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ABSTRACT. The high frequency of hyperplastic processes of the endometrium (EН), the lack of proper 

effectiveness of hormonal therapy, and the possibility of their malignancy place EH among the most relevant 

issues in modern medicine. The clinical significance of EH lies in the fact that they are one of the most common 

causes of uterine bleeding and hospitalization of women. It is known that along with hormonal disorders, other 

activators of proliferative activity, such as growth factors, proliferation and apoptosis markers, and extracellular 

matrix components, play a significant role in the developmentofEН. 

The study investigated the immunohistochemical markers in the endometrial tissue of reproductive-aged women 

with endometrial hyperplasia without atypia who were diagnosed with recurrent hyperplasia without atypia after 

6 months of continuous therapy with a daily dose of 200 mg of progesterone. The following markers were selected 

for the study: PR, ER, p21, dcl-2, KI-67, eNOS, cycl-D1, BAX, b-catenin, E-cadgerin і Caspasa3, whose 

expression was examined by immunohistochemical methods before and after therapy. The control group consisted 

of women with secretory changes in the endometrium. The expression of receptors for PR, ER, p21, dcl-2, KI-67, 

eNOS, cycl-D1, BAX, b-catenin, E-cadgerin і Caspasa3 was studied primarily in women with non-neoplastic 

endometrial lesions (hyperplasia without atypia) and may be of greater significance in predicting the risk of 

progression and recurrence. 

Objective. The aim of the study was to determine changes in the expression of immunohistochemical markers 

in the endometrium in cases of hyperplasia without atypia before and after the use of progesterone therapy, and 

to identify the most predictive markers for therapy response. 

Results. The histological examination revealed significant changes in the endometrial biomarkers after therapy 

in women with no response to the treatment. The expression of receptors in the endometrium after therapy showed 

the following indicators: ER: a 20 % increase in glandular cells compared to baseline and a 63.3 % increase 

compared to the control group. In stromal cells, there was a 63.3% increase compared to baseline. PgR: An 85 % 

decrease compared to baseline. An 85 % decrease compared to the control group. p21: A 114 % increase in 

glandular cells compared to baseline and a 5% increase in stromal cells. Overall, there was a 29.3 % increase in 

expression compared to the control group. bcl-2: An 80 % decrease compared to baseline in glandular cells and a 

90 % decrease compared to baseline in stromal cells. Ki-67: A 114 % increase compared to baseline in glandular 

cells and an expression more than 67% higher than the control group. eNOS: A 69 % increase compared to 

baseline in glandular cells and an 85% increase compared to baseline in stromal cells. Cyclin D1: A 15% increase 

compared to baseline in both glandular and stromal cells. BAX: A 10 % increase compared to baseline in both 

glandular and stromal cells. Beta-catenin: Remained stable compared to baseline in both glandular and stromal 

cells. E-cad: A 50% increase compared to baseline in glandular cells and a 60% increase compared to baseline in 

stromal cells. Caspasa3: Showed a 76 % increase compared to baseline and an 80 % increase after therapy in 

stromal cells, which may be associated with increased apoptosis processes. 

Conclusions. 1. Markers ER, PgR, b-catenin, p21, cyclin D1, Ki-67, Caspase-3 demonstrated differences 

between the non-glandular endometrium (EH) group and the control group in the glandular component, and ER, 

PgR, b-catenin in the stromal component (all p<0.05). This provides a basis for their use as primary diagnostic 

markers. 2. Markers ER, b-catenin, p21, cyclin D1, Ki-67, eNOS showed differences between the NGE group 

after treatment and the control group in the glandular component, and ER, b-catenin, and eNOS in the stromal 

component (all p<0.05). This supports their use as primary diagnostic markers. 3. Markers PgR, Ki-67, 

Caspase- 3, eNOS demonstrated differences between the NGE group before therapy and the control group in the 
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glandular component, and eNOS in the stromal component (all p<0.05). This indicates their potential as primary 

diagnostic and prognostic markers. 4. Bcl-2 and BAX markers did not show statistically significant differences in 

the study groups, suggesting their inability to be used individually as diagnostic or prognostic markers for 

endometrial hyperplastic processes. Interpretation of the expression results of these markers should consider them 

in conjunction with other indicators.     

