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Abstract

Introduction. Proteins associated with cellular motility are known to play an important role in invasion and
metastasis of cancer, however there is no evidence of their association with the development of malignant
tumors including endometrial cancer (EC). The aim of the present study was to investigate the levels of
actin-binding proteins, p45-Ser-f-catenin, and calpain activity in endometrial hyperplasia and in EC. Material
and Methods. Total calpain activity, p45-Ser 3-catenin, Arp3, gelsolin, cofillin and thymosin 3-4 levels were
evaluated in 43 postmenopausal patients with stage |-l endometrioid EC and 40 endometrial hyperplasia
patients. Flow cytometry and Western blotting were used for expression determination of p45 Ser (3-catenin
and actin-biding proteins. Total calpain activity was estimated by fluorimetric method. Results. Levels of
cofilin-1, thymosin -4 and calpain activity were higher in cancer tissues than in endometrial hyperplasia.
Cofilin-1 and thymosin -4 levels were associated with the depth of myometrial invasion. The thymosin 3-4
expression was correlated with the presence of tumor cervical invasion. Revealed correlations between the
actin-binding proteins, p45-Ser-f-catenin and total calpain activity in endometrial hyperplasia tissue, but not
in the tissue of cancer, is evidence of the involvement of these proteases in regulation of cell migration in
endometrial hyperplasia. Levels of thymosin -4, cofilin and total calpain activity are independent cancer risk
factors in patients with endometrial hyperplasia. Conclusion. The level of actin-binding proteins as well as the
total calpain activity were enhanced in endometrium carcinoma tissues compared to endometrial hyperplasia.
The levels of thymosin3-4, cofilin and total calpain activity in endometrial hyperplasia tissues are associated
with a hyperplasia transition to cancer and may be considered as predictive biomarkers.

Key words: endometrial hyperplasia, endometrium carcinoma, invasion, actin- binding proteins,
p45-Ser-B-catenin, total calpain activity.
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AHHOTaUuA

BBeaeHue. 13BecTHO, 4TO Benku, CBA3aHHbIE C KIIETOYHOW MOABUXHOCTBIO, UrpatoT BaXKHYH POrb B MHBA3WM
N MeTacTa3npoBaHWUM 3rOKa4YECTBEHHbIX OMyXOrnew, TEM HE MeHee HET [aHHbIX 06 UX CBS3W C pa3BUTUEM
HOBOOOpa3oBaHuii, B TOM Yncne paka aHgometpus (PJ). Llenbto uccnegoBaHus 6bi10 U3yYeHVe YPOBHS
aKTMH-CBA3bIBalOLLMX 6enkoB, p45-Ser-B-kaTeHnHa 1 aKTUBHOCTM KarnbnavHOB Npu runepnnasnm aHAoMeTpus
n npu P3. Matepuan n metoabl. O6LLasa akTMBHOCTb KanbnavHoB, YpoBHU p45-Ser (-kaTeHunHa, Arp3,
renb3onuHa, kounnmHa n TMMo3auHa -4 Obinn oueHeHbl y 43 GonbHbIX pakom aHaomeTpus |-l ctagun B
nocTmeHonay3ae u 'y 40 nauneHToK C runepnnasven a3HAoMeTpust. NPOTOYHYHO LUTOMETPUIO Y BECTEPH-ONMOTTUHT
ncnonb3oBanu Ans onpenenexHus akcnpeccun p45 Ser B-kaTeHUHa 1 akTUH-CcBA3bIBatoWmnx 6enkos. ObLwas
aKTMBHOCTb KarbnanHOB OLeHMBanack ryoprMeTpuyeckum MetogoM. PesynbTaTbl. YpoBHU KounmHa-1,
TMMO3U1HA -4 U aKTMBHOCTb KarbNauHOB Obinu Bbille B TKAHSAX 3I0KAYECTBEHHbLIX OMyXOnen, Yem npu rv-
nepnnasuu 3HAOMEeTpUusi. YpoBHU KOUnnHa-1 n TumosunHa -4 Obinn cBsidaHbl C rMyOGVHOM MHBa3UKM paka
aHgomeTpust B MuomeTpuid. CopepxaHue TuMoanHa 3-4 KOppenupoBarno € HanM4yMem MHBa3vMKM OMyxXonu B
LWeWnKy MaTku. BbiSiBNeHHblE KOPPensauMmn Mexay akTUH-CBsi3bliBatoLL MK 6enkamu, p45-Ser-f-kaTeHUHOM 1
06LLen aKTUBHOCTbIO KanbnavHOB B TKaHWU ryunepnnasum SHAOMETPUS!, HO HE B TKaHW paka CBMAETENbCTBYOT
06 yyacTum aTMx npoTeas B perynsumm KneTo4HoN MurpaLmm npy runepnnasum sH4oOMeTpus. YpoBHU TUMO-
31Ha-4, KodununHa 1 obLast akTUBHOCTb KarlbnanHOB SIBMSIHOTCS HE3aBUCUMbIMU haKToOpaMu pyUcka pas3BuTums
paka y nauveHTOB C runepnnasven saHOoOMeTpusl. 3akniovyeHne. YpPoBEHb akTUH-CBA3bIBaOLMX Genkos, a
Takke o6Llast akTUBHOCTb KarbnavHOB ObINN NOBbILEHbI B TKAHAX KAPLMHOMbI 3HOOMETPUS MO CPaBHEHMIO
C rvnepnnasune 3HOOMEeTPUS. YPOBHM TUMO3NHA-4, kounnHa 1 obLast akTUBHOCTb KalnbManHOB B TKaHSAX
rMnepnnasum aHAOMETPUS MOryT OblTb HE3ABUCUMbIMU (DaKTOpaMy pUcka pasBUTUsS paka.

