stromal components of both normal and
neoplastic endometrial tissues. They were an
indicator (positive internal control) of the
immunohistochemical study quality, which
was especially important in cases with a nega-
tive receptor profile of tumor cells.
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Figure 3. Endometrioid carcinoma: a pronounced ER expression, moderate PR expression, moder-
ate Ki-67 expression, p53 expression in single tumor cells, moderate nuclear-cytoplasmic expres-
sion of Hsp70 and Hsp90. Expression was evaluated exclusively in the epithelial component of the
tissue. Immunohistochemical study of ER, PR, Ki-67, p53, Hsp70, and Hsp90. Magnification x400.

Comparative analysis of expression in
normal and tumor tissues

An immunohistochemical study did not re-
veal a significant difference in the ER and PR
expression in the normal endometrium and
neoplastic EC cells (p> 0.05). In contrast, SC
and CCC tumor cells had significantly lower
(mostly negative) steroid hormone receptor
expression compared to normal (p <0.05). All
types of endometrial carcinoma had more
pronounced cell proliferative activity and p53
expression (p <0.05). The highest rates were
observed in SC and CCC. The p53 expression

141

was found exclusively in tumor cells and was
specific for high-grade EC, SC, and CCC.
Hsp70 and Hsp90 expressions were present
in all cases of both normal and tumoral en-
dometrial tissues. Neoplastic transformation,
tumor differentiation, and increased anaplasia
of cancer cells (especially in SC and CCC)
are accompanied by the growth of the Hsp70
and Hsp90 expression intensity, the number
of receptor-positive cells, and the predomi-
nance of the nuclear pattern over the cyto-
plasmic one (p <0.05). There is no relation-
ship between the normal and tumoral cells'
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Figure 4. Serous carcinoma: negative expression of ER and PR, a pronounced expression of Ki-67
and p53, a pronounced nuclear-cytoplasmic expression of Hsp70 and Hsp90. Expression was evalu-
ated exclusively in the epithelial component of the tissue. Immunohistochemical study of ER, PR,
Ki-67, p53, Hsp70, and Hsp90. Magnification x400.

sensitivity to sex hormones and chaperone
activity (p> 0.05). Instead, there was an in-
crease of the Hsp70 and Hsp90 expression
together with the intensification of cells’ pro-
liferative activity and the appearance of the
number of p53-positive cells (p <0.05).
Discussion. Endometrial carcinomas are a
common pathology in women, the course of
which depends on several prognostic factors
[1, 2]. Like most other cancers of the repro-
ductive system, their progression and sensitiv-
ity to therapy are determined by morphologi-
cal and molecular genetic features of tumor
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tissue [16, 17]. Among them, sensitivity to
antihormonal treatment (ER and PR expres-
sion) and proliferative-apoptotic activity of
cells (Ki-67 and p53 expression) are the most
proven prognostic markers [16, 18, 19].

Our study is devoted to studying the ex-
pression of Hsp70 and Hsp90 in the tissue of
different endometrial carcinoma types (EC,
SC, and CCC) with the establishment of their
predictive value. Similar to the previously
obtained results [5,10], we found both chap-
erones' expression throughout the menstrual
cycle. Neoplastic transformation and anapla-
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Figure 5. Clear-cell carcinoma: negative expression of ER and PR, a pronounced expression of Ki-
67 and p53, a pronounced nuclear-cytoplasmic expression of Hsp70 and Hsp90. Expression was
evaluated exclusively in the epithelial component of the tissue. Immunohistochemical study of ER,
PR, Ki-67, p53, Hsp70, and Hsp90. Magnification x400.

sia of tumor cells were accompanied by the
intensification of Hsp70 and Hsp90 expres-
sion. Despite the proven synergy of chaper-
ones and receptors for female sex hormones
[12,13], we did not find a correlation between
their expression. The main evidence of their
influence on the endometrial cells’ function-
ing was the Hsp70 and Hsp90 monotonous
expression in different phases of the menstru-
al cycle, characterized by pronounced varia-
bility of the ER and PR expression. Intense
chaperone expression in highly aggressive
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endometrial carcinomas (high-grade EC, SC,
and CCC), which have low ER and PR ex-
pression, is thought to be more related to can-
cer cell anaplasia than to variability in female
sex hormone receptor expression.

Increased Hsp70 and Hsp90 expression in
endometrial carcinoma tissue was accompa-
nied by the intensification of cell proliferative
activity (number of Ki-67-positive cells) and
synthesis of mutant p53. It proves their partic-
ipation in modulating cell division and avoid-
ance of apoptosis [5,6]. Their pronounced



overexpression in the nuclei of tumor cells
may indicate that Hsp70 and Hsp90 are in-
volved in the violation of apoptosis and cell
division controls.

Our data has some inconsistencies with
previous study results, which revealed inhibi-
tion of chaperone activity during carcinoma
dedifferentiation [10], as well as the favorable
prognostic value of Hsp70 and Hsp90 expres-
sion [6,14]. On one hand, this may be due to
these proteins' unique properties depending on
the topography of the tumors. On the other
hand, the difference may depend on the group
formation of the testing material, the reagents
used, and the peculiarities of interpreting the
obtained research results. All this encourages
us to pursue further research of these protein
properties. Confirmation of the Hsp70 and
Hsp90 generation dependent [9] was the cor-
relation between their expressions in the en-
dometrial carcinoma tissues.

