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Abstract
Aging and apoptosis are two mechanisms of a powerful anti - cancer defense. The
apoptosis inhibitor is Bcl-2 gene. It expresses in transformed cells, blocks programmed death,
promotes the survival of malignant ones. Under experimental conditions, when the Bcl-2 gene
was transfected into the endothelial aging cells of mice, there was a decrease in mitochondrial
oxidative stress, renewal of the potential of mitochondrial membranes, and improvement of
angiogenesis. The objective: to study the expression of the Bcl-2 marker and telomerase
activity in endometrial tissue with hyperplasia. Materials and methods. The endometrial
tissue samples: 54 with hyperplastic process and 14 patients with a biphasic menstrual
ovulatory cycle. Immunohistochemical reactions, real-time PCR with SYBR Green (RQTRAP) dye by Wege et al. In endometrial cells with complex non-atypical hyperplasia take
place initial disturbances in the processes of programmed cellular death. In complex
hyperplasia with atypia in endometrial cells there is inhibition of apoptosis, which can be
regarded as a trigger mechanism in the development of cellular atypia. The statistically
significant parallelism between the processes of telomerase reactivation in endometrial cells at
complex atypical hyperplasia and the existence of telomerase activity in 85% of tumors
allows to appraise it as a predictor of oncological process.
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Introduction. Apoptosis is genetically controlled and energetically dependent factor
[3, 9] which activity is hormone – mediated in endometrium (Amalinei C., et al., 2011), and
its prognostic criteria in proliferative states and malignancy prospects [3, 4, 5 ] are of interest.
Replicative aging (senescence) is one of the protection against malignancy
mechanisms, it manifests itself by stopping cell division in G1 stage and resistance to
apoptosis. Molecular genetics recent activity showed a correlation between the cellular aging
and the length of telomeres, the activity of telomerase enzyme, on the basis of which the
"telomere theory of aging and immortalization" was constructed [1, 6]. The shortening of
telomeres, and as a consequence their "dysfunction," is perceived by the cell as an abnormal
DNA structure, which induces cellular cycle arrest [2], triggering the mechanisms of cellular
senescence and apoptosis. The exception is immortal cells: genital, stem, malignant [1, 10].
From the evolutionary point of view it remains unclear why under the daily birth and
death of millions of cells, there is a senescence, as the types of damage that trigger cellular
aging are similar to the processes activating apoptosis [1].
Aging and apoptosis are two mechanisms of a powerful anti - cancer defense. The
period from the telomeres critical shortening to apoptosis in the senescent cells can last from
several months to several years [6, 7]. According to the researchers [2, 7] accumulated with
age cells are resistant to apoptosis and can lead to neoplasia. At present, works demonstrating
the anti - apoptotic effect of telomerase through interaction with proteins of the Bcl-2 family
[8, 11] prevail in the literature.
The apoptosis inhibitor is Bcl-2 gene. It expresses in transformed cells, blocks
programmed death, promotes the survival of malignant ones. Cellular senescence is
accompanied by changes in the expression of this gene and an increase of oxidative stress in
them [1, 2, 6]. Under experimental conditions, when the Bcl-2 gene was transfected into the
endothelial aging cells of mice, there was a decrease in mitochondrial oxidative stress,
renewal of the potential of mitochondrial membranes, and improvement of angiogenesis [12].
The objective: to study the expression of the Bcl-2 marker and telomerase activity in
endometrial tissue with hyperplasia.
Materials and methods. The endometrial tissue samples were examined in 68
patients, of which 54, according to histological findings, had a hyperplastic process and there
were 14 patients with a biphasic menstrual ovulatory cycle. The women under observation
had been trained in the implementation of assisted reproductive technologies (control group).
Immunohistochemical reactions were placed on serial paraffin sections. As primary
specific antibodies the ones to Bcl-2 (DAKO-Germany) were used. The results of
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immunohistochemical reactions were evaluated for Bcl-2 in plusses in terms of the intensity
of brown staining. Its intensity was assessed in points as follows: (0) - no staining, (+) - slight
staining, (++) - moderate staining, (+++) - strong staining.
The relative activity of telomerase was determined using real-time PCR with SYBR
Green (RQ-TRAP) dye by Wege et al. Analysis in the reaction mixture with 2 μl of tissue
extracts, 0.1 μg of forward primer, 0.05 μg of reverse primer and 12.5 μL of Mastermix 480
SYBR Green I (Roche Applied Biosystems). To increase the accuracy of the research, in each
experiment we used from 4 to 6 samples of the examined cellular material and calculated their
average value.
The results of the study were processed statistically with the help of variation statistics
with Student's test and standard computer systems.
The results and their discussion
Proliferative processes were differentiated according to the accepted classification
(1994) and the following groups were formed: I group consisted of 17 samples of scrapings
with simple endometrial hyperplasia without atypia, group II - 11 samples with complex
hyperplasia without atypia, group III was presented with 12 specimens with simple
hyperplasia and atypical processes in endometrium, group IV - 14 samples with complex
atypical hyperplasia. Control group (V) included 14 women with morphologically unchanged
endometrium (proliferation stage - 6 patients (VP), stage of secretion - 8 patients (VC)).
Clinical indications for the examination of women were the presence of echographic
signs of endometrial hyperplasia in 23 cases (43.6%), and / or menstrual irregularities (menoor metrorrhagia) in 21 cases (56.4%).
Table 1
Clinical characteristics of the patients in the survey groups (M ± m)
Age
I group
47.8±0.75
II group
47.7±0.89
III group
48.3±0.97
IV group
49.1±0.72
VP group
36.8±0.60
VC group
37.63±0.50
Note: in all cases p> 0.05.