KnioueBble crioBa: runepnnasusi 3HAOMETpUs, KapLuMHOMa 3HOOMETPUs, UHBa3us, akTUH-CBA3bIBaloLLMe
6enku, p45-Ser-3-kaTeHWH, o6Lasi akTMBHOCTb KanibNanHoB.

Introduction

Endometrium carcinomas (EC) are the most
common gynecological malignancy worldwide, which
are connected with considerable mortality [1]. The
endometrioid adenocarcinoma is the most frequent
histological variant, accounting for about 80 % of the
disease cases. Risk factors for EC include age, obesity,
menstrual, reproductive and lifestyle factors [2].
Hormonal and metabolic mechanisms are particularly
strongly implicated in the pathogenesis of endometrioid
adenocarcinoma [2—4]. This subtype is often preceded
by precursor lesions, atypical endometrial hyperplasia
[5]. Complex hyperplasia and atypical hyperplasia, in
particular, are more likely progressed to cancer and
therefore are commonly treated with a progestin or
hysterectomy [6].

Among the factors that may influence the inception
and course of EC estrogens, components of signaling
pathways, proteases, growth and transcriptional factors
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have been most intensively studied [7-10]. However,
molecular mechanisms involved in EC development are
not fully understood. Neoplastic cancer transformation
and following cancer progression are associated
with the basic cancer properties as disorders of the
cell adhesion and locomotion. The acquirement
of the malignant phenotype leads to changes in
cell cytoskeleton, wich are important for epithelial
cancer cell proliferation, migration and epithelial-
mesenchymal transition [11]. The remodeling of actin
cytoskeleton plays a central role in generating force to
drive cell locomotion, and the cytoskeleton remodeling
is regulated by a plethora of actin- binding proteins
(ABPs). These ABPs perform the following functions:
bind actin monomers and prevent its polymerization
(e.g., thymosin B-4); depolymerize filaments (e.g.,
cofilin-1); sever actin filaments by binding to
the side of F-actin and cutting it into two pieces
(e.g., gelsolin); facilitate the formation of filament
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bundles, branching filaments, and three-dimensional
networks (e.g., Arp2/3, fascin) [12]. Thymosin -4
hyperexpression leads to the loss of E-cadherin and
occludin expressions, increased fibronectin level,
B-catenin rearrangement to cytosol and stimulation
of cell migration activity and invasion ability in vitro
[13]. Overexpression of cofilin 1 was found in cancer
of the bladder and breast [14]. Increased motility of
colonic cancer cells was accompanied by a reduction
of B-catenin and up-regulation of gelsolin [15]. Arp2/3-
mediated actin cytoskeletal rearrangement resulted in
breast cancer invasion and metastasis [16].

