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Abstract

:

Endometrial cancer (EC) is one of the most common types of cancer in Poland and worldwide. Many risk factors lead to the pathogenesis of this disease, such as lifestyle choices, BMI, the medicines used in breast cancer therapy, and Lynch syndrome. EC cells show the expression of estrogen receptors (ERs) and progesterone receptors (PgR). These receptors occur in multiple isoforms and have a significant influence on the operation of cells. The loss of ER and PgR expression is associated with a poor prognosis. We assessed tissue slides that were obtained from 103 women with EC diagnoses of various grades, stages, and histological types. In this study, we used computer image analyses to increase the objectivity of the assessment. We proved that, in the tissue of patients with high-grade (G3) EC, the expression of PgR is significantly lower than that in the tissues of patients with low-grade EC. We also observed that PgR is significantly expressed in EC with a low FIGO stage and in the endometroid type of EC (which rarely becomes malignant compared to serous type). The expression of ERb1 was lower in patients with EC at the IV FIGO stage than in patients with stage III EC. These findings confirm that the loss of ER and PgR expression is connected with a poor prognosis.
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1. Introduction


The Polish National Cancer Register shows that there were 5286 cases of uterine corpus cancer reported in Poland in 2020, which is 7.11% of all cancers found in the country. Moreover, 1811 deaths caused by uterine corpus cancer were reported in 2020, which constitutes 3.98% of all cancer deaths reported in Poland that year [1]. One of the most common types of cancer in women in Poland and worldwide is endometrial cancer (EC) [2].



Lifestyle choices have a significant effect on the risk posed by endometrium cancer. A high BMI correlates with type I EC [3]. The risk factors for EC also include the following: a sedentary lifestyle, diabetes, metabolic syndrome, a low fertility rate, or meat consumption, especially red meat [4,5].



Type I EC is hormone-dependent, and its occurrence is influenced by the excessive stimulation of the endometrium by estrogen [3,6]. Tamoxifen, an estrogen-receptor-selective modulator that is used in breast cancer treatment, has an unfavorable influence on the endometrium and can lead to carcinogenesis [4].



The risk of endometrial cancer is also increased in women with Lynch syndrome (hereditary non-polyposis colorectal cancer) [7].



Endometrial cancer can be classified depending on its grade, stage, and histological type. The Bokhman classification includes two histological types: I—endometrioidal and II—non-endometrial; serous, clear cell, or low differentiated [8].



Type I EC is hormone-dependent and is of a low grade (G1/G2) and low FIGO stage (I-II). The mutation of the PTEN (phosphatase and tensin homologue), KRAS (Kirsten rat sarcoma virus homologue), CTNNB1 (β-catenin coding), PIK3CA (phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha), and ARID1A (AT-Rich Interaction Domain 1A) genes and changes in the MSI (microsatellite instability) occur more often in type I EC than in type II EC. Type II EC is usually of a high grade and high FIGO stage. In type II EC, the mutation of the TP53 (tumor protein 53), HER2 (human epidermal growth factor 2), or PPP2R1A (protein phosphatase 2A) genes often occurs [8,9,10,11].



An alternative method used to subdivide endometrial cancer comprises an analysis of the variability in the polymerase e, MSI, p53 and L1CAM. These subtypes are as follows: POLE ultramutated; MSI hypermutated; copy number—high; and copy number—low [12,13].



1.1. Estrogen Receptors and Progesterone Receptors


Estrogen receptors have two isoforms: ERα and ERβ. These isoforms are encoded by genes with different loci: ERα at 6q25.1, and ERβ at 14q23.2 [14]. Based on the length of the polypeptide chains and the weight of the proteins, these isoforms can be divided into ERαΔ3, ERα46, ERα36, ERβ1, ERβ2, ERβ3, ERβ4, and ERβ5 (Figure 1) [15]. Structurally, ER proteins consist of the following domains: the N-terminal, the DNA-binding domain, and C-terminal. The N-terminal domain is the most specific domain for each isoform (16% similarity between ERα and ERβ), and its structure includes the ligand-independent activation domain AF1 (which is involved in the transcriptional activation of target genes). The DNA-binding domain is an intermediate between the binding receptor and DNA in estrogen response elements (EREs); it is also the most conservative domain (97% similarity between ERα and ERβ). ERs also have an influence on the genes in EREs via the following transcription factors: AP-1, Sp1, and NF-κβ. The C-terminal domain exhibits a 59% similarity between ERα and ERβ, and its composition includes the ligand-dependent activating domain AF2 [14,16].