Key words: endometrium, receptors, endometrial hyperplasia, immunohistochemistry, receptors, resistance 

to progesterone, relapse 
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Introduction  
Endometrial hyperplasia (EH) is a condition 

of the endometrium characterized by excessive 

proliferation of glandular and stromal 

components, often clinically manifesting as 

abnormal uterine bleeding. EH has clinical 

significance, especially in women of 

reproductive age, and the reversal of 

hyperplasia to normal endometrium is a key 

goal of conservative treatment, crucial for 

preventing EH recurrence and progression to 

adenocarcinoma. Currently, cyclic progesterone 

therapy in a prolonged regimen is an effective 

method of treating EH without atypia, 

significantly improving the effectiveness of 

reversing the endometrium compared to 

expectant management [1]. However, definitive 

treatment standards for EH have yet to be 

established. This is because there are increasing 

reports of a certain percentage of treatment 

failures in EH using pathogenetically justified 

progesterone therapy. Such failure rates can 

exceed 20%, leading to recurrences or even 

disease progression [3-6]. An unresolved issue 

at present is why pathogenetically justified 

therapy is sometimes ineffective for non-

atypical endometrial hyperplasia. 

Primarily, the treatment of endometrial 

hyperplasia should be aimed at controlling 

symptoms such as heavy bleeding and the 

associated anemia, preventing recurrences, and 

halting the progression to endometrial cancer 

(EC) [7]. However, the risk factors predicting 

recurrence and progression EC of  in women 

with endometrial hyperplasia are inadequately 

studied. Therefore, this study was directed 

towards investigating molecular markers and 

factors that influence the recurrence of 

endometrial hyperplasia, leading to decreased 

sensitivity to progestin therapy. 

In reality, most EH without atypia are benign 

proliferations due to continuous exposure to 

estrogen, whereas atypical endometrial hyperplasia 

and EC are neoplastic lesions characterized by 

specific underlying mutations [11]. 

For this reason, there has been a growing 

interest in recent years in studying clinical, 

visual, histological, and molecular factors that 

may influence treatment outcomes [12]. 

Immunohistochemistry, which is the most 

commonly used tool for assessing tissue 

markers for diagnosis, prognosis, and treatment 

of various diseases [13], has played a crucial 

role in this field. Although a large number of 

immunohistochemical markers have been 

evaluated, their utility remains unclear. The 

expression of receptors for some markers 

typically changes in different forms of EH with 

atypia/EH compared to EH without atypia 

[14,15]. In some studies, it is reported that the 

expression of sex hormone receptors and 

molecular markers of intercellular interaction 

can be used in predicting the recurrence of 

endometrial hyperplasia and the development of 

endometrial cancer [8-10]. The study of the 

expression of receptors for PR, ER, p21, dcl-2, 
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KI-67, eNOS, cycl-D1, BAX, b-catenin, E-

cadgerin і Caspasa3 was mainly conducted in 

women with neoplastic lesions of the 

endometrium (EH with atypia and EC) and may 

be more relevant in women with EH without 

atypia for predicting the risk of progression and 

recurrence. 

Objective   
The aim of this research is to determine 

changes in the detection of 

immunohistochemical markers in the 

endometrium in patients with endometrial 

hyperplasia without atypia before and after the 

use of progestins. Specifically, this study 

focuses on those patients who experienced a 

recurrence of the condition within 6 months of 

progestin therapy.  

The primary objectives are to identify 

predictive markers for the response to progestin 

therapy and to compare the 

immunohistochemical profile of the 

endometrium before and after progestin 

treatment, assessing potential changes in the 

expression of various markers and evaluating the 

effectiveness of progestin treatment for 

endometrial hyperplasia. Additionally, the study 

aims to establish potential correlations between 

identified immunohistochemical markers and 

disease recurrence.  

Materials and methods 

The study was conducted on morphological 

material obtained from endometrial diagnostic 

biopsies of women with abnormal uterine 

bleeding (AUB) in the gynecological department 

of City Clinical Hospital No. 9 in Dnipro, 

between 2020 and 2022. The study design and all 

methodologies used in the research were 

approved by the ethics committee of the 

mentioned institution and complied with the 

Helsinki Declaration. 

Inclusion criteria for the study cohort were as 

follows: women aged 32 to 45 years (mean age 

38.4±2.55), the presence of endometrial 

hyperplasia without atypia confirmed by 

histological examination performed in a certified 

ISO 9001-2000 standard laboratory of 

pathomorphology and immunohistochemistry at 

Dnipro State Medical University, using standard 

techniques. Exclusion criteria included the 

presence of inflammatory pelvic diseases, uterine 

and ovarian pathological tumors, uterine 

endometriosis, severe somatic pathology, any 

form of endocrinopathy, and metabolic 

syndrome. The mean body mass index was 

27.83±1.96 kg/sm2. 

