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Abstract. The aim of the present study was to examine the 
protein expression levels of E‑, N‑ and P‑cadherin, which 
are involved in the proliferation of neoplastic cells, in cancer 
tissue from patients with endometrial cancer. Furthermore, the 
present study aimed to investigate the effect of these proteins 
on clinicopathological parameters. Immunohistochemistry 
was performed to detect the protein expression levels of the 
aforementioned cadherins in 38 primary endometrial tumors, 
20 metastatic tumors (nine metastases to the lymph nodes and 
11 distant metastases) and five cases of atypical hyperplasia as 
the control group. It was found that the E‑, N‑ and P‑cadherin 
proteins in hyperplastic endometrial lesions with atypia were 
weakly expressed in the cytoplasm, while the expression 
levels of E‑, N‑ and P‑cadherin proteins, in endometrial cancer 
tissue, were located in the membrane and/or in the cytoplasm, 
and was found to be unevenly distributed. Furthermore, 
increased expressed level of the three cadherin proteins was 
observed at the tumor front, as opposed to in the main mass, of 
endometrial cancer tumor. It was demonstrated that membrane 
expression levels of the 3 cadherin proteins were lower in 
metastatic cancer cells compared with that in the primary 
tumor cells. In addition, a significantly higher cytoplasmic 
expression level of E‑cadherin and increased membranous and 
cytoplasmic expression of P‑cadherin, were associated with 
high‑grade tumor budding. Furthermore, a higher percentage 
of P‑cadherin membrane expression level was associated with 
poorly differentiated cancer cell types. The present results 
suggested that the increased membrane expression level of 
E‑cadherin was associated with the presence of local lymph 
node involvement.

Introduction

Endometrial cancer is the most common type of neoplasm 
affecting one of the female reproductive organs, and primarily 
occurs in postmenopausal women. It has been revealed that 
there is an increase in the incidence rate of endometrial cancer 
with age, particularly in developing countries. In 2006 to 
2007, rates varied 10‑fold across countries, with the highest 
rates in North America (United States), Eastern and Northern 
Europe (Slovakia), and the lowest rates were in middle‑income 
countries (South Africa and India) (1). In 2012, endometrial 
cancer was the 6th most frequently diagnosed carcinoma, and 
the 14th most common cause of cancer‑associated deaths in 
women worldwide (2). Furthermore, risk factors, such as early 
menarche, late menopause, infertility, taking menopausal 
hormones and obesity play a major role in endometrial cancer 
etiology (3).

Endometrial cancer has been associated with invasiveness 
and metastasis formation, which are multistage processes in 
which malignant cells detach from the primary tumor mass, 
travel via the lymph and blood to target tissues, where tumor 
cells can adhere to and penetrate the vascular endothelium; 
thus, forming new blood vessels in the developing neoplastic 
foci. Each of these stages requires specific interactions between 
cancer cells and the surrounding intercellular substance, and 
also with endothelial cells of blood and lymphatic vessels (4). 
These interactions are mediated by specific adhesion 
molecules, such as cadherins, which constitute a group of 100 
classical and non‑classical cadherins. E‑ and N‑cadherin are 
well‑known classical cadherins and can mediate homotypic 
intercellular interactions by interacting in a Ca2+‑dependent 
manner with the same cadherin types on adjacent cells (5). 
E‑cadherin is typically located on epithelial cell membranes, 
and promotes cell adhesion and integrity; thus, mediates 
differentiation of healthy epithelial tissue architecture (6). 
Furthermore, N‑cadherin is characteristic of mesenchymal 
cells, particularly in cells with greater motility and reduced 
polarization. It has been shown that N‑cadherins are 
representative markers of epithelial‑mesenchymal transforma‑
tion (EMT) (6,7). P‑cadherin is present at adherens junctions, 
and is found, similar to E‑cadherin, in several mature tissue 
types, including the epidermis, breast, prostate and meso‑
thelium (8‑10). Cadherin switching, which is important for 
the formation of the cell phenotype, occurs during normal 
processes of cell development (11). Furthermore, switching of 
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E‑cadherin to N‑cadherin has been observed in carcinomas 
of the prostate (12), breast (13) and melanoma (14), whereas 
changes to P‑cadherin were found in pancreatic (15) or gastric 
cancer types (16).

Therefore, the aim of the present study was to examine the 
protein expression levels of E‑, N‑ and P‑cadherin in cancer 
tissue from patients with endometrial cancer. In addition, the 
present study investigated the association of these proteins 
with clinicopathological parameters.

