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Abstract
Background. Endometrial cancers (EC) are a heterogeneous group of malignant neoplasms differing 
in etiology, clinical-pathological features and prognosis.

Objectives. To determine the differences between the expression of selected molecular factors and find 
connections between them in order to isolate possible biomarkers influencing treatment options.

Materials and methods. The investigated data involved archival histological preparations obtained from 
uterine EC samples taken from 137 patients, treated surgically between 2007 and 2014. The immunohisto-
chemical Dako EnVisionTM Flex+ method was applied.

Results. The expression of ERβ, MLH1 and BRCA1 was lower in ECI than in ECII patients. The ERα expres-
sion was higher in early Fédération internationale de gynécologie et d’obstétrique (FIGO) (IA) stages than 
in advanced (IB-IV) stages, while ERβ expression was significantly higher in advanced stages compared 
to stage IA and increased with grading. The BRCA1 expression also increased with grading. In both type 
I and type II EC patients, ERα expression correlated with MYH9 and BRCA1, while ERβ expression correlated 
with BAP expression. High expression of BRCA1 correlated with several proteins: BAP, MYH9 and FAK. High 
BAP expression also correlated with high MYH9 expression. A correlation in the expression of these proteins 
was also demonstrated in the group consisting only of patients with ECI. A significant correlation was found 
between BAP expression and MYH9 among patients diagnosed with ECI. In the ECII group, no correlation 
was found between the tested proteins.

Conclusions. The ECI and ECII patients differed in the studied molecular factors, mainly in terms of ER and 
BRCA1 expression. Changes in BRCA1 expression were linked to alterations in BAP expression, but were also 
associated with the proteins MYH9 and FAK.
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Background

According to global epidemiological statistics, endome-
trial cancer (EC) is the 6th most common cancer in women. 
There were over 380,000 new cases of EC in 2018, repre-
senting 4.4% of all female malignancies diagnosed that 
year. The age-standardized rate of EC per 100,000 women 
is the highest in Belarus, followed by the Samoan Islands 
(24.9 and 24.8, respectively). Poland ranks 12th in the in-
cidence of EC.1 In the last 10 years, the incidence of EC 
has increased significantly in many geographical regions 
of the world, including Europe.2,3

Bokhman’s hypothesis has led to  the  identification 
of 2 basic types of EC: ECI and ECII. The ECI, which 
is characterized as endometrioid, is associated with a good 
prognosis and constitutes the large majority of patients, 
while ECII, which is non-endometrioid, occurs less fre-
quently than ECI and has a more clinically aggressive 
course and poor prognosis.2,4

The molecular characteristics of ECI include mutations in 
the PTEN suppressor gene and β-catenin encoding CTNNB1 
gene, as well as changes in PIK3CA signaling and in MMR 
genes (mismatch repair).2,5–7 The ECII is  characterized 
by mutations in the TP53, HER-2 neu and BRCA genes.8,9

According to Setiawan et al., the risk factor profiles for 
both EC types are quite similar, suggesting that they share 
some common etiologic pathways.5 Long et al. studied 
1170 cases of EC (including types I and II) and found that 
the germline MMR mutations typical of Lynch syndrome 
were present in 1.4% of ECI and 1.6% of ECII patients.10 
Molecular changes in ECI and ECII were the reason for 
genomic analysis (TCGA), in which at least 4 EC subtypes 
were isolated.11

Epidemiological and genetic studies also indicate a rela-
tionship between the development of endometrial serous 
cancer, ECII and BRCA 1/2 mutations.12,13 A relationship 
was also found between the BRCA1 suppressor and BAP1 
(BRCA-associated protein-1), which has suppressor ef-
fects. This link may affect the etiology of the pathogen-
esis of BRCA-dependent cancers.14,15 The full spectrum 
of BAP1-dependent tumors is constantly updated, as new 
associations with other genes are discovered.16–18

Cytoplasmic tyrosine kinase, a product of the FAK (focal 
adhesion kinase) gene located at chromosome 8q24, partici-
pates in processes facilitating the progression of malignant 
tumors, including EC.19 Deregulation of the biological func-
tion of FAK is involved in cell migration, angiogenesis, cell 
growth, expression of anti-apoptotic proteins and, more 
prominently, in the invasion and metastasis of cancer.20,21 
Upregulation of FAK is observed in both endometrial hyper-
plasia and carcinoma.21,22 Tsai et al. suggested that the par-
ticipation of FAK in the migration of EC cells is induced 
by estrogens.23