IMT (?)
29.91±0.99
29.02±0.80
24.43±0.74
28.05±0.58
19.72±0.34
20.04±0.34

menstrual
function onset
13.29±0.31
13.18±0.33
13.50±0.40
12.86±0.31
13.07±0.48
12.75±0.31

Menstrual cycle
duration
28.76±0.34
28.27±0.36
28.17±0.34
28.36±0.25
28.33±0.21
28.01±0.33

As a marker of apoptosis, Bcl-2 protein is actively studied. The expression of this
protein in the endometrial cells are presented in Table 2 (own data).

237

Table 2
The level of Bcl-2 protein expression in endometrial epithelial cells (abs. p., %)

Bcl-2 (0)
Bcl-2 (+)
Bcl-2
(++)
Bcl-2
(+++)

Gr. I

Gr.II

4 (23.53%)
8 (47.06%)
5 (29.41%)

3 (27.27%)
5 (45.45%)
2(18.18%)

0

1(9.09%)

Gr.III

Gr.IV

Gr.P

Gr.C

0
1(7.14%)
2(16.67%) 1(7.14%)
6(50.0%) 3(21.43%)

1(16.67%)
2(33.33%)
2(33.33%)

5(62.5%)
1(12.5%)
2(25.00%)

4(33.33%) 9(64.28%)

1(16.67%)

0

In the endometrial cells at the proliferation phase of the сontrol group women,
moderate and weak expression of Bcl-2 protein was detected in 2 (33.33 ± 19.24%) cases and
there was 1 (16.67 ± 15.22%) case either with strong expression or its absence. Endometrial
secretion phases in 5 (62.5 ± 17.12%) cases of expression were this protein free; in 1 (12.5 ±
11.69%) case the staining intensity was weak and in 2 (25.00 ± 15, 31%) cases it was
moderate. These indicators can testify to apoptosis processes increase in the secretory phase
against the background of relatively low levels of protein inhibition of programmed cellular
death.

Fig.1.