Materials and methods

Patients and tissue samples. The present study enrolled 
38 patients (mean age 68.6 years; range 44‑84 years 
old) (Table I) with endometrial cancer, who underwent 
hysterectomy  at  the Medical Center  ‘Żelazna’  in Warsaw 
(Poland) between January 2008 and December 2015. The 
inclusion criteria for the study group was endometrial cancer 
in any of The International Federation of Gynecology and 
Obstetrics (FIGO) stages (17) with full histopathological 
documentation. The exclusion criteria were any cases with 
unspecified status of lymph node or distant organ involvement 
and refusal to participate. The postoperative tissue was fixed 
in 10% neutral, buffered formalin for 24 h at room tempera‑
ture and embedded in paraffin. Sections (4‑µm) were cut from 
the paraffin blocks and stained with hematoxylin for 5 min 
and eosin for 1 min at room temperature. Slides were assessed 
under a light microscope Olympus BX40 under magnifica‑
tions x200 and x400. Routine histopathological analysis was 
performed to determine tumor histological type, malignancy 
grade (G), staging according to FIGO, the presence of tumor 
budding, local lymph node involvement and the presence of 
distant metastases (ovary, vagina and colon) (17) (Table I). Five 
sections with atypical endometrial proliferation from resected 
material of the study group were used as controls. A total of 
12 patients (out of 38) had metastases to the lymph nodes and 
8 to distant organs (2 of them had metastases to two or more 
organs at the same time). Tumor budding was counted in 5 
high‑power fields (magnification, x40), and were classified as 
low‑grade (<5 buds) or high‑grade (≥5 buds; Table I). The study 
was approved by the local Bioethics Committee (Medical 
University of Bialystok; approval no. R‑I‑002/68/2016) and 
written informed consent, regarding the use of the tissue, was 
provided by each patient in the study.

Immunohistochemistry. Immunohistochemical analyses were 
performed using 38 primary endometrial tumors tissues and 
20 metastatic tissues: 9 metastases to the lymph nodes (3 were 
removed due to micrometastases) and 11 distant metastases (7 
ovaries, 2 vaginas and 2 colons). For comparison, five cases 
of atypical endometrial proliferation were also stained. Tissue 
blocks were cut on a microtome  into 4‑µm  thick  sections 
on silanized glass slides. The sections were deparaffinized 
in xylene and hydrated in a series of alcohols of decreasing 
concentration (two treatments with 99.9, then 96 and 70% 
ethanol) at room temperature. Then, sections were heated 
in a microwave oven for 15 min in citrate buffer (pH, 6.0) 
for antigen retrieval. For blocking endogenous peroxidase 
activity 3% hydrogen peroxide solution was used for 10 min 
at room temperature. For blocking non‑specific antibody 

binding horse serum was used (anti‑mouse/rabbit serum 
produced in horse; Vector Laboratories, Inc.) for 10 min at 
room temperature. Next, the sections were incubated with 
murine monoclonal anti‑E‑cadherin (cat. no. 36B5; 1:100; 
Leica Microsystems GmbH), anti‑N‑cadherin (cat. no. IAR06; 
1:100; Leica Microsystems GmbH) and anti‑P‑cadherin (cat. 
no. HPA001767; 1:100; Sigma‑Aldrich; Merck KGaA) anti‑
bodies for 60 min at room temperature. Next, the one‑step 
system ImmPRESS™ Universal Antibody Polymer Reagent 
(30 min at room temperature; catalog no. : MP‑7500; Vector 
Laboratories, Inc.) and chromogen ImmPACT DAB (5 min at 
room temperature; catalog no. : SK‑4105, Vector Laboratories, 
Inc.) were used. Cellular nuclei were stained with hematoxylin 
for 5 min at room temperature. Positive and negative controls 
were performed according to the manufacturer's protocol 
(Leica Microsystems, Inc.; Sigma‑Aldrich; Merck KGaA).

The results were determined by two independent patholo‑
gists (Department of General Pathomorphology, Medical 
University of Bialystok) under a light microscope. Protein 
expression was observed at random using 10 fields of view 
(FOV) and a high‑power  lens (magnification, 10x40), with 
each FOV counting ≥100  cells.  The  expression  level was 
observed as cytoplasmic, membranous or mixed, and was clas‑
sified as positive in the cytoplasm (only cytoplasmic reaction 
was visible) or positive in the membrane (only membranous 
or mixed reaction). The cytoplasm or membrane staining was 
calculated based on the percentage of immunoreactive cells and 
a range 1‑100% indicated positive expression. Data obtained 
from the immunohistochemical analysis are presented as the 
mean percentage of the expression level.

