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Abstract. Endometrial adenocarcinoma (EC) is one of the 
most frequently diagnosed types of endometrial cancer and 
is typically a consequence of continuous estrogen receptor 
stimulation. Erythropoietin‑producing hepatocyte receptor B4 
(EphB4) and its ligand ephrin‑B2 have been reported to be 
overexpressed in EC cells; however, the function in EC remains 
unclear. The present study aimed to elucidate the role of EphB4 
and ephrin‑B2 in EC. The protein expression pattern of EphB4 
and ephrin‑B2 was analyzed through immunohistochemistry 
and western blot analysis in endometrium with adenomyosis 
or simple endometrial hyperplasia, atypical endometrial 
hyperplasia, double‑positive estrogen receptor (ER)/proges-
terone receptor (PR) EC and double‑negative ER/PR EC. The 
expression of EphB4 and ephrin‑B2 was demonstrated to be 
increased in atypical EH and ER/PR‑positive EC, but not  
ER/PR‑negative EC. Furthermore, EphB4 and ephrin‑B2 
expression was positively associated with ER expression in EC 
tissue. The results of the present study suggest that the overex-
pression of EphB4 and ephrin‑B2 in the endometrium serves a 
role in the pathogenesis of EC, in addition to being associated 
with ER expression.

Introduction

Endometrial adenocarcinoma (EC) is one of the most 
frequently diagnosed types of endometrial cancer and accounts 
for >80% of all endometrial carcinoma cases  (1). Despite 
its low mortality rate, EC causes >8,000 mortalities/year in 
the United States (2). The incidence rate of EC in China has 
increased and the age of onset has decreased (3). Although 
patients with early‑stage EC who receive surgery have a good 
chance of survival, younger patients frequently become infer-
tile following treatment. The pathogenesis of EC is frequently 
associated with continuous estrogen receptor stimulation (4); 
however, the mechanisms underlying EC pathogenesis 
remain a major area of investigation in gynecology research. 
Elucidating the underlying mechanism of endometrial carci-
nogenesis may aid in the development of novel approaches to 
prevent endometrial tumorigenesis.

Erythropoietin‑producing hepatocyte receptor B4 (EphB4) 
and its ligand ephrin‑B2 belong to the receptor tyrosine kinase 
(RTK) family (5). RTKs are transmembrane proteins that can 
be phosphorylated and activated by each other, enabling the 
transmission of signals to the inside of the cell in order to 
control cell aggregation, migration, development, maturation, 
angiogenesis and vascular remodeling (6,7). Previously, over-
expression of EphB4 and ephrin‑B2 has been demonstrated 
in numerous types of cancer, including that of the diges-
tive (8‑10), respiratory (11), reproductive (12‑15), urinary (16) 
and endocrine  (17,18) systems. These studies suggest that 
overexpression of EphB4 and ephrin‑B2 is associated with 
tumor development and progression. Similarly, associations 
between EphB4 and ephrin‑B2 overexpression, and EC devel-
opment and progression have been identified (19,20). However, 
the mechanism of EphB4 and ephrin‑B2 overexpression and 
their exact role in EC remains unclear. Expression of EphB4 
is hormone‑dependent in the mammary glands of mice (21). 
Estrogen and progesterone are the primary hormones 
responsible for the pathogenesis and prognosis of EC, 
respectively (22,23). The present study aimed to investigate 
whether EphB4 and ephrin‑B2 expression in EC is associated 
with estrogen receptor (ER) and progesterone receptor (PR) 
expression status, in order to determine the role of EphB4 and 
ephrin‑B2 in EC.
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Materials and methods

Patients and tissue samples. The present study was approved 
by the Medical Ethics Review Board of the First Affiliated 
Hospital of Yangtze University (Jingzhou, China) in accordance 
with the guidelines for the protection of human subjects (24). 
Informed consent was obtained from all patients (or from 
relatives if the patients were unavailable). Control endometrial 
tissue samples (n=12; mean age, 42.3 years old) were collected 
from patients who had undergone a diagnostic curettage and 
were subsequently diagnosed with uterine adenomyosis (n=10) 
or simple endometrial hyperplasia (EH) (n=2). EC (endome-
trioid type) tissue samples were obtained from patients who 
underwent a hysterectomy at the Department of Gynecology 
of The First Affiliated Hospital of Yangtze University 
(n=44; mean age, 54.9 years old) between January 2009 and 
March 2015. None of the patients had received pre‑operative 
chemotherapy, radiotherapy or endocrine therapy. Patients 
were evaluated in accordance with the 2009 International 
Federation of Gynecology and Obstetrics (FIGO) staging 
system (25). The number of patients classified as FIGO stage I, 
II, III and IV were 20, 12, 2 and 0, respectively. In addition, 
atypical EH tissue samples were collected for immunohisto-
chemical staining (n=20; mean age, 44.5 years old).