Based on this, Hsp70 and Hsp90 are in-
volved in the normal endometrium's function-
ing and in the progression of endometrial car-
cinoma. Their prooncogenic effect leads to
proliferative activity, increase of tumor cells,
avoidance of apoptosis, and carcinoma dedif-
ferentiation. This argues their determination
in endometrial carcinoma tissue. Finally, dif-
ferences in the interpretation of the results
suggest using computerized equipment and
intelligent programs for score standardization
of immunohistochemical results [20]. It is

hoped that this study will stimulate further
investigations in this field.

Conclusions

In our study we have found the Hsp70 and
Hsp90 involvement in the endometrial carci-
noma progression. Their increased expression
in tumoral cells correlates with proliferative
activity intensification, p53 expression, and
cell anaplasia. The Hsp70 and Hsp90 simulta-
neous and unidirectional activation in tumor
tissue does not depend on the ER and PR ex-
pression. The variability of Hsp70 and Hsp90
expression in endometrial carcinomas high-
lights the importance of adding them to diag-
nostic panels with subsequent treatment per-
sonification.
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Kpasuosa O.WU., JIeinaun H.C., Cuxkopa B.B., 'upsasenxko H.U., Ky3enko E.B.,
Mockanenko P.A., Cukopa K.A., JIeinauna F0.H., Pomanok A.H.

POJIb BEJIKOB HSP70 1 HSP90 B IIPOI'PECCUPOBAHUUA
SQHAOMETPHAJBHBIX KAPHUHOM

Kageopa namonoeuuecxoti anamomuu
Cymckoeo eocyoapcmeennozo ynugepcumema, Cymol, Ykpauna

Pe3ztome. 1lpoBeneHO HcCEOBAHUE C IIEJIBIO ONPEICIICHUs POJIM OEKOB TEIJIOBOTO LIOKa
(Hsp) 70 u Hsp90 B pa3BuTuUM KapLMHOMBI SHAOMETPUS (IHIOMETPUOHIHAS KapIIMHOMA SHIO0MET-
pusi, cepo3Has KaplUHOMA SHAOMETpPHUsI, CBETIOKIETOYHAsl KaplMHOMA SHAOMETPHS) U UX CBSA3H C
pelienTopamMu 3CTporeHa v NporecTepoHa, akTMBHOCTH MpoJindepaly U anonro3a.

boutn ucnonb3oBansl 40 00pa3loB KapuuHOMBI 3HIOMETpUs (20 ciaydaeB 3HIOMETPUOUIHBIX
KapuuHOM, 10 — cepo3HBIX U CBETJIOKJIETOYHBIX KapIIMHOM) JUIsi MIMMYHOTHCTOXUMHUYECKOIO HCCIe-
nosanust HSP70, HSP90, ER, PR, Ki-67 u p53. Hopmanbhbie Tkanu sugomerpus (n = 10) Obuin
B3ATHI Y )KEHIIIUH, CTPAJAOIINX JICHOMHUOMON MaTKH.

Oxkcnpeccus Hsp70 u Hsp90 Op1a mpeacTaBieHa BO BCEX CIy4asiX Kak HOpPMaJIbHOM, TaK U OIy-
X0JIeBOM TkaHU sHAOMeTpus. Heomnactuueckas tpancgopmanus, tuddepeHIupoBKa OMyX0oiau U
YCUJIEHUE aHaIUIa3uu PAKOBBIX KJIETOK COINPOBOXAAIOTCS POCTOM HHTEHCHUBHOCTH SKCIPECCHU
Hsp70 u Hsp90, konudecTBa penenTop-moiaoKUTEIbHBIX KJIETOK U MPeo0ialaHueM SJIEPHOTO TaT-
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TepHa Haj nuToruazMatudeckuM (p <0,05). VX moBbIlIeHHAs SKCIPECCUS B OMYXOJIEBBIX KIETKaX
KOPPEIUPYET C YCUICHHEM Npoiau(epaTUBHON akTUBHOCTH U 3kcnpeccueil p53 (p <0,05). Onno-
BpEMEHHas M oJHOoHanpasieHHas aktuBanus Hsp70 m Hsp90 B omyxoJieBOM TKaHM HE 3aBUCHUT OT
skcnpeccuu ER u PR.

Takum oOpazom, pe3ynbTaThl AeMOHCTpupYIOT yuactue Hsp70 m Hsp90 B mporpeccupoBanum
KApUHUHOMBI SHJIOMETpHs. VX MOBBIIEHHAs 3KCHPECCHS B OIYXOJEBBIX KJIETKAaX KOPPEIHUPYET C
ycuJieHueM npojudepaTuBHON aKTUBHOCTH, 3Kclpeccuei pS3 u aHaruasueil kietok. Bapuabens-
HocTh aKcnpeccur Hsp70 u Hsp90 B kapumHOMax 3HIOMETPUS MOJUYEPKUBAET BAXKHOCTH J100aBIe-
HUS UX B TUArHOCTUYECKHE MaHEH C MOCIeAYIoUIel nepCoOHnpUKAUEH JIeUeHUS.
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