Progesterone receptors can be found in the nuclear isoforms PgR-A and PgR-B, the mitochondrial isoform PgR-M, and other shorter isoforms such as PgR-C, PgR-T, and PgR-i45 (Figure 2). PgR can also exist in the form of progesterone receptor membrane components (PGRMC). The gene coding PgR-A and PgR-B is located in locus 11q22-q23, and the difference in its construction is a result of the transcription using different promoter sequences [17,18,19].



PgRs are nuclear receptors whose binding ligand exists within the cytoplasm. After binding with the PgR-A and PgR-B ligands, they first dissociate from the heat shock proteins and then relocate to the nucleus, where dimerization occurs. This complex in the nucleus binds with the transcription coactivators and progesterone response elements (PREs) within the target gene promoter, leading to the activation of transcription. The same complex binds with the corepressors within the target gene promoter and affects the suppression of transcription. In the case that the PREs leak, PgRs are still able to provide an indication of transcription; this is in cooperation with other DNA-binding transcription factors, namely AP-1, Sp1, STAT5, and NF-κβ [18].



The association between the loss of PgR and the expression of ERs with a poor prognosis in patients with EC has been shown [20]. This suggests that these changes correlate with the metastasis of lymph nodes and the risk of recurrence. Busch et al. found that there is an association between changes in the expression of ERs and PgR and improvements in the condition of treated patients [21].




1.2. The Aim of This Study


The purpose of this study was to analyze the expression of the estrogen receptors ERα and ERβ1 and progesterone (PgR) in endometrial cancers of the uterus using computer microscopic image analysis, as well as to evaluate the diagnostic value of the above parameters and the methodology used.





2. Materials and Methods


This study was approved by the Bioethics Committee of the Karol Marcinkowski University of Medical Science in Poznan. It was conducted in compliance with the Declaration of Helsinki. The Bioethics Committee’s statement of 16 January 2020 confirmed that the character of this study was not that of a medical experiment. This study did not need to be assessed by the Bioethics Committee, according to Good Clinical Practice (GCP) and Polish law. Each participant in the study gave informed consent.



The subjects of this experiment were 103 patients diagnosed with endometrium cancer (EC) in the years 2007–2014. Two of them (1.9%) were diagnosed with clear cell-type EC, fifteen (14.6%) were diagnosed with serous-type EC, and eighty six (83.5%) were diagnosed with endometrioidal-type EC. The histological EC type was assessed by pathologists according to the participants’ tissues and cell morphology. The grading distribution was as follows: G1—24 (23.3%), G2—37 (35.9%), and G3—42 (40.8%). In total, 49 patients (47.6%) were diagnosed with stage I EC; 23 patients (22.3%) were diagnosed with stage II EC, 16 patients (15.6%) were diagnosed with stage III EC, and 15 patients (14.6%) were diagnosed with stage IV EC. The EC stage was assessed based on the FIGO International Federation of Gynecologycal and Obstetrics system, which was updated in 2009.



Endometrial cancer tumors comprise cancer cells that form glandular tubules. Depending on the degree of differentiation and the cytological features observed, three grades can be distinguished:




	
Stage I—well-differentiated cancer. This is composed almost exclusively of glandular tubules. Solid fields do not constitute more than 5% of the weave.



	
Stage II—moderately differentiated cancer. Solid fields constitute 6% to 50% of the tumor tissue.



	
Stage III—poorly differentiated cancer. Solid fields occur in more than 50% of the tumor tissue. Greater mitotic activity and greater cell polymorphism are also observed.