Further research is underway regarding ECI and ECII 
susceptibility to gene mutations and the isolation of bio-
markers for early EC detection. So far, no relationship has 

been described between MYH9 mutations and EC. How-
ever, the results of studies on the expression of MYH9 pro-
tein in ovarian and lung cancer indeed have shown clinical 
and prognostic value.24–26 Studies indicate that the MYH9 
gene located at chromosome 22q12 may act as a suppressor 
gene in cancer. This gene codes for MYH9 (non-muscle 
myosin IIA), an actin-binding protein that is responsible 
for the normal structure of the cytoplasm and is involved 
in cell division, adhesion and motility, which is critical for 
cancer invasiveness and metastasis.27,28 Further research 
is ongoing to better understand the prognosis and pro-
gression of these cancers and their relation to proteomic 
biomarkers and microRNAs.29,30

Objectives

This study aimed to  determine differences between 
the expression of selected molecular factors in EC and 
to find potential relationships between them in order to iso-
late possible biomarkers influencing treatment options.

Materials and methods

Samples

This article is based on a retrospective multicenter study 
of EC patients. The data consist of archival histological 
preparations from 137 patients with endometrial carcino-
mas surgically treated between 2007 and 2014.

Of the 137 EC patients, 33 (24.1%) were diagnosed with 
stage IA, 36 (26.3%) with stage IB, 34 (24.8%) with stage II, 
21 (15.3%) with stage III, and 13 (9.5%) with stage IV. Staging 
was performed according to Fédération internationale de 
gynécologie et d’obstétrique (FIGO) staging system (2009).

In the examined group, ECI was found in 106 patients 
(77.4%), while ECII was found in  31 (22.6%) patients. 
Among the patients diagnosed with type II EC, there were 
18 patients with the serous type (13.4%), 11 patients with 
clear cell type (8.3%) and 2 patients with mucous tissue 
type (1.4%) (Table 1).

Well-differentiated endometrial cancer (histological 
grading G1) was diagnosed in 32 patients (23.4%), inter-
mediate G2 type in 53 patients (38.7%) and poorly differ-
entiated G3 type in 52 patients (37.9%) (Table 1).

The average age of all patients enrolled in the study was 
65.8 years. The average age was 65.3 years (44–83 years) 
in patients with ECI and 67.5 years (34–83 years) in women 
with ECII (group difference in mean age p > 0.05; Table 1).

Immunohistochemistry

Tissue material was fixed in  10% buffered formalin 
at pH 7.4 and placed in a processor. The tissue was embed-
ded in paraffin at 60°C using standard histopathological 
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methods. The  marked paraffin blocks were sliced us-
ing a microtome into 4–5-μm thick sections. The sec-
tions were then fixed to microscope slides and left for 
1 h at 60°C. The Dako EnVisionTM FLEX + system (Dako, 
Santa Clara, USA) and the immunohistochemical method 
were used. High pH Target Retrieval Solution (Dako) was 
used as the buffer in the PT-link apparatus (Dako) at a tem-
perature of 97°C for 20 min.

Antibodies

To test for the presence of antigens in the tissue, the fol-
lowing antibodies were used: ERα (D-12, clone sc-8005; 
Santa Cruz Biotechnology, Santa Cruz, USA), ERβ1 (clone 
MSK042-05; Zytomed Systems, Berlin, Germany), BRCA1 
(clone MS110; Abcam, Cambridge, UK), MLH1 (clone 
ES05; Leica Biosystems, Buffalo Grove, USA), and BAP1 
(clone C-4; Abcam). Immunoperoxidase staining was per-
formed on a Dako Autostainer Link 48 apparatus (Dako).

Polyclonal antibodies (Thermo Fisher Scientific, 
Waltham, USA) were used to determine MYH9 and FAK 
tumor markers. Sections were incubated with 1 antibody 

for 20 min. In the case of the FAK antibody, the Dako rabbit 
linker was used for 15 min. Dako EnVisionTM FLEX/HRP 
was used with an incubation time of 20 min, and the sec-
tions were then incubated with EnVisionTM FLEX DAB 
+ Chromogen for 5  min. Immunoperoxidase staining 
was performed manually at room temperature. To assess 
the intensity of ER, MLH1, BRCA1, BAP, MYH9, and FAK 
protein staining, a four-point scale was used as follows:

0 no reaction;
+ reaction of  1–50 immunopositive cells (nucleus 

or cytoplasm);
++ reaction of 50–75 immunopositive cells; and
+++ reaction of 75–100 immunopositive cells.
Staining was assessed in 10 fields of view. Preparations 

exhibiting ++ or +++ staining were considered to represent 
a positive reaction.