Statistical analysis. Statistical analyses were conducted 
using the 38 primary tumors and 20 metastatic tumors of 
endometrial cancer. The Statistica 11 (v4.0; StatSoft; TIBCO 
Software, Inc.) and GraphPad Prism (v5.04; GraphPad 
Software, Inc.) programs were used for statistical analysis. The 
protein expression levels were compared between two groups 
using the Mann‑Whitney U test. E‑, N‑, P‑cadherin protein 
expression levels did not follow a normal distribution and 
therefore non‑parametric statistical analyses were performed. 
Spearman's rank correlation analysis was used to assess 
the correlation between membrane and cytoplasmic E‑, N‑, 
P‑cadherin expression level in primary and metastatic tumor 
of endometrial cancer. The association between membrane 
and cytoplasmic E‑, N‑, P‑cadherin protein expression level 
between the primary tumor and the clinicopathological features 
of patients with endometrial cancer was analyzed using the 
Mann‑Whitney test for two groups, while the Kruskal‑Wallis 
test was used for three or more groups plus Dunn's post hoc 
test. P<0.05 was considered to indicate a statistically signifi‑
cant difference.

Results

E‑, N‑ and P‑cadherin protein expression levels in 
endometrial hyperplasia with atypia. In hyperplastic endo‑
metrial lesions, the protein expression levels of E‑, N‑ and 
P‑cadherin were similar, and weak cytoplasmic staining was 
observed. Furthermore, the expression level was equally distrib‑
uted throughout the hyperplastic epithelium. The membrane 
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staining of E‑cadherin was present in 3/5 cases (Fig. 1A), 
whereas that of P‑cadherin was only observed in a few cells 
and was <10% (Fig. 1C). In addition, the protein expression 
level of N‑cadherin was found to be negative (Fig. 1B).

E‑, N‑ and P‑cadherin protein expression levels in the 
primary tumor and metastatic tissues in endometrial 
cancer. The present results indicated that the three cadherin 
proteins were expressed either in the membrane and/or in 
the cytoplasm and were unevenly distributed in endometrial 
cancer tissue (Fig. 2A, B, D, E, G and H). Furthermore, the 
staining of the three cadherin proteins was stronger at the 
tumor front compared with that in the main tumor mass 
(N‑cadherin staining; Fig. 2D and E). The cytoplasmic 
expression level was significantly higher compared with 
that in the membrane, with respect to E‑cadherin (P<0.05) 
and P‑cadherin (P<0.01) in the primary tumor tissues, while 
P‑cadherin expression level was also significantly higher in 
the metastatic tissue (P<0.001) (Fig. 3). Furthermore, it was 
found that the membrane expression levels of the 3 cadherin 
proteins were lower in metastatic cancer cells compared with 
that in the primary tumor cells (Fig. 3). Moreover, a decrease 
in the membranous protein expression level of P‑cadherin 
was found in the metastatic tumor (mean expression, 8%) 
compared with that in the primary endometrial cancer tissue 

(mean expression, 21.18%), although these findings were not 
statistically significant (Fig. 3). As shown in Fig. 4, the protein 
expression levels of cytoplasmic E‑, N‑ and P‑cadherin were 
also correlated with membrane expression level the in primary 
and metastatic tumors. Furthermore, positive correlations 
were found between membrane N‑cadherin expression level 
in the primary tumor and with the membrane expression level 
in the metastatic tumor, also between membrane P‑cadherin 
expression level in the primary tumor and with the membrane 
expression level in the metastatic tumor, and between membrane 
P‑cadherin expression level in the primary tumor and with 
cytoplasmic expression level in the metastatic tumor. In addi‑
tion, correlations were also identified between membrane 
E‑cadherin and membrane P‑cadherin expression level in the 
primary tumor; membrane P‑cadherin in metastatic tumor 
and membrane E‑cadherin in primary tumor; cytoplasmic 
P‑cadherin in metastatic tumor and membrane E‑cadherin in 
primary tumor, cytoplasmic N‑cadherin in metastatic tumor 
and cytoplasmic E‑cadherin in primary tumor; membrane 
E‑cadherin in metastatic tumor and membrane N‑cadherin in 
primary tumor; and also membrane E‑cadherin in metastatic 
cancer and cytoplasmic N‑cadherin in primary tumor (Fig. 4).