Expression of the major ABPs involved in actin
reorganization has not been extensively studied in
endometrial hyperplasia and in EC. Differentiation
induction of human endometrial adenocarcinoma
cells was associated with a dramatic actin filament
reorganization and relocalization of gelsolin from the
plasma membrane to the cytoplasm [17]. Induction of
cortical actin polymerization in endometrial carcinoma
led to conformational change of the ARP2/3 protein,
increased membrane E-cadherin, B-catenin and
promoted epithelial integrity [18].

Cell motility is regulated by Wnt/B-catenin pathway
required for the endometrial neoplasia formation [19].
In tissues B-catenin plays a dual role. Inside cell it is
mostly located in association with the plasma membrane
as a component of the adherent junctions with cadherins
providing cell—cell adhesion and reducing cell motility.
Another pool of B-catenin, free from cadherin, is
an essential component of Wnt/B-catenin signaling
pathway; in presence of Wnt signal, increased levels
of cytoplasmic B-catenin accumulate and enter the
nucleus where it interacts with the TCF/LEF family
of DNA-binding proteins that change transcription of
target genes implicated in cell proliferation, adhesion
and migration. This transcriptionally active B-catenin
is usually phosphorylated at Ser45, so noncanonical
Wnt signaling is associated with p45-Ser-p-catenin
accumulation in cytoplasm and its translocation
into the nucleus [19]. Probably, p45-Ser-f-catenin
may regulate the expression of ABPs, but additional
confirmation is required for this hypothesis.

Cancer cell movement is linked to calcium-
dependent intracellular nonlysosomal cysteine proteases
calpains which affect cancer progression through many
pathways, such as epithelial-mesenchymal transition,
Wnt/B-catenin (B-catenin) and the nuclear factor
kB (NF-kB) signaling pathways [20]. The calpains
are essential in many cellular processes including
apoptosis, proliferation and are involved in cell
migratory process and cytoskeletal reorganization
through cleavage of specific substrates and providing
invadopodia turnover [21]. Recent evidence indicates
that the metastasis of stomach, colorectal and ovarian
cancer is associated with the activity of calpains in
the tissues of the primary tumors [22-24]. Activity
of calpain are not well known in EC and endometrial
hyperplasia, but immunhistochemical analysis showed
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a higher expression of calpain endogenous specific
inhibitor calpastatin in EC than in benign endometrial
tissue [25].

So, although an important role of motility-
associated proteins in cancer is well documented,
but there are still no data on connection between the
p45-Ser B-catenin, ABP levels and calpain activity in
endometrial hyperplasia and EC. Therefore, the aim
of our study was to compare expression of p45-Ser
B-catenin, actin-binding proteins (Arp3, gelsolin,
cofilin-1 and thymosin -4) and calpain activity in EC
and endometrial hyperplasia to identify new cancer
risk factors.

Materials and methods

Patients. The study included 43 postmenopausal
patients with stage I-II endometrioid EC (mean age
56.8 + 1.5 years) and 40 patients with complex typical
and atypical endometrial hyperplasia (mean age 51.8
+ 2.8 years). All patients were treated at the Cancer
Research Institute, Tomsk National Research Medical
Center of the Russian Academy of Sciences (Tomsk,
Russian Federation) from January 2014 to January
2016. The study was approved by the Local Committee
for Medical Ethics. All patients provided written
informed consent. All EC patients underwent total
hysterectomy and bilateral salpingo-oophorectomy
with or without pelvic lymphadenectomy. In accordance
with FIGO classification (2009), Stage la (<1/2
myometrial invasion) and Stage Ib (>1/2 myometrial
invasion) were identified. However, we divided
patients into 3 groups with respect to invasion depth.
Patients with Stage Ia were subdivided into 2 groups:
without myometrial invasion (tumor affected only
the endometrium) and with superficial myometrioal
invasion (less than 1/2 myometrial invasion).
Moreover, presence of the cervical invasion was
evaluated. Endometrial hyperplasia patients underwent
either endometrial ablation or subtotal hysterectomy.
Endometrial tumor and hyperplasia tissues were
collected during surgery. The distance for samples of
non-transformed surrounding tissue to be taken was at
least 2 cm from the visible tumor border. All specimens
were clinicopathologically reviewed.

Preparing cell suspension. Samples of endometrial
tissues were disintegrated on Becton Dickinson (BD)
Medimashine System using BD “Cell Wash” buffer.
Cell suspension was filtrated through a 50 pum Syringe
Filcons nylon filter. This procedure is optimal for cell
suspensions from tissues due to the absence of their
contamination. The improvement of cell suspensions
production, decreased level of cytopasmatic membrane
proteins impairment (damage, injury) are also referred
to as this procedure’s main benefits. Number of cells
was counted in BD Trucount tubes (BD, USA) by
flow cytometry.

