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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-β-catenin, and calpain activity in endometrial hyperplasia and in EC. Material 
and Methods. Total calpain activity, p45-Ser β-catenin, Arp3, gelsolin, cofillin and thymosin β-4 levels were 
evaluated in 43 postmenopausal patients with stage I–II endometrioid EC and 40 endometrial hyperplasia 
patients. Flow cytometry and Western blotting were used for expression determination of p45 Ser β-catenin 
and actin-biding proteins. Total calpain activity was estimated by fluorimetric method. Results. Levels of 
cofilin-1, thymosin β-4 and calpain activity were higher in cancer tissues than in endometrial hyperplasia. 
Cofilin-1 and thymosin β-4 levels were associated with the depth of myometrial invasion. The thymosin β-4 
expression was correlated with the presence of tumor cervical invasion. Revealed correlations between the 
actin-binding proteins, p45-Ser-β-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 β-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 thymosinβ-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-β-catenin, total calpain activity.
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Аннотация

Введение. Известно, что белки, связанные с клеточной подвижностью, играют важную роль в инвазии 
и метастазировании злокачественных опухолей, тем не менее нет данных об их связи с развитием 
новообразований, в том числе рака эндометрия (РЭ). Целью исследования было изучение уровня 
актин-связывающих белков, p45-Ser-β-катенина и активности кальпаинов при гиперплазии эндометрия 
и при РЭ. Материал и методы. Общая активность кальпаинов, уровни p45-Ser β-катенина, Arp3, 
гельзолина, кофиллина и тимозина β-4 были оценены у 43 больных раком эндометрия I–II стадии в 
постменопаузе и у 40 пациенток с гиперплазией эндометрия. Проточную цитометрию и вестерн-блоттинг 
использовали для определения экспрессии p45 Ser β-катенина и актин-связывающих белков. Общая 
активность кальпаинов оценивалась флуориметрическим методом. Результаты. Уровни кофилина-1, 
тимозина β-4 и активность кальпаинов были выше в тканях злокачественных опухолей, чем при ги-
перплазии эндометрия. Уровни кофилина-1 и тимозина β-4 были связаны с глубиной инвазии рака 
эндометрия в миометрий. Содержание тимозина β-4 коррелировало с наличием инвазии опухоли в 
шейку матки. Выявленные корреляции между актин-связывающими белками, р45-Ser-β-катенином и 
общей активностью кальпаинов в ткани гиперплазии эндометрия, но не в ткани рака свидетельствуют 
об участии этих протеаз в регуляции клеточной миграции при гиперплазии эндометрия. Уровни тимо-
зина-4, кофилина и общая активность кальпаинов являются независимыми факторами риска развития 
рака у пациентов с гиперплазией эндометрия. Заключение. Уровень актин-связывающих белков, а 
также общая активность кальпаинов были повышены в тканях карциномы эндометрия по сравнению 
с гиперплазией эндометрия. Уровни тимозина-4, кофилина и общая активность кальпаинов в тканях 
гиперплазии эндометрия могут быть независимыми факторами риска развития рака.

Ключевые слова: гиперплазия эндометрия, карцинома эндометрия, инвазия, актин-связывающие 
белки, p45-Ser-β-катенин, общая активность кальпаинов.

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 

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 β-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 β-4 
hyperexpression leads to the loss of E-cadherin and 
occludin expressions, increased fibronectin level, 
β-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 β-catenin and up-regulation of gelsolin [15]. Arp2/3-
mediated actin cytoskeletal rearrangement resulted in 
breast сancer 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, β-catenin and 
promoted epithelial integrity [18].

Cell motility is regulated by Wnt/β-catenin pathway 
required for the endometrial neoplasia formation [19]. 
In tissues β-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 β-catenin, free from cadherin, is 
an essential component of Wnt/β-catenin signaling 
pathway; in presence of Wnt signal, increased levels 
of cytoplasmic β-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 β-catenin 
is usually phosphorylated at Ser45, so noncanonical 
Wnt signaling is associated with p45-Ser-β-catenin 
accumulation in cytoplasm and its translocation 
into the nucleus [19]. Probably, p45-Ser-β-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/β-catenin (β-catenin) and the nuclear factor 
κB  (NF-κB) 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 

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 β-catenin, ABP levels and calpain activity in 
endometrial hyperplasia and EC. Therefore, the aim 
of our study was to compare expression of p45-Ser 
β-catenin, actin-binding proteins (Arp3, gelsolin, 
cofilin-1 and thymosin β-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 Ia (<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 μm 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 β-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 ℃. Frozen samples of tumor 
and adjacent tissues were homogenized and then 
resuspended in 50 mM Tris-HCl (pH 7.5), 100 mM 
NaCl, 1 mM EDTA, 1 mM dithiothreitol, 10  % 
glycerol, 10 mM Na2S2O5 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-HCl 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), either 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 in a 1:1000 
dilution anti-TIMSB4Y (Abcam, UK) overnight at 
4 ºС, followed by three consecutive washes in 10 mM 
Tris-HCl 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 
“ImageJ” 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 