Statistical analyses

Data are presented as numbers and their correspond-
ing percentages n (%). The statistical analyses were based 
on Pearson’s χ2 test or Fisher’s exact test. Where sub-tables 
2 × 2 or larger contingency were analyzed, the p-values 
were adjusted using Benjamini–Hochberg correction. 
The frequency of high protein expression in the analyzed 
groups is presented as the odds ratio (OR) and 95% confi-
dence interval (95% CI). All tests were considered signifi-
cant at p < 0.05. The statistical analysis was performed 
using PQStat v. 1.8.2 software (PQStat Software, Poznań, 
Poland).

Results

ERα, ERβ, MLH1, BRCA1, and BAF protein manifested 
nuclear reactions, whereas MYH9 and FAK presented cy-
toplasmic immunohistochemical reactions (Fig. 1–3).

In EC cells, high protein expression of ERα was found 
in  37.2% of  patients, ERβ in  25.6% of  patients, MLH1 
in 30.7% of patients, BRCA1 in 54.8% of patients, BAP 
in 63.5% of patients, MYH9 in 59.1% of patients, and FAK 
in only 3.7% of all patients.

The  EC patients were divided into 2 groups based 
on  the histopathological type: ECI (n = 106) and ECII 
(n = 31), which included patients with serous, clear cell 
and mucous carcinomas.

ERβ and MLH1 expression was lower in the subgroup 
of patients with ECI (22% compared to 44.3%, p = 0.021; 
OR = 2.71, 95% CI [1.14, 6.43]; 52.1% compared to 77.2%, 
p = 0.013; OR = 3.16, 95% CI [1.25, 8.01], respectively). 
In the case of BRCA1, positive expression of this protein 
was higher among ECII patients (ECI 24.5% compared 
to ECII 51.6%, p = 0.004; OR = 3.28, 95% CI [1.43, 7.54]). 
No statistically significant differences were found in ERα, 
BAP, MYH9, or FAK expression between the subgroups 
(all p > 0.05, Table 2).

Table 1. Clinicopathologic characteristics of studied patients with 
endometrial cancer

Clinical staging (FIGO) Number of patients 

Adenocarcinoma endometrioides (n = 106)

IA 28

IB 32

II 24

III 13

IV 9

Adenocarcinoma serosum G3 (n = 18)

IA 4

IB 3

II 7

III 4

Adenocarcinoma clarocellulare G3 (n = 11)

IA 1

IB 1

II 2

III 4

IV 3

Adenocarcinoma mucinosum (n = 2)

II 1

IV 1

Histological grading (n = 137)

G1 32

G2 53

G3 52

FIGO – Fédération internationale de gynécologie et d’obstétrique (FIGO) 
staging system.



A. Markowska et al. Expression of selected molecular markers in EC1060

Patients with EC were divided according to the clinical 
stage of the disease into early (IA) and later (IB-IV) stages. 
Statistically significant changes only related to ER pro-
tein expression. Significantly higher ERα expression was 
found in patients at the earliest IA disease stage compared 
to those at more advanced stages (IA 54.8% compared 
to IB–IV 33.7%, p = 0.034; OR = 0.42, 95% CI [0.18, 0.95]). 
An inverse relationship was determined for ERβ (IA 9.7% 
compared to IB–IV 32.3%, p = 0.013; OR = 4.46, 95% CI 
[1.26, 15.76]; Table 3).

This relationship was also present in the subgroup of pa-
tients with ECI (ERα: IA 57.7% compared to IB–IV 34.7%, 
p = 0.040; ERβ: IA 7.7% compared to IB–IV 27.0%, p = 0.042). 
However, no such relationship was demonstrated for pa-
tients with ECII (p > 0.05; Table 3). In the total population 
of patients with EC, tumors with high histological maturity 
showed significantly lower ERβ expression than poorly differ-
entiated tumors (G1 19% compared to G3 37.3%, p = 0.023).