Flow cytometry. For intracellular staining cells
were fixed and permeabilized using Cytofix/Cytoperm
kit (BD, USA) (standard protocol). Aliquots of cell
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suspensions were incubated with conjugated or
unconjugated primary antibodies at 20 °C for 30
minutes, washed, and then stained with the secondary
antibodies for 30 minutes. As primary antibodies we
used anti-p45 Ser B-catenin phycoerythrin (PE), anti-
cytokeratin 18 fluorescein isothiocyanate (FITC),
anti-cytokeratin 18 PE (BD, Santa Cruze), anti-Arp3
(Abcam), anti-gelsolin (BD). Secondary antibody
was goat anti-mouse IgG FITC (BD). Results were
analyzed using FACS Diva 6.1. Software. Percentage
of cells specifically stained for p45-Ser-beta-catenin,
Arp3 and gelsolin was analyzed (%).

Preparing tissue homogenates. All procedures
were performed at 4 °C. Frozen samples of tumor
and adjacent tissues were homogenized and then
resuspended in 50 mM Tris-HCI (pH 7.5), 100 mM
NaCl, 1 mM EDTA, 1 mM dithiothreitol, 10 %
glycerol, 10 mM Na,S O, in the ratio 1:6 (w:v).
Homogenates were centrifuged at 10,000 g for 30
min. Protein concentration in cleared homogenates
was determined by the method of Lowry.

Electrophoresis. SDS-PAGE was used, according
to the method of Laemmli. The samples were incubated
for 5 to 10 min in 62.5 mM Tris-HCI buffer (pH 6.8),
containing 2.0 % (w/v) SDS, 5.0 % (v/v)/3-
mercaptoethanol, 10 % (v/v) glycerol, and 0.0012 %
Bromophenol blue.

Western Blot Analysis. After SDS-PAGE, the
gels were equilibrated for 10 min in 25 mM Tris and
192 mM glycine in 20 % (v/v) methanol. The
proteins were transferred to 0.2-/xm pore-sized
PVDF membrane (GE Healthcare, UK), ecither at
150 mA or 100 V for 1 h using Bio-Rad Mini Trans-
Blot electrophoresis cell according to the method
described in the manual accompanying the unit. The
PVDF membrane was incubated in a 1:500 dilution of
monoclonal mouse human anti-cofilin and ina 1:1000
dilution anti-TIMSB4Y (Abcam, UK) overnight at
4 °C, followed by three consecutive washes in 10 mM
Tris-HCI buffer (pH=7.5), containing 150 mM NaCl
(10 min/wash). The PVDF membrane was incubated
in a 1:10000 dilution of anti-mouse antibodies for 1
h. After three more 10-min washes, the nitrocellulose
samples were incubated in Amersham ECL western
blotting detection analysis system according to the
method described in the manual accompanying the
unit and then were exposed to ECL-films (Amersham,
USA). The image analysis was performed using
“Imagel]” software. Results were standardized for
beta-actin levels. The level of peptides in cancer
tissues was expressed in percentages to their level in
non-transformed tissues, with the expression of studied
proteins indicated as 100 %. The level of peptides in
hyperplastic tissues was expressed in percentages to
their expression in cancer ones.

Calpains activity assay.The calpains activity was
performed in tissue homogenates using the fluorogenic
substrate N-Succinyl-Leu-Leu-Val-Tyr-7-Amido-4-
Methylcoumarin (Suc-LLVY-AMC) in a Hitachi-850
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(Japan) fluorimeter at an excitation wavelength
of 380 nm and an emission of 440 nm (26). The
calpains activity solution contained 100 mM Tris—HCI
(pH=7.3), 145 mM NaCl and 30 IM Suc-LLVYAMC.
Incubations were performed at room temperature for
30 min in absence or presence of 10 mM CaCl2 and
N-Acetyl-L-leucyl-L-leucyl-L-norleucinal (calpain
inhibitor I). The reaction was stopped by the addition
of 1 % sodium dodecyl sulfate. Calpains activity was
measured as fluorogenic units per mg protein. Protein
concentration was determined by Lowry.