Complex

atypical

hyperplasia

of

edometrium. Expression of Bcl-2 (+++), x40

The expression of Bcl-2 protein in total in the V group was: in 6 (42.86 ± 13.22%)
cases there was its absence, in 3 (21.43 ± 10.97%) cases weak staining took place, in 4 (28.57
± 12.07%) cases it was moderate, and the maximum expression was found in 1 (7.14 ±
6.88%) case. In all cases, Bcl-2 protein was detected predominantly in epithelial cells, in
stromal ones the protein’s expression was detected in a very small percentage of cells and
with a low level of staining.
In the study of endometrial specimens of the 1st group women, the maximum
expression of Bcl-2 protein was not revealed. In this group 5 endometrium’s specimens (29.41
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± 11.05%) had a moderate intensity of staining, in 8 (47.06 ± 12.11%) specimens a weak
staining was noted and in 4 (23.53 ± 10.29%) there were no staining. In group II the following
pattern was revealed: in 1 (9.09 ± 8.67%) specimen there was strong staining, in 2 (18.18 ±
11.63%) - moderate, in 5 (45.45 ± 15.01% ) - weak, and the absence of expression took place
in 3 (27,27 ± 13,43%) cases.
When study the endometrial tissues with atypical hyperplastic processes, a shift in the
expression of Bcl-2 protein towards enhanced staining was noted, and the percentage of its
detection in stromal cells was slightly higher. Thus, in the endometrial specimens with simple
atypical hyperplasia, a strong staining was detected in 4 (33.33 ± 13.61%) cases (Fig. 2), in 6
(50.0 ± 5.48%) cases it was moderate, in 2 (16, 67 ± 10,76%) staining there was a weak
staining, the absence of expression was not detected in any case.

Fig. 2. Simple atypical hyperplasia of endometrium/ expression of Bcl-2 (+++), x40

When study the specimens with complex atypical hyperplasia, the strong expression of
Bcl-2 protein was detected in 9 (64.28 ± 12.81%) cases (Fig. 1), in 3 (21.43 ± 10.97%) it was
moderate and in 1 case (7.14 ± 6.88%) it was weak and there was no expression either.
The statistical processing of the data obtained showed that with endometrial complex
atypical hyperplasia the frequency of detection of high expression of Bcl-2 protein
significantly exceeds the expression levels for simple hyperplasia (χ2 = 8.25; df = 3; p =
0.04). At the same time, with complex atypical hyperplasia (IV Gr.), the level of expression of
Bcl-2 in comparison with complex non-atypical hyperplasia (Gr. II) also significantly differed
(χ2 = 5.69; df = 3; p = 0.02). There were no statistically significant changes between groups
with simple hyperplasia with atypia and complex atypical hyperplasia (χ2 = 1.39, df = 3, p =
0.23).
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The results obtained suggest that the expression of Bcl-2 protein in the endometrial
tissue changes both in dependence and on the degree of the pathological process progression.
Changes in protein expression are traced already with complex hyperplasia without atypia, the
most significant they are at atypical complex hyperplasia and somewhat lower with
adenocarcinoma with progression of increase in the intensity of staining, which suggests a
significant weakening of apoptosis mechanisms in atypical complex hyperplasia.
To interpret the activity of telomerase, we used a method based on amplification of the
signal by real-time PCR, which allowed us to quantify the indices.
The results of the studies are presented in Table 3.
Table 3
The activity of telomerase in endometrial tissue cells e. a. (M ± m)
Groups
Group I

Telomerase activity
1.22±0.10

Group II

1.35±0.07

Group III

1.23±0.07

Group IV

1.54±0.05

Group VP
Group VC

1.25±0.07
1.18±0.05

P
pI-pII>o.o5
pI-pIII>0.05
pI-pIV>0.05
pI-pV>0.05
pI-pVI>0.05
pII-pIII>0.05
pII-pIV>0.05
pII-pV>0.05
pII-pVI>0.05
pIII-pIII>0.05
pIII-pIV>0.05
pIII-pV>0.05
pIII-pVI>0.05
pIV-pV>0.05
pIV-pVI>0.05
pV-pVI>0.05