For immunohistochemical (IHC) analysis, 40 

endometrial samples were collected from women 

with AUB by endometrial scraping and 

subsequent histological examination of the 

endometrium. Another set of samples was 

collected from the same women after six months 

of therapy for endometrial hyperplasia without 

atypia, where a recurrent diagnosis of 

endometrial hyperplasia was made. All women 

received continuous oral administration of 100 

mg micronized progesterone twice daily for 6 

months. A follow-up biopsy, with a repeat 

determination of  IHC markers, was performed 

after 6 months.  

The control group comprised 20 women with 

secretory changes in the endometrium diagnosed 

in the initial diagnostic study, who did not 

undergo any therapy and were only observed.  

For the research, the following methods were 

used: 

Histological Examination Method: Fixed in 

formalin and paraffin-embedded tissue samples 

were obtained from the archive of Dnipro 

Clinical Hospital No. 9. Paraffin sections of 4-

5μm were obtained using a Microtome Microm 

HM-340 and stained with standard hematoxylin 

and eosin. Microscopy was performed using a 

ZEISS "Primo Star" light microscope (objectives 

×10, ×20, ×40). Microphotographs were 

obtained using a Zeiss Primo Star microscope 

camera - AxioCam ERC 5s with licensed 

software ZEN 2 blue edition. 

Such markers as to ER, PgR, E-cadherin, β-

catenin, p21, bcl- 2, BAX, Caspase 3, Cyclin D1, 

Ki-67, eNOS. 

Biomarkers such as ER (estrogen receptors), 

PgR (progesterone receptors), E-cadherin, β-

catenin, p21, bcl-2, BAX, caspase 3, cyclin D1, 

Ki-67, and eNOS are important in the diagnosis, 

treatment, and prognosis of cancer. 

ER and PgR are receptors for the hormones 

estrogen and progesterone, respectively. 

Estrogen and progesterone are female sex 

hormones that play important roles in the 

development and function of the female body. 

ER and PgR are found in many types of tissues, 

including the breast, uterus, ovaries, and bones. 
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E-cadherin is a protein that binds cells 

together. It plays an important role in 

maintaining tissue structure. E-cadherin is often 

decreased in cancer cells, which can lead to their 

proliferation and spread. 

β-catenin is a protein that is involved in signal 

transduction from ER and PgR. β-catenin is often 

increased in cancer cells, which can lead to their 

proliferation and spread. 

p21 is a protein that inhibits the cell cycle. It 

plays an important role in preventing 

uncontrolled cell growth. p21 is often decreased 

in cancer cells, which can lead to their 

proliferation. 

bcl-2 is a protein that protects cells from 

death. It plays an important role in regulating 

apoptosis, the process of cell death. bcl-2 is often 

increased in cancer cells, which can lead to their 

survival and spread. 

BAX is a protein that promotes cell death. It 

plays an important role in regulating apoptosis. 

BAX is often decreased in cancer cells, which 

can lead to their survival and spread. 

Caspase 3 is an enzyme that triggers the 

process of cell death. It plays an important role 

in regulating apoptosis. Caspase 3 is often 

decreased in cancer cells, which can lead to 

their survival and spread. 

Cyclin D1 is a protein that regulates the cell 

cycle. It plays an important role in regulating 

cell growth. Cyclin D1 is often increased in 

cancer cells, which can lead to their 

proliferation. 

Ki-67 is a protein that is expressed in cells 

that are dividing. It plays an important role in 

regulating cell growth. Ki-67 is often increased 

in cancer cells, which can lead to their 

proliferation. 

eNOS is an enzyme that produces nitric 

oxide. Nitric oxide is a molecule that relaxes 

blood vessels and reduces inflammation. eNOS 

is often decreased in cancer cells, which can 

lead to their proliferation and spread. 

These biomarkers are often used in the 

diagnosis and treatment of cancer. For 

example, ER and PgR can be used to determine 

whether cancer is estrogen-sensitive or 

progesterone-sensitive. E-cadherin and β-

catenin can be used to predict the risk of cancer 

recurrence. p21, bcl-2, BAX, caspase 3, and 

cyclin D1 can be used to determine the stage of 

cancer and prognosis. Ki-67 and eNOS can be 

used to assess the activity of cancer. 