Association between E‑, P‑ and N‑cadherin protein expression 
levels in primary endometrial cancer and clinicopathological 
parameters. The present results suggested that there were 
no significant associations between the age of the patients, 
histological type of the tumor, FIGO grade and the presence 
of distant metastases and the E‑, N‑ and P‑cadherin protein 
expression levels (Table II). Furthermore, a significant asso‑
ciation was found between the membrane expression level 
of P‑cadherin and endometrial carcinoma grade; a higher 
percentage of P‑cadherin membrane expression level was 
associated with histologically poorly differentiated cancer 
types (P=0.023). In addition, a significant association was 
found between high‑grade tumor budding and higher cyto‑
plasmic expression level of E‑cadherin (P=0.042), and higher 
membrane and cytoplasmic expression levels of P‑cadherin 
(P=0.012 and P=0.002, respectively). The present results indi‑
cated that a higher membrane expression of E‑cadherin was 
also associated with high‑grade tumor budding; however, the 
result was not statistically significant. Furthermore, increases 
in the membrane expression level of E‑cadherin was associ‑
ated with the presence of local lymph node involvement 
(P=0.044; Table II).

Discussion

E‑cadherin has been widely investigated and is therefore the 
best described cadherin. Previous studies have shown that in 
the healthy endometrium, the expression level of E‑cadherin 
was moderate to strong in 60‑90% of cases and did not 
differ between the proliferative and secretion phases (18‑20). 
Furthermore, E‑cadherin was stained in the membrane, and 
was located on the borders between polarized cells (18‑20). 
Nguyen et al (21) revealed that N‑ and P‑cadherin were found 
in the endometrium. In addition, N‑cadherin was primarily 
visualized in the apical surface and at the lateral junctions 
of the plasma membrane of the epithelial cells in the basalis, 
while it was strongest in the basalis glands adjacent to the 

Table I. Clinicopathological characteristics of the patients with 
endometrial cancer.

Clinicopathological parameters Number (%)

Age, years 
  <65 19 (50)
  ≥65  19 (50)
Tumor type 
  Endometrioid 31 (81.6)
  Serous 7 (18.4)
Tumor grade, differentiated  
  Well  4 (10.5)
  Medium  25 (65.8)
  Poorly 9 (23.7)
Tumor stage  
  I 15 (39.5)
  II 3 (7.9)
  III 15 (39.5)
  IV 5 (13.1)
Tumor budding, grade 
  Low 27 (71)
  High 11 (29)
pN 
  Absent 26 (68.4)
  Present 12 (31.6)
pM 
  Absent 30 (78.9)
  Present 8 (21.1)
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myometrium and found to a lesser extent in the functional 
glands. However, P‑cadherin was shown to be located in the 
basal surface of epithelial glands in both the functionalis and 
basalis (21).

The present results suggested that E‑, N‑ and P‑cadherins 
in hyperplastic endometrial lesions with atypia were equally 
weakly expressed in the cytoplasm. Furthermore, the 
membrane staining was observed in a few cells, with <10%. 
The protein expression levels of E‑, N‑ and P‑cadherins in 
endometrial cancer were located in the membrane and/or in 
the cytoplasm, and were unevenly distributed in the neoplastic 
tissue. Furthermore, stronger staining of the three cadherins 
was identified at the tumor front compared with that in 

the main mass of endometrial cancer tissue. However, no 
significant differences were found in E‑cadherin protein 
expression level between primary and metastasis tumors. 
The present results were consistent with those from previous 
studies, which have shown similar cadherin expression levels. 
Ahmed and Muhammad (18) revealed membranous protein 
expression level of E‑cadherin in non‑neoplastic endometrial 
lesions, along with proliferative, secretory and hyperplastic 
endometrial changes, while neoplastic endometrial lesions 
showed mixed membranous‑cytoplasmic staining. In addition, 
Carico et al (19) showed that E‑cadherin protein expression 
level in normal endometrial growth was reduced, but was 
not homogenous. However, in atypical endometrium and in 

Figure 1. Comparison of E‑, N‑, P‑cadherin expression levels in endometrial hyperplasia with atypia. (A) E‑cadherin (magnification, x100), (B) N‑cadherin 
(magnification, x200) and (C) P‑cadherin (magnification, x200) expression levels in endometrial hyperplasia with atypia. E‑, N‑ and P‑cadherin expression levels 
were similar and weak cytoplasmic staining was observed. Expression was equally distributed throughout the hyperplastic epithelium. The membrane staining 
of E‑cadherin was present in 3/5 cases, whereas that of P‑cadherin was only observed in few cells and was <10%. The expression of N‑cadherin was absent.