Statistical analysis. Statistical analysis was
performed using Statistica 10.0 software. All data
are expressed as median with interquartile ranges.
To evaluate the difference either Mann-Whitney
or Kruskal-Wallis test was applied. Correlation
analysis on data was carried out with Spearman Rank
Correlation test. The level of significance was set
at p<0.05. Logistic regression analysis was used to
determine the contribution of variables to the variation
of observed dependent variables. The data consist of
Odd’s ratio given by a regression function f(x,[3), their
95 % confidence interval and p-level.

Results and discussion

We first examined the ABP levels in EC and
endometrial hyperplasia. The data on p45-Ser
B-catenin, Arp3 and gelsolin levels in endometrial
hyperplasia and cancer tissues are shown in Fig. 1.
Cofilin-1 and thymosin B-4 level in hyperplastic and
malignant endometrium are presented in Fig. 2. The
percentage of keratin-18-positive cells stained anti-
Arp3+FITC antibodies was decreased in cancer tissues
compared with endometrial hyperplasia (43.4 % and
50 %, respectively, p=0.023). The levels of cofilin-1
and thymosin -4 were 40 % lower in tissue hyperplasia
compared with tumor (p=0.02).

The previously findings have been described that
cofilin-1 expression increased gradually in normal
ovarian tissues, benign tumors, borderline tumors
and carcinomas, respectively [27]. The high level of
cofilin-1 in EC in comparison to hyperplastic tissues
observed in our investigation is consistent with these
data. Research of B.D. Gun et al. (2012) has revealed
the increased fascin level in proliferative endometrium
in comparison to EC [28]. Arp3 and fascin take partin
formation of bundles and lamelipodia. We have also
shown the high level of protein Arp3 in hyperplasia in
comparison to EC tissues. Probably, decreased levels
of cofilin-1, thymosin B-4 and increased expression
of Arp3 in endometrial hyperplasia are necessary for
cytoskeleton reconstruction, which gives mechanical
support to cells and for some extent of cell during
proliferation.

Migration is important process of tumor cell
invasion and is accompanied by actin cytoskeleton
rearrangement by ABPs. Molecular mechanisms of
formation of invasive protrusions in transformed cells,
such as lamellipodia and invadopodia, is associated
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Puc. 1. Beicokas akcnpeccus of p45 Ser B-kateHuHa B TkaHn PO (npoToyHasi LMTodrnyopumeTpus):
A — unTokepaTuH-18-no3nTunBHbIe kneTkn (Gate 1); B — ructorpamma, oTpaxatoLlasi MHTEHCUBHOCTb dortoopecLieHLUn 1 NpoLeHT (%)
uMTOKEpaTUH-18-MO3UTUBHBIX KMETOK, OKPALLEHHbIX aHTUTENAMU K reNb30mnuHY;
C — npoueHT uuTokepaTtuH-18-no3nTUBHbBIX KNETOK, OKpaLleHHbIx anti-Arp3+FITC u anti-gelsolin+FITC aHTuTenamu.
[MpumeyaHue: * — 3HaYMMOCTb PasNNYKNA MO CPaBHEHWUIO C TKaHbio paka, p=0,023
Fig. 1. High expression of p45 Ser B-catenin in EC tissue (flow cytometry):
A — keratin-18-positive cells (Gate 1); B — Histogram reflecting fluorescence intensity and percentage (%) of keratin-18-positive cells
stained anti-gelsolin antibody; C — Percentage of keratin-18-positive cells stained anti-Arp3+FITC and anti-gelsolin+FITC antibodies.
Note: * — the difference was significant compared to cancer tissues, p=0,023

with the functions of key regulatory proteins of
the actin cytoskeleton. Therefore we analyzed the
expression of ABPs in cancer samples in relation to
tumor invasion.

Our data on p45-Ser-B-catenin, Arp3, gelsolin,
cofilin-1 and thymosin-p 4 expression in relation to
myometrial and cervical invasion in EC patients are
presented in Table 1. Levels of cofilin-1 and thymosin
-4 were increased in tumors with deep invasion in the
myometrium compared with tumors without invasion
(p=0.03 and 0.04, respectively). The levels of cofilin-1
in EC patients without myometrial invasion and with
superficial invasion were the same, while its level in
patients with deep myometrial invasion was 48 %
higher than in patients with superficial invasion. These
findings indicate that cofilin-1 participates in EC pro-
gression. It was revealed that cofilin 1 overexpression
can predict progression-free survival in serous ovarian
cancer patients receiving the standard therapy [29].