Immunohistochemical Examination 

Method: Paraffin sections were mounted on 

adhesive slides SuperFrost Plus. After 

deparaffinization, rehydration, antigen retrieval, 

and endogenous peroxidase suppression, 

sections were incubated with primary antibodies 

in humid chambers. Primary monoclonal 

antibodies to ER (sp1, RTU), PgR (YR85, 

1:200), E-cadherin (EP700Y, RTU), β-catenin 

(E247, RTU), p21 (sp1, RTU), bcl-2 (EP36, 

RTU), BAX (sp1, RTU), Caspase 3 (sp1, RTU), 

Cyclin D1 (EP12, RTU), Ki-67 (sp6, RTU), 

eNOS (sp1, RTU), and the UltraVision Quanto 

visualization system (LabVision) were used for 

the study. To identify the reaction, a solution of 

3,3'-diaminobenzidine tetrahydrochloride 

(DAB) chromogen (LabVision) was applied 

under microscope control for 20 seconds to 3 

minutes, resulting in brown staining, followed by 

additional counterstaining with Mayer's 

hematoxylin for 1-3 minutes. Subsequent 

dehydration and mounting were performed 

according to established methods [16]. 

Following the recommendations of Antunes 

A. et al. (2014), the expression of ER and PR 

was assessed in the stroma and glandular 

epithelium of endometrial tissues using a semi-

quantitative method of nuclear reaction by 

analyzing the percentage of stained cells, the 

intensity of nuclear staining, and the final 

evaluation. The calculation was done in 100 

cells from different fields of view under a ×40 

objective. The percentage of stained cells was 

visually evaluated and classified as follows: 

grade 0, no staining; grade 1, <1% staining; 

grade 2, 1-10% staining; grade 3, 11-33% 

staining; grade 4, 34-66% staining; and grade 

5, >66% staining [17].  

Following the recommendations of 

Ahmed  R. H. et al. (2014), the level of 

expression of E-cadherin and β-catenin was 

measured using a scale that combines the 

intensity of immunoreactions with the 

percentage of positive cells. Cells present in 

four high-power fields at ×400 magnification 

were counted and evaluated in each case. The 

intensity of immunoreactions was indicated as 

negative, weakly positive, moderately positive, 

or strongly positive. These four categories 

were weighted as 0, 1, 3, and 10, respectively. 

The final score was calculated by multiplying 

the intensity of immunoreaction by the 

percentage of positive cells [18].
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According to the recommendations of Peiró 

G. et al. (2001), the expression of oncoproteins 

bcl- 2, BAX, and caspase-3 was assessed using 

a semi-quantitative evaluation based on 

intensity and staining degree: (0) - no 

immunostaining, (1+) for weak positive 

staining (low or faint), (2+) - moderate staining 

found in some cells, and (3+) - strong positive 

staining. Immunostaining results were 

evaluated with respect to the approximate 

percentage of positive tumor cells (<10 %, 

10 % to 50 %, >50 %) and the relative intensity 

of immunostaining (0, 1+, 2+, 3+), which was 

present in most or all cells [19]. 

Following the recommendations of Brucka 

A. et al. (2009), the expression level of p21 and 

cyclin D1 was measured quantitatively as the 

percentage of immunopositive cells among 

1000 glandular cells and 1000 stromal cells, 

expressing the index of immunoreactivity of 

cell cycle markers in percentages [20]. 

The Ki-67 proliferation index and eNOS 

were divided into three groups, including low 

(Ki-67 ≤ 15 %), moderate (Ki-67, 16-30 %), 

and high (Ki-67 > 30%) [20, 21]. 

Statistical analysis of the obtained results 

was conducted using Microsoft Office 365 A1 

for faculty software (product key 

№1003BFFD8C8E8B0D). Parametric analysis 

was used. The calculations included the 

arithmetic mean (M) and standard error of the 

mean (m). The probability of differences was 

assessed using the Student's t-test. The chi-

square (χ²) test was employed to compare 

qualitative characteristics. Differences were 

considered statistically significant at p < 0.05 

(95 % level of significance) [22]. 

Results of the study 

Regardless of the initial response to therapy, 

all women in this study were under long-term 

observation with an average follow-up time of 

12 ± 2 months. 

Analyzing each biomarker's detailed 

relative changes in the glands and stroma of the 

endometrium in different groups (Figure 1 and 

Figure 2) before the start of therapy in 

comparison to the control group: 

ER: The level of ER expression in the 

glands significantly increased by 20% after 

therapy compared to baseline values and the 

control group. This indicates a positive 

response to therapy in the glands, which may 

be associated with increased sensitivity of the 

glands to estrogen after treatment. 

The level of ER increased by 63.3 % 

(p < 0.05) after therapy in the stroma, which 

may suggest a positive effect of therapy on the 

stroma and could be related to greater 

sensitivity of the stroma to the action of 

progesterone. 

PgR: The level of PgR expression in the 

glands significantly decreased after therapy, 

indicating the suppression of the expression of 

this biomarker. This may be associated with the 

binding of receptors to progesterone and their 

inactivation, followed by an increase in their 

expression. The 85% decrease in PgR (p<0.05) 

may suggest reduced sensitivity of the glands 

to progesterone after therapy. 