Immunohistochemistry. Formalin‑fixed paraffin‑embedded 
control, atypical EH and EC samples were cut with a micro-
tome (Leica Microsystems GmbH, Wetzlar, Germany) into 
4‑µm‑thick sections. Samples were immunohistochemically 
stained as described previously (26). Briefly, formalin‑fixed 
paraffin‑embedded sectioned samples were dried on a slide 
at 72˚C for 1 h. Subsequently, sections were deparaffinized in 
xylene at room temperature for30 min, rehydrated with graded 
concentrations of ethanol and washed in PBS. The samples 
were placed in 10 mM EDTA buffer (pH 8.0) and boiled in a 
microwave at 110˚C for 10 min to allow for epitope retrieval. 
Endogenous peroxidase activity was quenched through incu-
bating tissue sections in 3% H2O2 at 24˚C for 10 min. Sections 
were partially stained with hematoxylin and eosin to confirm 
the presence of cancerous cells, and sections adjacent to these 
were used for immunohistochemical staining. Subsequent to 
blocking in 10% normal donkey serum (cat. no. 017‑000‑121; 
Jackson Immuno Research Laboratories, Inc., West Grove, 
PA, USA) at 24˚C for 1.5 h, sections for immunohistochemical 
analysis were incubated with the following primary antibodies 
under different conditions: Polyclonal rabbit anti‑human EphB4 
(dilution, 1:100; cat. no. sc‑5536; Santa Cruz Biotechnology, Inc., 
Dallas, TX, USA) and polyclonal rabbit anti‑human ephrin‑B2 
(dilution, 1:75; cat. no. sc‑1010; Santa Cruz Biotechnology, 
Inc.) overnight at 4˚C; monoclonal mouse anti‑human ER‑α 
(dilution, ready‑to‑use; cat. no. GT201701; Gene Company, 
Ltd., Hong Kong, China) and monoclonal mouse anti‑human 
PR (dilution, ready‑to‑use; cat. no. GT216002; Gene Company, 
Ltd.) for 2 h at 4˚C. Subsequently, the slides were washed with 
PBS, incubated with a ready‑to‑use HRP‑conjugated polymer 
with anti‑mouse/rabbit serum immunoglobulin, included in a 
GTVision™ Detection kit that reacts with rabbit and mouse 
primary antibodies (this polymer acted as the secondary 
antibody; dilution, ready‑to‑use; cat. no. GK500510A; Dako; 
Agilent Technologies, Inc., Santa Clara, CA, USA), at 24˚C 

for 1 h and then incubated with 3,3'‑diaminobenzidine chro-
mogenic agent (dilution, 1:50; cat. no.  GK346810; Dako; 
Agilent Technologies, Inc.) at 24˚C for 5‑15 min. Slides were 
counterstained with Mayer's hematoxylin (1:10) for 35‑60 sec 
and mounted with Entellan® new mounting medium (Merck 
Millipore, Darmstadt, Germany). The negative control was 
treated with rabbit serum (cat. no. X090210‑8; Dako; Agilent 
Technologies, Inc.) instead of the primary antibodies.