The fragments of endometrium tissue that were collected during the surgical treatment were studied. The tissues were fixed in 10% formalin and then placed in paraffin blocks, which were used to make 5 μm thin scraps. Then, the scraps on the slides were deparaffinized and rehydrated in a range of alcohols, using distillated water at the end. Next, the slides were stained with hematoxylin for 5 min, flushed with tap water, and put into the water with a few drops of a saturated solution of lithium carbonate; this was performed until the nuclei turned blue. Then, the slides were stained with eosin for 1 min, flushed with distillated water, and dehydrated in a range of alcohols, using xylen at the end. The patients were diagnosed during the treatment process according to the hematoxylin–eosin-stained slides.



The slides used for the analyses were then immunohistochemically stained with the following specific antibodies: ERα (Santa Cruz Biotechnology, Santa Cruz, CA, USA sc-8005, clone D-12), ERβ1 (Zytomed Systems, Berlin, Germany MSK042-05, clone PPG5/10), and PgR (Dako, Santa Clara, CA, USA M3569, clone 636). For this purpose, the slides were incubated in a water bath heated to at 96 °C in citrate buffer at pH 6.0 for 50 min. Endogenous peroxidase was blocked using H2O2. In the next step, the preparations were incubated with antibodies for 60 min, after which they were washed in TBS buffer for 10 min. The slides were incubated for 30 min using the EnVision system (DakoCytomation, K5007; Dako, Santa Clara, CA, USA). In order to visualize the reaction, 3,3′-diaminobenzydin (DAB-3,3) was used. The last part of the preparation involved staining the slides with Mayers hematoxylin, performing dehydration and closing them with coverslips. An Olympus BX 43 microscope with a camera XC 30 (Olympus, Shinjuku, Tokyo, Japan) was used for the visual evaluation.



The morphometric analysis included the number of cells that were found to be immunopositive for all tested receptors that were detected in the immunohistochemical reactions: ERα, ERβ1, and PgR. Six images of the field of view were taken for each sample, at a total magnification of 400×. For every slide, areas with immunopositive cells were chosen. The desmoplasia area was included in the analysis if it was found in the immediate vicinity of the assessed region. The evaluation fields of the slides were obtained by moving the stage knob a ¼ turn along axis X or axis Y. Therefore, the creation of double pictures from one slide was prevented. Areas that exhibited necrosis or artifacts were excluded from the morphometric analysis. For this purpose, an Olympus BX 43 light microscope and an XC 30 digital camera were used. The phase analysis of the stained preparation was performed according to a program that performed the automatic detection of objects based on their color (brown chromogen DAB-3.3). Based on the established threshold values, automatic classification was performed using software. The microscope had been previously calibrated using a computer program. The obtained surface area values were expressed in μm2 Early malignant changes were absent in the women subjected to Aquafilling breast augmentation that was based on the E-cadherin and N-cadherin immunohistochemical expression [22].



The positive control used was an exact internal control for the immunohistochemical reaction. Similarly, the positive control used was the internal control for the immunohistochemical reaction. The slides without primary antibodies were used as the negative control.



The data obtained were subjected to statistical analysis. With regard to the clinical characteristics, the level of each marker between the subjects of the groups were compared, depending on the normality of the distributions (which was evaluated with the Shapiro–Wilk test). The mean, standard deviations or median; quartiles 1 and 3; and the range of results (minimum and maximum) for all distributions were obtained. For comparisons, both parametric and non-parametric tests were used: the Mann–Whitney U test or Student’s t-test was used for the comparison of two groups, and the Kruskal–Wallis test or ANOVA was used for the comparison of more than two groups. Post hoc analyses (conducted for significant Kruskal–Wallis test results) were performed according to Tukey’s method. The analysis assumed significance at a level of α = 0.05, and calculations were performed with the help of the R statistical software, version 4.2.1.




3. Results


The patients with clinical stage IV EC were characterized by significantly lower levels of the ERβ1 variable than those with clinical stage III EC (p = 0.005 for the analysis comparing all four groups, and p = 0.002 for the post hoc analysis) (Figure 3 and Table 1).



The patients with histological grade G3 EC had significantly lower levels of the PgR variable than the other two groups (p = 0.003 for the analysis comparing all three groups, p = 0.032 for G1 vs. G3, and p = 0.005 for G2 vs. G3). The clinical stage of EC also differed with regard to the level of the PgR variable among the patients (p = 0.008 for the comparison of all four groups). Patients with stage I EC had significantly higher levels of the PgR variable than those with clinical stage II and IV EC (p = 0.028 for I vs. II and p = 0.035 for I vs. IV).