The level of PgR decreased to 15 % 

(p < 0.05) after therapy in the stroma, which 

may indicate changes in the progesterone 

response of the stroma to therapy. 

р21: The level of p21 in the glands 

increased significantly after therapy compared 

to baseline values by 114 % and compared to 

the control group by 29.3 % (p < 0.05). This 

may indicate increased cell proliferation in the 

glands after treatment. 

The level of p21 increased by 5 % (p ≤ 0.05) 

after therapy in the stroma, which may suggest 

increased cell proliferation in the stroma after 

treatment, by 48 % (p < 0.05). 

bcl-2: The level of bcl-2 significantly 

decreased after therapy, both in the glands by 

80 % (p < 0.05) and in the stroma by 90 % 

(p < 0.05). This decrease in bcl-2 levels may 

indicate reduced antagonistic activity of this 

biomarker, which promotes apoptosis. 

Ki-67: The level of Ki-67 significantly 

increased after therapy, both in the glands by 

114 % (p < 0.05) and in the stroma by 67 % 

(p < 0.05). This suggests increased cellular 

proliferation after treatment. The level of Ki-

67 significantly decreased in the stroma after 

therapy, indicating reduced cell proliferation in 

the stroma. 

eNOS: The level of eNOS significantly 

increased by 69 % (p < 0.05) after therapy in 

the glands. This increase in eNOS may be 

associated with an elevated level of 

angiogenesis in the glands following treatment.  
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The level of eNOS significantly increased by 

85 % (p < 0.05) after therapy in the stroma. 

cycl D1: The level of cyclin D1 increased 

slightly after therapy in the glands by 15 % 

(p < 0.05) and also increased slightly in the 

stroma by 12 % (p < 0.05). These findings 

suggest changes in the regulation of the cell 

cycle, potentially indicating alterations in the 

cell cycle control mechanisms in response to 

therapy. 

BAX: The level of BAX increased by 10 % 

(p < 0.05) after therapy both in the glands and 

in the strom. This increase in BAX may be 

associated with an enhancement of apoptosis 

(programmed cell death) in the glands.  

b-cat: The level of β-catenin (b-cat) 

remained stable in both the glands and stroma 

after therapy (p<0.01). 

E-cad: The level of E-cadherin (E-cad) 

increased after therapy, both in the glands by 

50 % (p < 0.05) and in the stroma by 60 % 

(p < 0.05). This suggests changes in cellular 

adhesion in both the glands and stroma in 

response to therapy. 

Caspasa3: The level of Caspase-3 

significantly increased after therapy, both in 

the glands by 76% (p<0.05) and in the stroma 

by 80% (p<0.05). This suggests an increase in 

apoptosis (programmed cell death) processes 

in both the glands and stroma in response to 

therapy.  

The overall significance of these results is 

that therapy has a different impact on the 

glands compared to the stroma of the 

endometrium. This difference may reflect the 

complex interaction between the cells of both 

components during treatment. These data 

emphasize the need for further study and 

monitoring of these changes after therapy, as 

well as the importance of an individualized 

approach to treatment. Understanding how 

therapy affects different components of the 

endometrium can lead to more tailored and 

effective treatment strategies.

 

 

 

Fig. 1. The level of expression of immunohistochemical markers in endometrial glands Research group (EН) before 

therapy and after therapy (n=40), control group (n=20) 
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Fig. 2. The level of expression of immunohistochemical markers in the stroma in the absence of an effect from EН 

progestin therapy Research group (EН) before therapy and after therapy (n=40), control group (n=20) 

Based on the analysis conducted, there were 

observed certain changes in the expression of 

immunohistochemical markers both in the 

glands and stroma of the endometrium in the 

group after therapy compared to the group 

before therapy. 

Overall, the results indicate an impact on the 

level of biomarkers associated with cell growth, 

apoptosis, and cell adhesion. These changes 

may be of interest as indicators of therapy 

effectiveness and may reflect various factors 

influencing the cells. Understanding these 

changes in biomarker expression can provide 

insights into the response to treatment and 

potentially guide further therapeutic strategies.  

Discussion 

In recent years, a large number of 

immunohistochemical markers have been 

evaluated in both normal and hyperplastic 

endometrium. However, their utility for the 

diagnosis and prediction of EH recurrence 

remains unclear. The expression of receptors for 

some markers typically varies in different forms 

of EH with atypia/EC compared to EH without 

atypia [13-15]. The expression levels of 

receptors for PR, ER, and markers such as p21, 

bcl-2, KI-67, eNOS, cyclin D1, BAX, b-catenin, 

E-cadherin, and Caspase3 were predominantly 

investigated in women with neoplastic lesions 

of the endometrium (EH with atypia and 

carcinoma) and may be of greater significance 

in women with EH without atypia, for 

predicting the risk of progression and recurrence 

in the next 5 years. 