Western blot analysis. Western blot analysis was performed 
as previously described, but with several modifications (27). 
Total protein was acquired through ultrasonication of samples 
in RIPA lysis buffer [50 mM Tris‑Cl, 150 mM NaCl, 1% 
Triton X‑100, 0.1% aprotinin, 1 mM phenylmethylsulfonyl 
fluoride, 1 mM sodium orthovanadate and 25 mM sodium 
fluoride (pH7.4)], supplemented with a PhosStop cocktail 
(cat. no. 4906845001; Roche Applied Science, Mannheim, 
Germany). Protein concentration was determined using 
the BCA protein assay kit (Pierce; Thermo Fisher Scien-
tific, Inc., Waltham, MA, USA). Total protein (30 µg) was 
separated using SDS‑PAGE on a 7.5% gel and subsequently 
electro blotted onto Immobilon®‑P polyvinylidene fluoride 
membranes (EMD Millipore, Billerica, MA, USA) using 
the Mini‑PROTEAN® 3 Electrophoresis system (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA). Following a blocking 
step in 5% bovine serum albumin (cat. no. GA0334; Generay 
Biotech Co., Ltd., Shanghai, China) at room temperature for 
1 h, the membranes were incubated overnight at 4˚C with poly-
clonal rabbit anti‑EphB4 (dilution, 1:1,000; cat. no. ABC257) 
and monoclonal mouse anti‑ephrin‑B2 (dilution, 1:2,000; 
cat. no. MABC127) (both from EMD Millipore, Billerica, 
MA, USA), and monoclonal mouse anti‑β‑actin (dilution, 
1:3,000; cat. no. A2228; Sigma‑Aldrich; Merck Millipore, 
Darmstadt, Germany) primary antibodies. Subsequent to 
membrane washing in TBS with Tween‑20, membranes were 
incubated with horseradish peroxidase‑conjugated donkey 
anti‑mouse (cat. no. 715‑036‑150) or donkey anti‑rabbit (cat. 
no.  711‑036‑152) secondary antibody (both at 1:10,000; 
Immuno Research Laboratories, Inc.) at room temperature for 
1.5 h. Protein bands were visualized through incubating the 
blots with enhanced chemifluorescent reagent (cat. no. 34080; 
Pierce; Thermo Fisher Scientific, Inc.) and exposed to X‑ray 
film in the dark. Experiments were performed in triplicate, 
and protein bands were quantitatively analyzed using ImageJ 
software (version 1.38; National Institutes of Health, Bethesda, 
MD, USA) and SigmaPlot (version 10.0; Systat Software, Inc., 
San Jose, CA, USA). Images were processed with Photoshop 
(version CS4; Adobe Systems, Inc., San Jose, CA, USA) and 
CorelDRAW® version X4 (Corel Corporation, Ottawa, Ontario, 
Canada).

Assessment of immunohistochemical analysis score. All 
sections stained for EphB4 and ephrin‑B2 were semiquan-
titatively evaluated by two pathologists using the method 
described by McCarty et al (28), which considers the intensity 
of staining and the percentage of cells stained at each inten-
sity. Staining intensity was scored as follows: 0, no staining; 
1, weak staining; 2, distinct staining; 3, strong staining; and  
4, very strong staining. For each section stained, the percentage 
of positively stained cells (intensity grade ≥2) was scored 
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as described previously (29), which is as follows: ‑, 0‑5%; +, 
6‑50%; ++, 51‑75%; and +++, >75%.

Statistical analysis. For western blot analysis the averaged 
data are presented as the mean ± standard error of the mean. 
The level of a protein was first normalized to its corresponding 
actin for each sample, and the relative levels were then averaged 
for all the samples to the control sample. A Mann‑Whitney test 
(comparisons between two groups) was used for analysis and 
P<0.05 was considered to indicate a statistically significant 
difference using SigmaPlot version 10.0 (Systat Software, Inc., 
San Jose, CA, USA).

Results

Overexpression of EphB4 and ephrin‑B2 proteins in 
ER‑ and PR‑positive EC. EC tissue was categorized 
according to immunohistochemical analysis of PR and ER 
expression(Fig. 1), as PR expression is an important indicator 
for the prognosis of patients with EC and estrogen signaling 
has been associated with EC development  (22,23). A total 
of 1/12 samples were identified as ER‑positive/PR‑negative 
and no samples were identified as ER‑negative/PR‑positive. 
Therefore, the remaining EC tissue samples were categorized 
into the following two groups: Double ER/PR‑positive (n=11) 
and double ER/PR‑negative (n=33). Fig.  1 illustrates the 
typical expression pattern of ER and PR in the endometrial 
tissue tested. In the double ER/PR‑positive group, staining for 
ER (Fig. 1A) and PR (Fig. 1B) was identified in the nuclei of 
the majority of uterine gland cells and a number of stromal 
cells. By contrast, no staining for ER (Fig. 1C) or PR (Fig. 1D) 
was identified in the double ER/PR‑negative group.

In the control group staining for EphB4 and ephrin‑B2 was 
relatively low (Fig. 2A and B), whilst in the ER/PR‑positive 

group, staining for EphB4 and ephrin‑B2 was increased 
compared with the control group (Fig. 2). Expression of EphB4 
protein was typically located in the nuclei of uterine gland 
cells and stromal cells (Fig. 2C), similar to the expression 
pattern of ER and PR. The majority of ephrin‑B2 protein was 
expressed on the membrane of uterine gland cells and in the 
nuclei of stromal cells (Fig. 2D). Notably, it was demonstrated 
that EphB4 (Fig. 2E) and ephrin‑B2 (Fig. 2F) protein was not 
overexpressed in the double ER/PR‑negative group. Estrogen 
serves an essential role in the development of atypical EH, a 
lesion that frequently precedes EC (30). Since the expression 
pattern of EphB4 protein was similar to the expression pattern 
of ER and PR in the ER/PR‑positive group, the expression of 
EphB4 and ephrin‑B2 in EH tissue was also analyzed using 
immunohistochemistry. In all 20 atypical EH tissue samples, 
the expression of EphB4 (Fig. 2G) and ephrin‑B2 (Fig. 2H) 
protein was increased compared with the control group.