(Japan) fluorimeter at an excitation wavelength 
of 380 nm and an emission of 440 nm (26). The 
calpains activity solution contained 100 mM Tris–HCl 
(pH=7.3), 145 mM NaCl and 30 lM 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,β), 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 
β-catenin, Arp3 and gelsolin levels in endometrial 
hyperplasia and cancer tissues are shown in Fig. 1. 
Cofilin-1 and thymosin β-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, р=0.023). The levels of cofilin-1 
and thymosin β-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 part in 
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 β-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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Рис. 1. Высокая экспрессия of p45 Ser β-катенина в ткани РЭ (проточная цитофлуориметрия): 
А – цитокератин-18-позитивные клетки (Gate 1); B – гистограмма, отражающая интенсивность флюоресценции и процент (%) 

цитокератин-18-позитивных клеток, окрашенных антителами к гельзолину; 
C – процент цитокератин-18-позитивных клеток, окрашенных anti-Arp3+FITC и anti-gelsolin+FITC антителами. 

Примечание: * – значимость различий по сравнению с тканью рака, р=0,023
Fig. 1. High expression of p45 Ser β-catenin in EC tissue (flow cytometry): 

А – 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, р=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-β-catenin, Arp3, gelsolin, 
cofilin-1 and thymosin-β 4 expression in relation to 
myometrial and cervical invasion in EC patients are 
presented in Table 1. Levels of cofilin-1 and thymosin 
β-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 β-4 was more than 3.0-fold 
higher in tumor tissues of patients with superficial 

and deep myometrial invasion than in patients with-
out myometrial invasion (p<0.05). The thymosin β-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 β-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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Рис. 2. Экспрессия кофилина и тимозина 4 beta в гиперплазированном, нетрансформированном и малигнизированном эндоме-
трии: A – вестерн блоты кофилина-1 и тимозина beta-4 в гиперплазированном и малигнизированном эндометрии; B – вестерн 

блоты кофилина-1 и тимозина beta-4 в ткани нетрансформированного и малигнизированного эндометрия; 
C – кофилин-1 и тимозин beta-4 в гиперплазированном эндометрии в процентах от экспрессии белка в образцах РЭ (в сравне-
нии с трансформированной тканью); D – кофилин-1 и тимозин beta-4 в ткани рака по отношению к экспрессии белка в нетранс-

формированном эндометрии (в сравнении с нетрансформированной тканью).
Примечание: A: 1 – экспрессия кофилина-1 и тимозина бета-4 в раковых тканях, 2 – при гиперплазии; B: 1 – экспрессия кофили-
на-1 и тимозина бета-4 в раковых тканях, 2 – в нетрансформированных тканях. * – различия по сравнению с трансформирован-

ной тканью p=0,02; ** – различия по сравнению с нетрансформированной тканью, p=0,01. 
Результаты стандартизировали с использованием экспрессии-актина в образце и выражали в процентах от содержания белка в 

малигнизированных и нетрансформированных тканях
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 β-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, 
Arp2 and Arp3 expression levels were correlated with 
tumor size, stage, invasion depth and vascular tumor 
emboli [32]. It was shown that Arp 2/3 took part in the 
organization of lamellipodial structure, and inhibition 
of its function reduces the migration of the migration 
of cancer cells in vitro [33].

The study of the level of p45-Ser-β-catenin, 
which is important component of intracellular signal 
transduction connected with cell motility, showed no 
relationship between p45-Ser-β-catenin expression and 
myometrial and cervical invasion of EC.

The results on the total activity of calpains in hy-
perplastic and malignant tissues of endometrium are 
presented in Table 2. The activity of calpains in the EС 
tissue was 7.4 times higher than for endometrial hyper-

plasia (p=0.000). Some previous studies have explored 
the role of calpains in intercellular adhesion, alteration 
of the actin cytoskeleton, morphological transforma-
tion, cell migration and cancer progression [20–22]. 
The activity of calpains in EC varied depending on the 
depth of tumor invasion in the myometrium and was 
the largest at deep invasion compared with endometrial 
cancer without invasion (127.8 (85.8–159.8) × 1.000 
ME/per mg protein and 54.0 (49.0–59.0) × 1.000 ME/
per mg protein, p=0.03) (Table 3).

In endometrial hyperplasia correlation analysis 
revealed positive relationship between total calpain 
activity and gelsolin (R=0.929, p=0.003) and Arp3 
(R=0.929, p=0.003). These relationships can be 
explained by the common regulatory mechanisms 
involved in reorganization of the cytoskeleton in 
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Таблица 1/Table 1

Уровень p45 Ser β-катенина. Arp3. гельзолина. кофилина-1 и тимозина β 4 в образцах рака 
эндометрия в зависимости от глубины миометриальной и цервикальной инвазии

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

Параметры/
Parameters

Цитокератин-18-позитивные клетки. окрашенные 
positive anti-p45 Ser β-catenin PE. anti-Arp3+FITC и anti-

gelsolin+FITC антителами. %/
Percentage of keratin-18-positive cells stained anti-p45 