In summary, the role of the expression of 

various biomarkers in endometrial hyperplasia 

can lead to the following conclusions: 

ER and PgR are steroid hormone receptors 

that play an important role in regulating the 

functions of the endometrium. Reduced 

expression of ER and PgR can contribute to the 

development of endometrial hyperplasia and 

endometrial cancer [23]. In our study, EH 

without atypia and secretory endometrium had a 

relatively high expression of ER, indicating 

their ability to respond to hormonal therapy. 

However, atypical EH partially lost ER 

expression in the stroma, which may be a sign 

of changes in estrogen responsiveness and 

suggest a potential risk of developing 

endometrial cancer. Regarding PgR, a similar 

pattern was observed, with secretory 

endometrium and EH without atypia showing 

high PgR expression, indicating their ability to 

respond to progestin therapy. However, non-

secretory EH lost PgR expression, especially in 

the stroma, which may indicate a disruption in 

progesterone responsiveness and an increased 

risk of endometrial cancer. 

E-cadherin and b-catenin are cell adhesion 

molecules that play an important role in 

regulating cell adhesion and invasion. Reduced 

expression of E-cadherin and increased 

expression of b-catenin are associated with an 

increased risk of developing endometrial 

hyperplasia and endometrial cancer [24]. In our 

study, secretory endometrium and EH without 

atypia showed positive membranous expression 

of E-cadherin in the glands. However, atypical 
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EH reduced the expression of E-cadherin in 

both glands and stroma, which may indicate 

disturbances in cell adhesion and potential 

tissue instability. 

Regarding the b-catenin marker, aberrant 

expression was observed in EH samples with 

membranous-cytoplasmic reactivity and excess 

expression, which may suggest disruptions in 

the Wnt/b-catenin signaling pathway and 

potential activation of non-canonical signaling 

mechanisms. 

p21 is an inhibitor of cyclin-dependent kinases 

and plays an important role in regulating the cell 

cycle. Reduced expression of p21 is known to be 

associated with an increased risk of developing 

endometrial hyperplasia and endometrial cancer 

[24]. 

bcl-2 and BAX are proteins that play a 

crucial role in the regulation of cellular 

apoptosis. Reduced expression of BAX and 

increased expression of bcl-2 can contribute to 

the development of endometrial hyperplasia and 

endometrial cancer [25]. 

Furthermore, an increase in the expression 

level of Ki-67 indicates an increase in the 

proliferative activity of the endometrium, which 

may be associated with the development of 

hyperplasia. Animal studies have shown that 

estrogen inhibitors can reduce the expression 

level of Ki-67 and prevent the development of 

endometrial hyperplasia [26]. Caspase 3 is a key 

factor in cellular apoptosis, or programmed cell 

death. This protein promotes the breakdown of 

cellular proteins, leading to cell death. In the 

endometrium, reduced expression of Caspase 3 

can contribute to excessive proliferation and 

hyperplasia. 

The change in the expression of markers such 

as p21, Bcl-2 (except for individual cells), BAX 

(weak expression), Caspase 3 (excessive 

expression in atypical EH), and eNOS 

(excessive expression in atypical EH) indicates 

disruptions in various cellular processes, 

including regulation of the cell cycle, apoptosis, 

and vascularization. Moreover, changes in the 

expression of immunohistochemical markers 

can influence the development of EH by altering 

the balance between proliferative and apoptotic 

cell activity, disrupting the β-catenin signaling 

pathway, and causing endothelial dysfunction 

due to eNOS dysfunction. However, research on 

the mechanisms of endometrial hyperplasia 

development and the role of these markers in 

this process is still ongoing and requires further 

detailed investigation [27]. 

Immunohistochemical markers such as ER, 

PgR, E-cadherin, β-catenin, p21, Caspase 3, 

Cyclin D1, Ki-67, and eNOS can be valuable 

tools for studying the development of 

endometrial hyperplasia and endometriosis. 

Combining these markers can provide more 

precise information about changes in 

endometrial cells and their relationship with the 

development of hyperplastic processes in the 

endometrium [28].  

The study of immunohistochemical markers 

in the endometrium indicates a complex 

network of interrelationships among them, 

which may reflect various mechanisms involved 

in the development of endometrial hyperplasia 

and its progression to cancer. Therefore, for a 

more detailed understanding of these 

mechanisms, further research involving a larger 

number of patients and a wider range of markers 

is needed. 