Figure 2. E‑, N‑, P‑cadherin expression levels in the primary and metastasis tissues from endometrial cancer. The 3 aforementioned cadherin proteins were 
expressed in the membranes and/or in the cytoplasm and were unevenly distributed in the endometrial cancer tissue. The staining of the three cadherin proteins 
were stronger at the tumor front compared with that in the main tumor mass. Cytoplasmic expression level was higher compared with that in the membrane. 
In the main mass of the primary tumor there was (A) negative and (B) strong cytoplasmic E‑cadherin staining in cancer cells (magnification, x200 and x100, 
respectively). (C) Positive E‑cadherin expression level in the metastatic cancer cells in the lymph node. Magnification, x200. (D) Cytoplasmic N‑cadherin 
expression level was found in a few cells in the main mass of the tumor. Magnification, x100. (E) Stronger membranous and cytoplasmic N‑cadherin expression 
level at the tumor front. Magnification, x200. (F) N‑cadherin expression level in the metastasis tissue of the ovary. Magnification, x100. (G) Weak (magnifica‑
tion, x200) and (H) medium cytoplasmic P‑cadherin expression level in main mass of the primary tumor (magnification, x200). (I) P‑cadherin expression level 
in the metastasis to the vagina. Magnification, x100.



ONCOLOGY LETTERS  21:  261,  2021 5

endometrial cancer cells, the membranous and cytoplasmic 
protein expression level of E‑cadherin was weaker compared 
with normal endometrial cells. Furthermore, various regions of 
neoplastic tissue (for example tumor front, main mass of tumor 
and free‑floating tumor cells in the ascitic fluid) showed differ‑
entiated expression level of E‑cadherin, which reflected the 
heterogeneity of the neoplastic epithelium (21‑24). Therefore, 
the loss of E‑cadherin interaction with the cadherin‑catenin 
complex could be attenuated at an early stage of the hyper‑
plastic process and could be involved in endometrial cancer 
progression.

Only one study compared expression of N‑cadherin in 
normal and neoplastic cells of uterus. Xie et al (20) observed 
moderate and strong N‑cadherin protein expression level in 
endometrial cancer, compared with low or moderate expres‑
sion level in normal endometrial epithelium. Comparison of 
N‑cadherin expression with E‑cadherin expression in endo‑
metrial cancer did not reveal any statistical significance (20). 
The present study found differences in the protein expression 
level of cytoplasmic N‑cadherin in metastatic and cytoplasmic 
E‑cadherin in primary tumors; membrane E‑cadherin in meta‑
static and membrane N‑cadherin in primary tumors and also 
membrane E‑cadherin in metastatic cancer and cytoplasmic 
N‑cadherin in primary tumors.

It has been demonstrated that P‑cadherin protein expression 
level is increasing in endometrial cancer cells in comparison 
with normal cells. Moreno‑Bueno et al (24) identified positive 
P‑cadherin expression in <10% cases of atypical endometrial 
hyperplasia. Furthermore, P‑cadherin staining was higher 
in endometrioid cancer types and in non‑endometrioid 
neoplasms, accounting for ~46% of cases. However, positive 
expression level of P‑cadherin was considered when ≥10% 
of cells had immunohistochemical staining, due to low 
expression of this protein. The present results suggested that 
the membranous protein expression level of P‑cadherin was 
similar to that of E‑ and N‑cadherin, whereas its cytoplasmic 
expression was significantly higher. Furthermore, a decrease 
in the membranous protein expression level of P‑cadherin was 
observed in the metastatic tumor compared with that in the 
primary endometrial cancer tissue, although these findings 
were not statistically significant.

However, changes in the expression levels of 2 of the 
cadherin proteins were associated with clinicopathological 

factors in endometrial carcinoma. The present results indicated 
that higher cytoplasmic protein expression level of E‑cadherin 
and increased membranous and cytoplasmic expression level 
of P‑cadherin, was associated with high‑grade tumor budding. 
Furthermore, Koyuncuoglu et al (25) conducted a similar 
analysis of the association between E‑cadherin and tumor 
budding, revealing that its positive expression was higher in 
low‑grade tumor budding, even though the results were not 
significant. While loss of membranous E‑cadherin expression 
level was frequently observed, histological analysis of the 
immunohistochemical reaction identified higher expression at 
the tumor front in the present study research. In other carci‑
nomas, such as colorectal cancer, a decrease in membranous 
E‑cadherin has been shown at the tumor front, which allows 
for the loss of stability of intercellular junctions and enables 
cells to detach from the main tumor mass. Thus, in colorectal 
cancer epithelial‑mesenchymal transformation occurs during 
tumor budding (26,27). The present results indicated the oppo‑
site E‑cadherin protein expression level in endometrial cancer, 
which suggested that EMT does not occur in tumor budding 
of endometrial cancer. However, this requires verification in 
further studies, also detailed analysis of E‑cadherin expression 
at the front and in the main mass of endometrial cancer.