Tumors of  intermediate G2  histological malignancy 
were characterized by lower expression of BRCA1 protein 

Table 2. Percentage of endometrial cancer cases showing high expression of tested protein in ECI and ECII cells

 Protein ECI ECII *p-value OR 95% CI

Erα, n (%) 41 (40.6) 10 (32.3) 0.404 0.69 [0.67, 1.63]

Erβ, n (%) 22 (22) 13 (43.3) 0.021 2.71 [1.14, 6.43]

MLH1, n (%) 51 (52.1) 24 (77.2) 0.013 3.16 [1.25, 8.01]

BRCA1, n (%) 26 (24.5) 16 (51.6) 0.004 3.28 [1.43, 7.54]

BAP, n (%) 66 (62.3) 21 (67.7) 0.577 1.27 [0.54, 2.58]

MYH9, n (%) 65 (61.3) 16 (51.6) 0.333 0.67 [0.30, 1.51]

FAK, n (%) 3 (2.8) 2 (6.5) 0.344 2.37 [0.38, 14.85]

* p-value of χ2 or Fisher’s exact test; OR – odds ratio; 95% CI – 95% confidence interval. Values in bold are statistically significant.

Fig. 1. High expression of ERα 1 (A), ERβ (B) and MLH1 (C) in endometrial adenocarcinoma (magnification ×10)

Fig. 3. Positive expression of MYH9 (A) and 
FAK (B) in endometrial adenocarcinoma 
(magnification ×20)

Fig. 2. High expression of BRCA1 (A) and 
BAF (B) in endometrial adenocarcinoma 
(magnification ×20)
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compared to G3 undifferentiated tumors (G2 20.8% com-
pared to G3 44.2%, p = 0.030). In the examined group 
of patients, no relationship was found between the degree 
of ERα, MLH1, BAP, MYH9, and FAK expression and tu-
mor histological grade (all p > 0.05; Table 4). Among all 
examined patients with EC, we observed that high expres-
sion of ERα was associated with high expression of MYH9 
protein (OR = 2.1, 95% CI [1.0, 4.5], p = 0.046) and with 
the presence of BRCA1 protein (OR = 2.1, 95% CI [1.0, 4.5], 
p = 0.047). High ERβ expression was associated with high 
BAP protein expression (OR = 3.37, 95% CI [1.28, 6.8], 
p = 0.007).

High BRCA1 expression was associated with high BAP 
protein expression (OR = 4.1, 95% CI [1.67, 10.2], p = 0.001), 
high MYH9 protein expression (OR = 3.6, 95% CI [1.55, 8.3], 
p = 0.002), and high FAK protein expression (OR = 28.01, 
95% CI [1.5, 519.2], p = 0.002). High BAP expression was 
associated with high MYH9 protein expression (OR = 3.5, 
95% CI 1.7– 7.3, p < 0.001).

Among patients with ECI, high ERβ expression was 
associated with high BAP expression (OR = 4.4, 95% CI 
[1.2, 16.1], p = 0.017) and high FAK expression (OR = 9.1, 
95% CI [0.9, 414.5], p = 0.047). High BRCA1 expression 
was associated with high expression of MYH9 (OR = 6.9, 
95% CI 1.9–25, p = 0.001), BAP (OR = 4.5, 95% CI [1.4, 
4.3], p = 0.007) and FAK (OR = 24, 95% CI [1.2, 481.1], 

p = 0.013). High BAP expression was associated with high 
MYH9 expression (OR = 3.6, 95% CI [1.6, 8.3], p = 0.002).

There was no association between expression of indi-
vidual proteins among patients with ECII.

Discussion

Endometrial cancer is a molecularly heterogeneous ma-
lignant neoplasm that can present with diverse morbidity, 
clinical-pathological features and clinical course.2,11,29,30 
The majority of patients in this study (77.4%) were diag-
nosed with ECI, while the remainder were diagnosed with 
ECII (22.6%).

The  determined expression of  ERα and ERβ values 
showed different relationships with the clinical-patho-
logical features of EC. Their diverse roles in type I EC 
and type II EC have been indicated in numerous stud-
ies.31,32 We found no differences in ERα expression between 
histological type (ECI compared to ECII) or histological 
grading of the cancer (G). However, the values of ERα ex-
pression in our study differed significantly between stages 
according to the FIGO system. ERα expression was higher 
in stage IA FIGO compared to IB–IV (54.8% compared 
to 33.7%, Table 3). In a previous study, Backes et al. showed 
that advanced stage (according to FIGO) patients were 

Table 3. Percentage of endometrial cancer cases showing high expression of the tested protein depending on the stage of cancer (IA compared to IB-IV, 
according to FIGO)

Protein FIGO IA FIGO IB-IV *p-value OR 95% CI

Erα, n (%) 17 (54.8) 34 (33.7) 0.034 0.42 [0.18, 0.95]

Erβ, n (%) 3 (9.7) 32 (32.3) 0.013 4.46 [1.26, 15.76]