Summarizing the analysis of biomarker 

changes when using progestagens, the following 

conclusions can be made: 

ER, PgR, p21, Ki-67, cyclin D1, E-cadherin, 

Caspase3: Provided that these biomarkers 

increase in response to the positive effect of 

therapy, it is expected that their values in the 

"After Therapy" group will be higher compared 

to the "Before Therapy" group. The control 

group may have values close to the baseline 

since they did not receive therapy. 

bcl-2, b-cat: If these biomarkers decrease due 

to therapy, it is expected that their values in the 

"After Therapy" group will be lower compared 

to the "Before Therapy" group. The control 

group may have values similar to the baseline. 

eNOS, BAX: The values of these biomarkers 

may change due to therapy, but the direction of 

these changes may vary for different individuals 

or groups. Comparing the "After Therapy" 

group with the "Before Therapy" group can 

determine the overall health of the group after 

therapy. 

Ki-67: This is a biomarker of cell 

proliferation. Typically, lower Ki-67 levels 

indicate reduced cell division activity after 

therapy. 

Caspase3: This is a biomarker of apoptosis, 

or programmed cell death. Increased Caspase3 

levels may indicate increased cell death as a 

result of therapy. 
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Summarizing the data from the conducted 

study, it can be concluded that therapy has 

different effects on the glands compared to the 

stroma of the endometrium, which may reflect a 

complex interaction between the cells of both 

components during treatment. 

These data emphasize the need for further 

study and monitoring of these changes after 

therapy, as well as an individualized approach 

to treatment. 

Conclusions 

1. Markers ER, PgR, b-catenin, p21, cyclin 

D1, Ki-67, and Caspase-3 (all p<0.05) 

demonstrated differences between the non-

secretory endometrium  group and the control 

group in the glandular component, as well as 

ER, PgR, and b-catenin (all p<0.05) in the 

stromal component, providing a basis for their 

use as primary diagnostic markers. 

2. Markers ER, b-catenin, p21, cyclin D1, Ki-

67, and eNOS (all p<0.05) showed differences 

between the NSE group after treatment and the 

control group in the glandular component, and 

ER, b-catenin, and eNOS (all p<0.05) in the 

stromal component, supporting their use as 

primary diagnostic markers. 

3. Markers PgR, Ki-67, Caspase-3, and eNOS 

(all p<0.05) demonstrated differences between 

the NSE group before therapy and the control 

group in the glandular component, and eNOS 

(p<0.05) in the stromal component, indicating 

their potential as primary diagnostic and 

prognostic markers. 

4. Bcl-2 and BAX markers did not show 

statistically significant differences between the 

study groups, suggesting their inability to be 

used individually as diagnostic or prognostic 

markers for endometrial hyperplastic processes. 

Interpretation of the expression results of these 

markers should consider them in conjunction 

with other indicators. 
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ДОСЛІДЖЕННЯ ІМУНОГІСТОХІМІЧНИХ МАРКЕРІВ ПРИ РЕЦИДИВІ 

ГІПЕРПЛАЗІЇ ЕНДОМЕТРІЮ БЕЗ АТИПІЇ У ЖІНОК РЕПРОДУКТИВНОГО ВІКУ 

ПІСЛЯ ЛІКУВАННЯ ПРОГЕСТІНАМИ 

А – концепція та дизайн дослідження; B – збір та/або збірка даних; C – аналіз та інтерпретація даних; D – написання статті; E – 
критична доопрацювання статті; F – остаточне затвердження статті 

Анотація. Висока частота гіперплазії ендометрію, відсутність належної ефективності від 

гормональної терапії, а також ймовірність їх озлоякісності ставить гіперплазії ендометрію в ряд 

найбільш актуальних проблем сучасної медицини. Важливе клінічне значення ГЕ полягає в тому, 

що вони є однією з найчастіших причин маткових кровотеч та госпіталізації жінок до стаціонару. 

Відомо, що істотна роль у формуванні ГЕ, поряд з гормональними порушеннями, приділяється 

іншим активаторам проліферативної активності - факторам росту, маркерам проліферації та 

апоптозу, компонентам екстрацелюлярного матриксу.  