The level of thymosin -4 was more than 3.0-fold
higher in tumor tissues of patients with superficial
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and deep myometrial invasion than in patients with-
out myometrial invasion (p<0.05). The thymosin -4
level was also varied depending on the presence or
absence of tumor cervical invasion. Higher levels
of these proteins were detected in EC patients with
cervical invasion (33 and 95 %, respectively). Solid
tumors, including colorectal cancer, were reported to
exhibit overexpression of thymosin -4 associated with
malignant progression [30].

Gelsolin level, having the similar functions in cell
in EC tissues, was not associated with any variants
of the EC invasion. The role of gelsolin in tumor
growth and progression is likely to be contradictory.
For example, gelsolin level in cervical cancer tissue
was higher than in adjacent normal tissue and further
increased in more advanced cases. On the other hand,
gelsolin level was decreased in cancer cell line and
human ovarian cancer tissues compared to adjacent
tissues [31].

In our study, relation between Arp3 expression
and EC myometrial and cervical invasion was not
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Puc. 2. Skcnpeccus kodunnHa n TumosunHa 4 beta B runepnnasnpoBaHHOM, HETPaHCOPMMPOBAHHOM Y ManMrHU3NPOBaHHOM dHAOMeE-
Tpum: A — BecTepH 6rnoTbl kopunuHa-1 u TumMosmHa beta-4 B runepnnasmpoBaHHOM U ManMrHM3MpPOBaHHOM 3HAOMETpUU; B — BecTepH
6noTbl kodunuHa-1 1 TMMo3uHa beta-4 B TkaHU HETPaAHCHOPMMPOBAHHOIO U ManUrHU3MPOBAHHOTO SHAOMETPUS;

C — kodpunuH-1 1 TUMO3WH beta-4 B runepnnasvpoBaHHOM 3HOOMETPUM B NPOLEHTax OT akcrnpeccumn 6enka B obpasuax PO (B cpaBHe-
HUK C TPaHCHOPMUPOBAHHOW TKaHbtO); D — kodunmnH-1 1 TUMO3WH beta-4 B TkaHW paka Mo OTHOLLEHUIO K 3KCMpeccun Genka B HeTpaHc-
opMMPOBaAHHOM 3HAOMETPUN (B CPABHEHUN C HETPAHCHOPMUPOBAHHOMN TKaHbIO).

Mpumeyanue: A: 1 — akcnpeccusi kopunuHa-1 n TMMo3nHa 6eta-4 B pakoBbIX TKaHsX, 2 — Npu runepnnasuu; B: 1 — skcnpeccusi kopunu-
Ha-1 1 TUMO3nHa 6eTa-4 B pakoBbIX TKaHSIX, 2 — B HETPAHCPOPMUPOBAHHBIX TKAHSX. * — pa3nnuunsi N0 CPaBHEHWIO C TPaHCHOPMUPOBAH-
Hou TkaHbto p=0,02; ** — pa3annymsa No cpaBHEHMIO C HeTpaHcopMMpoBaHHON TKaHbto, p=0,01.

PesynbraThl cTaHAAPTU3MPOBANM C UCMONb30BaHWEM 3KCTIPECCUU-aKTMHA B 06pasLie 1 Bbipaxkanu B MPOLEHTax oT coaepxaHus benka B
ManurHM3MpoBaHHbIX U HETPAHCHOPMUPOBAHHbIX TKaHSAX
Fig. 2. Cofilin-1 and thymosin beta-4 expression in hyperplastic, non-transformed and endometrial cancer tissues: A — western blots of
cofilin-1 and thymosin beta-4 in hyperplastic and endometrial cancer tissues; B — western blots of cofilin-1 and thymosin beta-4 in non-
transformed and endometrial cancer tissues; C — cofilin-1 and thymosin beta-4 in hyperplastic tissues in percentages to their expression
in cancer ones (in comparison with transformed tissue); D — cofilin-1 and thymosin beta-4 in cancer tissues in percentages to their
expression in non-transformed ones (in comparison with non-transformed tissue).

Note: A: 1 — cofilin-1 and thymosin beta-4 expression in cancer tissues, 2 — in hyperplasia; B: 1 — cofilin-1 and thymosin beta-4
expression in cancer tissues, 2 — in non-transformed tissues. * — in comparison with transformed tissue, p=0.02; ** — in comparison with
non-transformed tissue, p=0.01.