MLH1, n (%) 15 (51.7) 60 (60.0) 0.911 1.05 [0.47, 2.32]

BRCA1, n (%) 10 (30.3) 32 (30.8) 0.959 1.02 [0.44, 2.39]

BAP, n (%) 21 (63.6) 66 (63.5) 0.985 0.99 [0.44, 2.23]

MYH9, n (%) 22 (66.7) 59 (56.7) 0.312 0.66 [0.29, 1.49]

FAK, n (%) 2 (6.1) 3 (2.9) 0.594 0.46 [0.07, 2.88]

*p-value of χ2 or Fisher’s exact test. OR – odds ratio; 95% CI – 95% confidence interval; FIGO – Fédération internationale de gynécologie et d’obstétrique 
(FIGO) staging system. Values in bold are statistically significant.

Table 4. The percentage of endometrial cancer cases showing high expression of a given protein depending on the grading (G1 compared to G2 
compared to G3)

 Protein G1 G2 G3 p-value
*p-value G1 
compared 

to G2

*p-value G1 
compared 

to G3

*p-value G2 
compared 

to G3

Erα, n (%) 13 (44.8) 19 (37.3) 19 (36.5) 0.738 0.759 0.759 0.940

Erβ, n (%) 3 (10) 13 (26.5) 19 (37.3) 0.028 0.114 0.023 0.250

MLH1, n (%) 19 (65.5) 25 (51) 31 (60.8) 0.403 0.488 0.674 0.488

BRCA1, n (%) 8 (25) 11 (20.8) 23 (44.2) 0.024 0.649 0.114 0.030

BAP, n (%) 21 (65.6) 33 (62.3) 33 (63.5) 0.952 0.899 0.899 0.899

MYH9, n (%) 23 (71.9) 30 (56.6) 28 (53.8) 0.236 0.239 0.239 0.776

FAK, n (%) 0 (0) 0 (0) 5 (9.6) 0.017 1.000 0.227 0.081

*p-value of χ2 or Fisher’s exact test adjusted with Benjamini–Hochberg correction. OR – odds ratio. Values in bold are statistically significant.
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characterized by ERα expression that was more frequently 
negative compared to patients at earlier stages.31 In their 
study, 88.6% of the patients in group I FIGO expressed 
ERα. Other authors have also described a reduction of ERα 
expression along with rising disease stage.34 According 
to Sho et al., ERα expression in ECII is associated with 
advanced cancer and worse prognosis.33

In our study, high ERα expression (higher in IA FIGO) 
was significantly correlated with high expression of MYH9 
protein and the presence of BRCA1 protein. This may 
suggest that both the protein encoded by the suppressor 
MYH9 and the protein encoded by the suppressor BRCA1 
perform their functions at early clinical stages.10,16,27

Although many studies have reported ERβ involvement 
in EC carcinogenesis, the data on the correlation of ERβ 
expression with disease stage and histological grading 
remain divergent.34,35 Our results showed significantly 
higher ERβ expression in type II EC (Table 2) compared 
to type I EC, as well as higher expression in advanced FIGO 
stages (Table 3) and in poorly differentiated cancers (G3 
compared to G1) (Table 4). Thus, high ERβ expression 
may be related to aggressive cancers with worse prognosis. 
Similarly, in the study by Obata et al., high ERβ expression 
was correlated with an aggressive EC course, metastasis 
and/or recurrence.36

In our study, high ERβ expression was correlated with 
high BAP expression in the whole group of patients. In type 
I EC patients, we also showed a significant correlation with 
high BAP and FAK expression. The explanation for this 
correlation may be the association of ECII with BRCA mu-
tations and the confirmed effect of BAP-1 on BRCA.9,15–17 
In other studies, FAK activity was also reported to be in-
creased in higher EC stages as well as in undifferentiated 
cancers, i.e., G3.22,37

One of the examined proteins in our study was MLH1, 
which is a product of a gene associated with Lynch syn-
drome. Of the  2 most common mutations occurring 
in Lynch syndrome, we chose MLH1 because, according 
to Lynch and de la Chapelle, the MLH1 mutation occurred 
in 47% of patients with hereditary colorectal cancer com-
pared to 19% of those with a mutation in MSH2.38 MLH1 
expression was significantly lower in type I EC compared 
to type II EC patients, which may indicate that the MLH1 
mutation is more common in ECI. We found no differ-
ence in expression depending on the clinical stage of FIGO 
or grading. We also found no correlation between MLH1 
expression and other proteins.