Проведено дослідження імуногістохімічних маркерів в тканині ендометрія у жінок 

репродуктивноого віку з ГЕ без атипії у яких після проведенної терапії з використанням прогестинів 

на протязі 6 місяців в безперервному режимі в дозі 200 мг на добу та була знов діагностована ГЕ без 

атипії. Для дослідження були обрані такі маркери як: PR, ER, p21, dcl-2, KI-67, eNOS, cycl-D1, BAX, 

b-catenin, E-cadgerin і Caspasa3, експресію яких досліджували імуногістохімічним методом до 

початку і пісял проведенної терапії. Контрольну групу склали жінки з секреторними змінами 

ендометрю. Дослідження експресії рецепторів до PR, ER, p21, dcl-2, KI-67, eNOS, cycl-D1, BAX, b-

catenin, E-cadgerin і Caspasa3 досліджувалися в основній мірі  у жінок з неопластичними ураженнями 

ендометрія  (ГЕ з атипією і раком ендометрію) і можуть бути цікавими і більш значущими у жінок 
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з ГЕ без атипії, для прогнозування ризику прогресування і прогнозування рецидивів. 

Мета. Метою дослідження стало визначення змін у виявленні імуногістохімічних маркерів в 

ендометрії при ГЕ без атипії до та після застосування прогестинів, у яких через 6 міс. терапії з 

застосуванням прогестинів був діагностований рецидив захворювання, для вивлення найбільш 

прогностичних маркерів щодо прогнозування відповіді на терапію з застосуванням прогестинів. 

Результати. За результатами гістологічного обстеження виявлено важливі зміни в біомаркерах 

ендометрія після терапії у жінок з відсутністю ефекту від проведенної терапії. Експресія рецепторів 

в  ендометрії після проведенної терапії показала наступні показники: ER: в залозах відбулося 

зростання на 20% порівняно зі стартовими значеннями та було збільшене на 63,3% порівняно з 

групою контролю. В стооЗростання на 63,3% порівняно зі стартовими значеннями в стромі. PgR: 

Зниження на 85% порівняно зі стартовими значеннями. Зниження на 85% порівняно з групою 

контролю. p21: Зростання на 114% порівняно зі стартовими значеннями в залозах та зростання на 5% 

порівняно з значеннями в стромі. Загальне зростання експресії на 29,3% порівняно з групою 

контролю. bcl-2: зменшення на 80% порівняно зі стартовими значеннями в залозах та зменшення на 

90% порівняно зі початковими значеннями в стромі. Ki-67: зростання на 114% порівняно з 

початковими значеннями в залозах та експресія більше на 67% порівняно з групою контролю. eNOS: 

зростання на 69% порівняно з початковим рівнем в залозах та зростання на 85% порівняно з 

початковими значеннями в стромі. cycl D1: Зростання на 15% порівняно зі початковими  значеннями 

як в залозах так і в стромі. BAX: Зростання на 10% порівняно з початковими значеннями як в залозах 

так і в стромі. b-катенін: залишився стабільним порівняно з початковими значеннями в залозах і 

стромі. E-cad: зростання на 50% порівняно з початковими значенням в залозах, та зростання на 60% 

порівняно з початковими значеннями в стромі. Caspasa3: виявилося зростання на 76% порівняно з 

початковими значеннями та 80% після терапії в стромі, що може бути пов'язано зі збільшенням 

процесів апоптозу. 

Висновки. 1. Різницю між групою НГЕ та контрольною групою секреторного ендометрія в 

залозистом компоненті продемонстрували маркери ER, PgR, b-catenin, p21, cyclin D1, Ki-67, Caspasa-

3, а в стромальному компоненті - ER, PgR, b-catenin (всі р<0,05), що дає підставу використовувати їх 

в якості основних діагностичних маркерів. 2. Різницю між групою НГЕ після проведенного лікування  

та контрольною групою секреторного ендометрія в залозистом компоненті продемонстрували 

маркери ER, b-catenin, p21, cyclin D1, Ki-67, eNOS, а в стромальному компоненті - ER, b-catenin та 

eNOS, що дає підставу використовувати їх в якості основних діагностичних маркерів.3. Різницю між 

групою НГЕ до проведенної терапії та групою та контрольною групою в залозистом компоненті 

продемонстрували маркери PgR, Ki-67, Caspasa-3 eNOS, а в стромальному компоненті - eNOS, що 

дає підставу використовувати їх в якості основних діагностичних і прогностичних маркерів. 4. 

Маркери Bcl-2 та BAX не показали статистично достовірної різниці в групах дослідження, що 

говорить про неможливість використання їх окремо в якості діагностичних або прогностичних 

маркерів для гіперпластичних процесів ендометрія, а інтерпритацію результатів експресії цих 

маркерів необхідно враховувати в сукупності з іншими показниками.     

Ключові слова: ендометрій, рецептори, гіперплазія ендометрія, імуногістохімія,  рецептори, 

резистентність до прогестерону, рецидив 
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