The results were standardized using the -actin expression in a sample and were expressed in percentages to protein content in cancer
and non-transformed tissues

detected. However, it was shown in gastric carcinomas,  plasia (p=0.000). Some previous studies have explored
Arp2 and Arp3 expression levels were correlated with  the role of calpains in intercellular adhesion, alteration
tumor size, stage, invasion depth and vascular tumor  of the actin cytoskeleton, morphological transforma-
emboli [32]. It was shown that Arp 2/3 took partinthe  tion, cell migration and cancer progression [20-22].
organization of lamellipodial structure, and inhibition ~ The activity of calpains in EC varied depending on the
of its function reduces the migration of the migration  depth of tumor invasion in the myometrium and was
of cancer cells in vitro [33]. the largest at deep invasion compared with endometrial
The study of the level of p45-Ser-B-catenin,  cancer without invasion (127.8 (85.8—159.8) x 1.000
which is important component of intracellular signal =~ ME/per mg protein and 54.0 (49.0-59.0) x 1.000 ME/
transduction connected with cell motility, showed no  per mg protein, p=0.03) (Table 3).
relationship between p45-Ser-B-catenin expression and In endometrial hyperplasia correlation analysis
myometrial and cervical invasion of EC. revealed positive relationship between total calpain
The results on the total activity of calpains in hy-  activity and gelsolin (R=0.929, p=0.003) and Arp3
perplastic and malignant tissues of endometrium are ~ (R=0.929, p=0.003). These relationships can be
presented in Table 2. The activity of calpains inthe EC ~ explained by the common regulatory mechanisms
tissue was 7.4 times higher than for endometrial hyper-  involved in reorganization of the cytoskeleton in
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Tabnuua 1/Table 1
YpoBeHb p45 Ser (3-kaTeHuHa. Arp3. renb3onuHa. koounuHa-1 1 TMMo3uHa 3 4 B obpa3uax paka
3HAOMETPUA B 3aBUCUMOCTM OT FMYyOUHBLI MUOMETPMANbHOM U LIepBUKaNbHOW MHBA3UK

The level of p45 Ser 3-catenin. Arp3. gelsolin. cofilin-1 and thymosin (3 4 in EC samples dependent on
myometrial and cervical invasion.

LuTokeparun-18-mo3UTUBHbIE KIETKU. OKPAIIEHHbIE VYposenb kodununa-1 u Tumosuna -4 (B
positive anti-p45 Ser B-catenin PE. anti-Arp3+FITC u anti- % OT ypOBHS B HETPaHC(HOPMUPOBAHHOMH
gelsolin+FITC anturenamu. %/ TKaHH SHIOMETPHs)/
IMapametps/ Percentage of keratin-18-positive cells stained anti-p45 The level of cofilin-1 and thymosin f3-4
Parameters Ser B-catenin PE. anti-Arp3+FITC and anti-gelsolin+FITC (calculated in % from non-transformed
antibodies. % endometrial tissues)
p45 Ser B-xarepun/ Arp3/ Tenp30mmis/ Kodmmmn-1/ Tumosun (-4/
p45 Ser B-catenin Arp3 Gelsolin Cofilin-1 Thymosin -4

I'my6una naBaszuu B Mmuometpuit/Depth of myometrial invasion

bes musasin (=8)/ g0 ) 900.91.0)  34.0(23.0459)  61.5(540-65.0)  130.0 (100-155)  49.0 (29.0-55.0)

No (n=8)
IToBepxHocTHas
(n=21)/ 92.3 (80.1-95.9) 53.6 (39.1-75.1) 74.6 (69.1-82.0) 122 (114-129) 197 (160-240)
Superficial (n=21)
Iny6oxkas (n=14)/ 94.2 (82.0-96.0) 46.2 (36.0-60.4) 62.8 (55.0-68.0) 181 (140-219) 199 (155-260)
Deep (n=14) p>0.05 p>0.05 p>0.05 p=0.03 p=0.04
LepBukansHas unBasusi/Cervical invasion
Her (n=34)/No
(n=34) 91.0 (82.094.2) 45.0 (35.0-70.2) 71.0 (65.0-75.0) 124 (108-138) 148 (89.0-209)
Ectb (n=9)/Yes
(n=9) 91.5 (88.7-93.2) 33.0 (22.0-46.8) 66.0 (54.0-76.0) 106 (80.6-140) 290 (255-367)
p p>0.05 p>0.05 p>0.05 p>0.05 p=0.03