Significantly higher levels of the PgR variable were observed among the patients with endometrioid adenocarcinoma than among those with serous adenocarcinoma (p = 0.029). Other analyses and post hoc comparisons were statistically insignificant (p > 0.050).




4. Discussion


In physiology, the higher expression of ERα occurs at the proliferative phase of the menstrual cycle. It upregulates the proliferation, migration, and angiogenesis of cells, and inhibits their apoptosis [16]. In early-stage EC, higher ERα expression has been observed [23].



Hapangama et al. concluded that ERβ plays an important role in the physical functions of the endometrium, so the lower expression of ERβ observed in our study is in accordance with these findings [24]. ERα and ERβ can act antagonistically: ERα promotes cell growth, while ERβ stimulates cell cycle progression and the expression of apoptosis genes [15]. Moreover, ERβ can inhibit ERα’s proliferative properties [14]. Wang et al. showed that the total pool of estrogen receptors decreases as the clinical stage increases [25]. These circumstances suggest that the downregulation of ERb1 expression we observed in stage IV EC is justified. The lack of a proper cell cycle guardian protein can promote the development of cancer. However, other studies have suggested that the expression of ERβ is upregulated in higher cancer stages. However, these authors differentiated the patients into two groups: patients exhibiting the IA FIGO stage and others exhibiting higher stages of EC; this narrows the interpretation of the results [23].



Despite the structural similarities in the DNA-binding domain, ERα and ERβ can affect the transcription of different gene sets, and can even operate antagonistically. The high expression of ERα correlates with the high expression of genes associated with proliferation. ERβ favors cell cycle progression and the expression of apoptosis genes. In addition, ERβ can inhibit 70% of the genes regulated by ERα. The regulation of ER transcription also takes place through gene coregulators. Coregulator sets differ significantly between isoforms α and β [15,16].



The role of PgR in carcinogenesis is not as clear. Wilson et al. suggest that the expression of PgR may be indicated by ARID1A and downregulation accompanied by EZH2 mediation [26]. Also, DNA methylation can influence PgR regulation [27]. It has been proven that the isoform PgR-A is able to block the transcription activity of ERs [28].



Consistent with our results, Arnett-Mansfield et al. found that PgR expression is downregulated in late-stage EC [29]. Reid-Nicholson et al. found lower PgR expression in grade III EC compared to lower-grade EC [30].



It is likely that the loss of PgR expression is a consequence of cancerous transformation. A lower PgR expression is connected with an increase in the relative abundance of estrogen receptors, which promote proliferation. In addition, studies have shown that the downregulation of PgR expression occurs in tumors, but in hyperplastic cells, the level of PgR expression is not significantly different from regular cells [29].



In our study, we observed significantly higher PgR expression in endometroid-type EC than serous-type EC. Markowska et al. noted similar results, with a higher expression of PgR in type I EC than type II EC [2]. The downregulated expression of PgR in serous-type EC may be connected with cell nuclei changes. The nucleus of endometroid-type EC compared with that of serous-type EC is moderately atypical, and metaplasia can sometimes be observed [10]. The nucleus of serous-type EC is clearly atypical, and is often pleomorphic, hyperchromic, and includes macronucleoli [31,32]. Studies have not only shown the lower expression of PgR in serous-type EC, but also the loss of ERs [33].



Studies have shown that estradiol may affect the expression of PgR via the expression of ERs. PgR genes include palindromic EREs [34]. EREs act as an anchor for ERα and help to recruit transcription factors [35]. This results in the upregulation of PgR expression. Interestingly, the effects that ERβ has on the expression of PgR are opposite to those of ERα. Stimulated ERβ has the ability to downregulate the expression of mRNA and the PgR protein [16]. In conclusion, the proteins we evaluated in this study are highly interdependent. The presence and functionality of estrogen receptors determine the effect that estradiol has on cells; in addition to the fact that ER isoforms compete with each other, estradiol affects the ability of ERs to regulate the expression of PgR. The increase or decrease in PgR expression therefore depends on the ERα:ERβ ratio (Figure 4).