The relationship between BRCA1 mutations and ECII 
has been previously reported.9,12 In our study, BRCA1 ex-
pression was significantly higher in ECII compared to ECI 
patients. This suggests that either our patients with ECII 
did not have the BRCA1 mutation or that we detected inac-
tive proteins; the latter possibility would require further 
testing. We also found that BRCA1 expression was sig-
nificantly increased in cancers at G3 compared to can-
cers at G2, which could be an effect of including all ECII 

patients in the G3 group, which is the typical histological 
grade for this type of cancer.7,9 A significant correlation be-
tween the expression of BRCA1 and the expression of other 
proteins was strongly evident. BAP and MYH9 correlations 
were described in all of the study groups.

In the group of patients with type I EC in our study, there 
was not only a significant correlation between high expres-
sion of BRCA1, MYH9 and BAP, but also with the expres-
sion of FAK. As shown in a review by Silver and Livingston, 
BRCA1 interacts with many proteins by modifying their 
function.39 The  correlation of  BRCA1 expression with 
FAK expression may be of clinical significance. This is due 
to the fact that FAK expression is also associated with a more 
aggressive EC type, including undifferentiated G3 cancer.22,37

The BAP1 protein is a product of the suppressor BAP1 
gene. It  regulates key cell pathways like the cell cycle, 
transcription and signaling DNA damage and also partici-
pates in inhibiting the growth of BRCA-dependent cancer 
cells.14,40 We did not find differences in BAP1 expression 
between ECI and ECII groups or between different stages 
or grading of cancer.

Regarding the other molecular factors, we noted a signif-
icant correlation with BAP1 (ERβ and BRCA1). We found 
that high BAP expression significantly correlated with high 
MYH9 expression in the entire group of patients as well 
as in the subgroup of patients with ECI. According to Fu-
kuda et al., there is a functional correlation between BAP 
and BRCA1 proteins.15 In our study, we showed a correla-
tion between high expression of ERα, MYH9 and BRCA1. 
It can therefore be speculated that BAP interacts with 
many proteins using, among other features, its deubiqui-
tinating ability.40

To  the best of our knowledge, this paper is  the  first 
to study MYH9 expression in EC. The estimated expres-
sion of MYH9 did not differ depending on EC type (I or II), 
stage or histological grading (G); for all the parameters 
mentioned, staining was intensive and exceeded 50% 
(Tables 2–4). However, we showed that high expression 
of  ERα, BRCA1 and BAP correlates significantly with 
high MYH9 expression. Therefore, our research indi-
cates a possible functional relationship between MYH9 
and the BRCA1 and BAP suppressor genes, and an indirect 
relationship with estrogen receptors. These possibilities 
require further studies.

According to numerous studies, increased FAK expres-
sion plays a negative role in EC; it is correlated to FIGO 
disease stage and shows an increase with decreasing his-
tological maturity of cancer (e.g., a significant increase 
in G3).22,37

Limitations

In our study, FAK expression was low; this concerns both 
the FIGO stage and grading in the entire study group (ECI 
and ECII). In a study by Gabryel et al., FAK expression 
was evident in 89% of 134 EC cases.37 By contrast, in our 
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study, FAK expression was positive in 3.7% of all patients, 
with highest perceptible expression in patients with G3 
grading (9.6%). However, the correlation results showed 
that FAK expression is associated with BRCA1 expression, 
both in the entire study group and in individual EC types. 
In addition, in patients with type I EC, high ERβ expres-
sion correlated significantly with FAK expression. Tsai 
et al. noted a relationship between FAK activity and ER 
activity in established EC cell lines, but they demonstrated 
an effect of ERα that we did not find in our study.23 Thus, 
the results of our research regarding the expression of FAK 
require more extensive study, as they dispute the results 
of other authors.22,23,37

Conclusions

Among patients with EC, increased expression of ERβ 
protein was found in patients with ECII, as well as in pa-
tients with higher clinical stages and low histological ma-
turity. The latter finding may be associated with a worse 
prognosis. Higher ERα protein expression was also evident 
in patients with FIGO IA, while higher MLH1 protein ex-
pression was observed in ECI. The expression of BRCA1 
protein was higher in patients with ECI and correlated with 
BAP, MYH9 and FAK expression. Our results showed high 
FAK protein expression in only 3.7% of EC cases – mainly 
in patients with low histopathological differentiation (G3). 
The clinical significance of these relationships and poten-
tial applications for treatment require further study.
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