Ta6nuua 2/Table 2
ToTanbHasA aKkTUBHOCTb KanbnauHOB B TKaHU rmnepnnasMpoBaHHOro U MasiirHU3MpoBaHHOIro aHAoOMeTpuA

Toral activity of calpaines in hyperplastic and malignant tissues of endometrium
ToranpHast akTHBHOCTB KaybnanHOB. 1000 ME/Ha mr Genka/

TkaHb SHIOMETpUS/ Toral activity of calpaines. 1.000 ME/per mg protein

Tissues of endometrium Menuana/ .
Median QsQ; P
luneprnasus 3Hn0M6Tpgﬂ/ Endometrial 3 231 10.4:28.8
hyperplasia
Anenokaputoma/ 43 171.5 77.5-333.0 (p=0.0000)

Endometrium carcinoma

Ta6nuua 3/Table 3
ToTtanbHaA aKkTUBHOCTb KanbnNauHOB B 3aBUCUMOCTU OT MUHBa3umn onyxonu B MMOMeTpI/IVI 7] me|7||(y MaTKWU,

Me (Q,-Q,)
Toral activity of calpaines in dependance on endometrium carcinoma invasion in myometrium and cervix,
Me (Q,-Q,)
I'myOuna nHBa3MK B MUOMETpUit/ ToranbHast akTUBHOCTH KasibnanHoB. 1000 ME/ Ha mr Genka/
Depth of myometrial invasion Toral activity of calpaines. 1.000 ME/per mg protein P
be3 unBazuu (n=8)/No (n=8) 54.0 (49.0-59.0)
TToBepxHoctHast (n=21)/Superficial (n=21) 68.8 (38.6-86.4) p=0.53
I'my6oxas nHBasusi B Muomerpuii (n=14)/ _
Deep myometrial invasion (n=14) 127.8 (85.8-159.8) p=0.03
IlepBuxansHast naBa3us (n=14)/ 723 (71.3-73.3) p=024

Cervical invasion (n=14)

CUBMPCKUM OHKONMOTUYECKWI XKYPHATT. 2020; 19(5): 51-60 57



LABORATORY AND EXPERIMENTAL STUDIES

Ta6nuua 4/Table 4

OpHodaKTOpHbIN aHanNu3 AnsA npeAckasaHuA nepexopa runepnnasmm 3HAOMETPUsS B KapLMHOMY
3HAOMeTpuUs

Univariate analysis to predict the transition of endometrial hyperplasia to endometrium carcinoma

OnnodakropHslii ananu3/Univariate analysis

OTHOIIEHHE TAaHCOB/
Oddsratio
Yposens p45 Serf-karennna/Level of p45 Serf-catenin
<89.5 (n=34)
>89.5 (n=29)
AxtuBHOCTH KajpnanHoB/Calpain activity
<65.2 (n=29)
>65.2 (n=34)
VYposens TumosuHa -4/Level of thymosinf-4
<82.5 (n=34)
>82.5 (n=29)
VYposens kodunarna-1/Level of cofilin-1
<105 (n=38)
>105 (n=39)
VYposens Arp3/Level of Arp3
<45 (n=38)
>45 (n=39)
VYposens rens3onunaa/Level of gelsolin
<67.5 (n=36)
>67.5 (n=44)

[Mapamerpsl/ Parameters

1.3

6.1

2.8

7.8

0.3

0.5

nontransformed cells. In EC there was no statistical
correlation between calpain activity and motility
protein levels. It should be noted that earlier we
showed the association of the activity of intracellular
proteases proteasomes with growth and transcription
factors in the tissue of EC [34]. Probably in EC
regulatory links concerning calpains are disrupted in
comparison to non-transformed tissues.

To study promising future of motility associated
proteins as predictor biomarkers in human EC the lo-
gistic regression analysis was performed. Regression
analysis result is shown in Table 4. The univariate
analysis showed that the levels of thymosin -4 and
cofilin, as well as activity of calpains in endometrial
hyperplasia tissues were independent predictors for
cancer development. Calpain activity and level of
cofilin-1 in hyperplasia tissue were more significant
predictors then level of thymosin p-4.
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