Ser β-catenin PE. anti-Arp3+FITC and anti-gelsolin+FITC 
antibodies. %

Уровень кофилина-1 и тимозина β-4 (в 
% от уровня в нетрансформированной 

ткани эндометрия)/
The level of cofilin-1 and thymosin β-4 
(calculated in % from non-transformed 

endometrial tissues)
p45 Ser β-катерин/
p45 Ser β-catenin

Arp3/
Arp3

Гельзолин/
Gelsolin

Кофилин-1/ 
Cofilin-1

Тимозин  β-4/
Thymosin β-4

Глубина инвазии в миометрий/Depth of myometrial invasion
Без инвазии (n=8)/

No (n=8) 89.2 (80.0–91.0) 34.0 (23.0–45.9) 61.5 (54.0–65.0) 130.0 (100–155) 49.0 (29.0–55.0)

Поверхностная 
(n=21)/

Superficial (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)

Глубокая (n=14)/
Deep (n=14)

94.2 (82.0–96.0)
р>0.05

46.2 (36.0–60.4)
р>0.05

62.8 (55.0–68.0)
р>0.05

181 (140–219)
р=0.03

199 (155–260)
р=0.04

Цервикальная инвазия/Cervical invasion
Нет (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)

Есть (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 р>0.05 р>0.05 р>0.05 р>0.05 р=0.03

Таблица 2/Table 2

Тотальная активность кальпаинов в ткани гиперплазированного и малигнизированного эндометрия

Тотаl activity of calpaines in hyperplastic and malignant tissues of endometrium

Ткань эндометрия/
Tissues of endometrium n

Тотальная активность кальпаинов. 1000 ME/на мг белка/
Тотаl activity of calpaines. 1.000 ME/per mg protein

Медиана/
Median Q1;Q3 p

Гиперплазия эндометрия/ Endometrial 
hyperplasia 32 23.1 10.4;28.8

Аденокарцинома/
Endometrium carcinoma 43 171.5 77.5–333.0 (р=0.0000)

Таблица 3/Table 3

Тотальная активность кальпаинов в зависимости от инвазии опухоли в миометрий и шейку матки, 
Me (Q

1
-Q

3
)

Тотаl activity of calpaines in dependance on endometrium carcinoma invasion in myometrium and cervix, 
Me (Q

1
-Q

3
)

Глубина инвазии в миометрий/
Depth of myometrial invasion

Тотальная активность кальпаинов. 1000 ME/ на мг белка/
Тотаl activity of calpaines. 1.000 ME/per mg protein p

Без инвазии (n=8)/No (n=8) 54.0 (49.0–59.0)

Поверхностная (n=21)/Superficial (n=21) 68.8 (38.6–86.4) р=0.53

Глубокая инвазия в миометрий (n=14)/
Deep myometrial invasion (n=14) 127.8 (85.8–159.8) р=0.03

Цервикальная инвазия (n=14)/
Cervical invasion (n=14) 72.3 (71.3–73.3) р=0.24
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Таблица 4/Table 4

Однофакторный анализ для предсказания перехода гиперплазии эндометрия в карциному 
эндометрия

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

Параметры/ Parameters
Однофакторный анализ/Univariate analysis

Отношение шансов/
Oddsratio 95 %CI P value

Уровень p45 Serβ-катенина/Level of p45 Serβ-catenin
≤89.5 (n=34)

1.3 0.6–2.9 0.506
>89.5 (n=29)

Активность кальпаинов/Calpain activity
≤65.2 (n=29)

6.1 1.5–24.9 0.002
>65.2 (n=34)

Уровень тимозина β-4/Level of thymosinβ-4
≤82.5 (n=34)

2.8 1.2–6.6 0.015
>82.5 (n=29)

Уровень кофилина-1/Level of cofilin-1
≤105 (n=38)

7.8 2.0–30.6 <0.001
>105 (n=39)

Уровень Arp3/Level of Arp3
≤45 (n=38)

0.3 0.1–1.3 0.075
>45 (n=39)

Уровень гельзолина/Level of gelsolin
≤67.5 (n=36)

0.5 0.1–2.0 0.301
>67.5 (n=44)

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 β-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 β-4.

Conclusion
Our investigation showed the decreased levels of 

cofilin-1, thymosin β-4 and increased expression of 
Arp3 in endometrial hyperplasia in comparison with 
EC that probably was necessary for cytoskeleton 
remodeling. Cofilin-1 and thymosin β-4 expressions 
were associated with the depth of myometrial and 
cervical invasion in EC. We can assume that actin 
cytoskeleton reorganization in EC invasive cell may 
be performed through regulation of cofilin-1 and 
thymosin β-4. Received associations between levels 
of ABPs and total calpain activity allow us to suppose 
the involvement of these proteases in the regulation of 
cell migration and invasion in endometrial hyperplasia. 
Levels of thymosinβ-4, cofilin and total calpain 
activity are independent cancer risk factors in patients 
with endometrial hyperplasia and may be considered 
as predictive biomarkers for prognosis of hyperplasia 
transition to cancer.
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