In addition, it was found that the increase in the membranous 
protein expression level of E‑cadherin in endometrial cancer 
was associated with local lymph node involvement. However, 
there was no statistically significant association between 
E‑cadherin expression level and local lymph node metastases. 
Previous studies have shown associations between E‑cadherin 
and other prognostic factors of endometrial cancer; however, 
the results have been inconsistent. Ahmed and Muhammad (18) 
revealed an association between lower E‑cadherin expression 
level and infiltration of lymphatic and blood vessels in endome‑
trial cancer cells. In addition, Koyuncuoglu et al (25) identified 
an association between low E‑cadherin protein expression 
level and FIGO stage III+IV, compared with that in stage I+II. 
However, a meta‑analysis investigating the reduced expression 
level of E‑cadherin in endometrial cancer revealed a statisti‑
cally significant association with total postoperative survival 
time (28). Thus, female patients with endometrial cancer and 
a reduced E‑cadherin expression level may have poorer prog‑
nosis, compared with that in patients with endometrial cancer 
and normal or higher E‑cadherin expression levels.

Figure 3. Comparison of E‑, N‑, P‑cadherin expression levels in main mass of the tumor and in the metastasis tissue of endometrial cancer. Comparison of 
protein expression levels in groups was performed using a Student's t‑test. *P<0.05 membrane vs. cytoplasmic E‑cadherin expression level in the primary 
tumor. **P<0.01 membrane vs. cytoplasmic P‑cadherin expression level in the primary tumor. ***P<0.001 membrane vs. cytoplasmic P‑cadherin level expres‑
sion in the metastasis tissue. Non‑statistically results are omitted.
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Figure 4. Correlation analysis between E‑, N‑, P‑cadherin expression levels in the PT and MT of endometrial cancer. Only statistically significant correlations 
are presented. Spearman's rank correlation analysis was used. PT, primary tumor; MT, metastatic tumor.
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Furthermore, the present results suggested that the higher 
percentage of P‑cadherin membrane protein expression level 
was associated with histologically poorly differentiated 
cancer types, which was in line with Piura et al (29). However, 
Stefansson et al (30) revealed an association between higher 
P‑cadherin expression level and high FIGO grade, increasing 
FIGO stage, vascular invasion and depth of myometrial 
invasion.

The present study found no association between N‑cadherin 
protein expression level and clinicopathological parameters. 
However, Singh et al (31) showed that higher protein expres‑
sion level of N‑cadherin was more frequent in non‑endometrial 
cancer types. Furthermore, Xie et al (20) showed that posi‑
tive N‑cadherin protein expression level was associated with 
infiltration depth, higher FIGO stage and lower histological 
differentiation of the tumor.

The present study has a limitation. For the control group, 
endometrial hyperplasia with atypia was chosen from the 
vicinity of the tumor obtained during standard surgical 
procedures. A total of 5 sections of atypical endometrial 
proliferation were analyzed qualitatively to visualize differ‑
ences with the cancer cells. For significant differences a 
larger sample size should be considered to ensure a represen‑
tative distribution.

In conclusion, the present results indicated the involve‑
ment of the cadherin family adhesion proteins in the 
development of endometrial cancer. Furthermore, loss of 
E‑cadherin membrane protein expression level and the 
appearance of membrane‑cytoplasmic expression levels were 
identified. Contrary to E‑cadherin, an increase in membrane 
and cytoplasmic staining of N‑ and P‑cadherin proteins in 
endometrial cancer was found. Therefore, differences in the 
protein expression levels of the cell adhesion molecules may 
be involved in differentiation of the histological type of the 
tumor and the formation of tumor budding. Thus, the present 
results may provide potential prognosis targets, particularly 
with respect to changes in P‑cadherin expression level in 
cancer cells, which may be associated with tumor budding 
and aggressiveness.
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