Our results have been confirmed by many of the researchers we have mentioned in this study, despite occasional differences in the conclusions drawn. However, in this study, we used an alternate research method and confirmed its effectiveness. Furthermore, the computer microscopic image analysis employed was faster and less tiring for the researcher. The unparalleled advantage of this method is that it reduces the negative impact of less experienced researchers performing a subjective evaluation. In conclusion, using computer microscopic image analysis in immunohistochemistry enables more slides to be assessed more quickly and objectively.




5. Conclusions


	
The downregulated expression of ERβ1 in the tissue of patients diagnosed with EC could suggest grade III cancer;



	
The downregulated expression of PgR in the tissue of patients diagnosed with EC could suggest grade III cancer. Meanwhile, a high expression of this receptor can indicate stage I stage or Adenocarcinoma endometroides;



	
PgR can be a good prognostic and diagnostic tool when aiming to determine the EC grade, its prognosis, and its histological type;



	
Computer microscopic image analysis ensures that the assessment is objective and reduces the time required for analysis.
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Figure 1. ER isoforms based on Pinton et al. [15] and Jia et al. [14]. Their structures consist of the N-terminal domain (NDT), the DNA-binding domain (DBD), and the C-terminal ligand-binding domain (LBD). 
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Figure 2. PgR isoforms based on Islam et al. [18]. These are composed of the N-terminal domain (NTD), the DNA-binding domain (DBD), the H region, and the ligand-binding domain (LBD). 
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Figure 3. Endometrium with positive adenocarcinoma diagnosis stained immunohistochemically for PgR (A) and ERβ (B)—brown color. 
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Figure 4. Dependence of estrogen and progesterone receptors on each other. Estradiol stimulates ERα and Erβ; this is in addition to their effects on cell regulation and the expression of PgR. PgR is stimulated by progesterone, which, in addition to affecting cell metabolism, also decreases the expression of estrogen receptors. 
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Table 1. M—mean; SD—standard deviations; Me—median; Q1, Q3—quartile 1 and 3. The adenocarcinoma clarocellulare group was not included in the histological diagnosis due to an insufficient number of patients (n = 2). For analyses, the Mann–Whitney U test or Student’s t-test was used when comparing two groups, and the Kruskal–Wallis test was used when comparing more groups. Statistically significant results are in bold.
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Clinical Characteristics

	
M ± SD/Me (Q1; Q3)

	
P




	

	
ERα

	






	
Grading

	

	




	
  G1

	
2217.16 (818.47; 4118.53)

	
0.538




	
  G2

	
2080.48 (508.98; 3696.69)




	
  G3

	
1781.10 (180.61; 3102.98)




	
FIGO staging

	

	




	
  I

	
2063.94 (922.12; 3919.11)

	
0.133




	
  II

	
919.42 (44.10; 2288.30)




	
  III

	
2486.85 (732.53; 4273.29)




	
  IV

	
1767.39 (262.35; 3902.94)




	
Histological type

	

	




	
  Adenocarcinoma endometroides

	
1977.05 (521.86; 3692.75)

	
0.596




	
  Adenocarcinoma serous

	
2251.14 (110.75; 3510.44)




	

	
ERβ1

	




	
Grading

	

	




	
  G1

	
1368.50 (319.29; 2623.64)

	
0.948




	
  G2

	
1652.46 (243.74; 4276.30)




	
  G3

	
1134.74 (240.61; 4816.59)




	
FIGO staging

	

	




	
  I

	
1293.68 (243.74; 3027.34)

	
0.005




	
  II

	
1109.56 (377.35; 4201.59)




	
  III

	
4798.04 (2267.15; 7489.39)




	
  IV

	
285.46 (64.20; 1752.23)




	
Histological type

	

	




	
   Adenocarcinoma endometroides

	
1698.21 (288.45; 4714.87)

	
0.231




	
   Adenocarcinoma serous

	
861.08 (191.28; 2541.03)




	

	
PgR

	




	
Grading

	

	




	
  G1

	
10,316.56 (8239.62; 12,331.57)

	
0.003




	
  G2

	
9981.14 (6659.41; 13,416.16)




	
  G3

	
5289.84 (2235.35; 10,22