The data obtained indicate a definite tendency towards an increase in telomerase
activity in the proliferative type of endometrium - 1.25 ± 0.07 e. a, and may be used for
indication of its activity with respect to the proliferative processes flow as a whole.
Telomerase’s activity in the endometrium of secretory type reduces and is 1.18 ± 0.05 e. a.
The results of our work coincide with those of other researches (Adamyan LV et al., 2006;
Rainer Lehner et al., 2002), and thus, it is possible to admit that activation or inhibition of
telomerase activity is reflected during proliferative processes. The second, no less important
conclusion, is the presence of a corresponding parallelism between telomerase activity and
cyclic manifestations of steroidogenesis corresponding to the phases of the menstrual cycle.
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The established statistically significant reactivation of telomerase in endometrial cells in
atypical complex hyperplasia - 1.54 ± 0.05 e. a. is an important fact.
Analysis of telomerase activity in tissues with simple hyperplasia - 1.22 ± 0.10 e. a,
simple atypical hyperplasia – 1.23 ± 0.08 e. a. and complex hyperplasia without atypia - 1.35
± 0.07 e. a. did not show statistically significant differences. Therefore, the reactivation of
telomerase in endometrial cells can confirm the elongation of telomere length in proliferative
stage, and thus increase the capacity for cells’ division, and on the other hand, confirm the
telomerase ability to control cellular division in the endometrial tissue.
The data presented in the study coincide with the results of the studies (Dong Y., et al.,
2004), which determined the increase in hTERT mRNA signal in endometrial cancer and
atypical hyperplasia. While to a certain extent our data contradict the results of individual
researchers who found an increase in the expression of the hTERT gene in endometrial
carcinoma and the absence of changes in simple and atypical endometrial hyperplasia
(Mazurek et al., 2001). Perhaps these differences can be explained by the detection of
telomerase activity increase only at endometrium complex atypical hyperplasia, whereas there
was no observed difference in atypical hyperplasia.
According to the works published, similar results were obtained in the study of
telomerase activity in adenocarcinoma, proliferative, secretory and atrophic endometrium.
The authors also noted a slight telomerase activity in the proliferation phase and its increase
in carcinoma.
The discrepancy between the results obtained in normal and hyperplastic endometrium
can be caused by the difference in the methods used. Detailing the Telomerase activation
mechanisms detaling is difficult, because the main processes are studied mainly on the
cellular lines, which makes it difficult to interpret in vivo mechanisms [4, 6].
Cell malignancy is basically a multi-stage process that affects numerous chromosomal
changes, but not every damaged cell becomes malignant. In malignified cells, more than 10
mutations can occur. In most cases, defective cells die from either apoptosis or are destroyed
by the immune system cells [2, 7]. In some malignant cells telomerase can reactivates, which
supports the telomere length at a certain level necessary for their functioning.
Conclusions:
In endometrial cells with complex non-atypical hyperplasia immunohistochemically
manifested by weak coloration of Bcl-2 protein took place initial disturbances in the processes
of programmed cellular death. In complex hyperplasia with atypia in endometrial cells, a
significant increase in the intensity of Bcl-2 protein staining is found. These data indicate the
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predominance of inhibition of apoptosis in the endometrium, which can be regarded as a
trigger mechanism in the development of cellular atypia.
Thus, the definition of markers characterizing the disruption of the programmed death
of p53 and Bcl-2 can be regarded as predictors of cancer prognosis under hyperplastic
endometrial processes. These changes should be considered when choosing tactics and scope
of surgery, their dynamics for assessing the effectiveness of conservative therapy.
The establishment of statistically significant parallelism between the processes of
telomerase reactivation in endometrial cells at complex atypical hyperplasia and the existence
of telomerase activity in 85% of tumors allows to appraise it as a predictor of oncological
process. Telomerase’s activity marker should be taken into consideration when choosing
tactics and the scope of surgical treatment, and the dynamics of its activity should be used for
assessing the effectiveness of conservative therapy.
Prospects for the further researches: to conduct comparative studies on the diagnostic
accuracy of various methods, specify their use in clinical practice, and to search for complex
markers that determine the risk of malignancy.
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