EphB4 and ephrin‑B 2protein expression was significantly 
increased in ER/PR‑positive EC. Western blot analysis was 
performed to confirm that overexpression of EphB4 and 
ephrin‑B2 protein was present in the double ER/PR‑positive 
group and absent in the double ER/PR‑negative group (Fig. 3). 
Compared with the control group, expression of EphB4 and 
ephrin‑B2 protein in the double ER/PR‑positive group was 
significantly increased (4.11±0.46 and 3.46±0.10 relative to 
the control group; n=4; P=0.0022 for EphB4 and P=0.0001 
for ephrin‑B2; Fig. 3B). In addition, no significant differences 
were identified in the EphB4 and ephrin‑B2 protein expres-
sion between the double ER/PR‑negative group and the control 
group (Fig. 3B).

EphB4 and ephrin‑B2 overexpression is associated with ER 
expression in EC. EphA2 overexpression has been associated 

Figure 1. Representative images of ER and PR expression in EC tissue samples. (A) ER/PR‑positive EC sample stained for ER. (B) ER/PR‑positive EC sample 
stained for PR. (C) ER/PR‑negative stained for ER. (D) ER/PR‑negative stained for PR. Magnification, x200. ER, estrogen receptor; PR, progesterone receptor; 
EC, endometrial adenocarcinoma.
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with a lack of PR and poor patient outcome in EC  (29); 
however, in the present study, EphB4 and ephrin‑B2 overex-
pression was not revealed to be associated with a lack of PR 

expression. Since EphB4 and ephrin‑B2 have been demon-
strated to be overexpressed in EH tissue samples (30), the 
association between EphB4 and ephrin‑B2 overexpression and 
ER expression in EC and EH was investigated in the present 
study. EphB4 and ephrin‑B2 expression in tissue samples 
was analyzed according to the grading of their ER and PR 
staining intensity (Table I). In the ER‑PR‑ group, 9/11 samples 
were EphB4‑ and ephrin‑B2‑negative, and 2/11 samples were 
EphB4+ and ephrin‑B2+. In the ER+PR+/+++ group, all 13 samples 
were EphB4‑positive, 6 were EphB4+ and 7 were EphB4++/+++. 
Regarding ephrin‑B2, 8 samples showed no ephrin‑B2 expres-
sion, 4 were ephrin‑B2+ and 1 sample was ephrin‑B2++/+++ in 
the ER+PR+/+++ group. In the ER++/+++PR+/+++ group, EphB4 and 
ephrin‑B2 were expressed in all 20 samples (1 sample was 
EphB4+/ephrin‑B2+ and 19 were EphB4++/+++/ephrin‑B2++/+++). 
These results indicate that there is an association between ER 
expression and EphB4/ephrin‑B2 expression in EC.

Discussion

The EphB4 receptor has been identified as a frequently over-
expressed RTK in numerous types of cancer, including the 

Figure 2. Expression pattern of EphB4 and ephrin‑B2 in the endometrium of different EC groups using immunohistochemistry. (A) EphB4 and (B) ephrin‑B2 
expression in Ctr group. (C) EphB4 and (D) ephrin‑B2 expression in ER++/PR+++ EC group. (E) EphB4 and (F) ephrin‑B2 expression in ER‑/PR‑ EC group. 
(G) EphB4 and (H) ephrin‑B2 expression in aEH group. Magnification, x200. EphB4, erythropoietin‑producing hepatocyte receptor B4; ER, estrogen receptor; 
PR, progesterone receptor; EC, endometrial adenocarcinoma; aEH, atypical endometrial hyperplasia; Ctr, control. 

Figure 3. Determination of EphB4 and ephrin‑B2 expression in different 
EC groups using western blot analysis. (A) Representative immunoblots 
illustrating changes in EphB4 and ephrin‑B2 expression. (B) Densitometric 
quantification of immunoreactive bands of EphB4 and ephrin‑B2immu-
noblot. *P<0.01 vs. the control group; #P<0.01 vs. double ER/PR‑negative 
EC group. EphB4, erythropoietin‑producing hepatocyte receptor B4;  
ER, estrogen receptor; PR, progesterone receptor; EC, endometrial adenocar-
cinoma; EH, atypical endometrial hyperplasia; Ctr, control.
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following: Lung (31), esophagus (32), ovary (14), breast (33), 
thyroid (18), cervix (13) and prostate (34,35). The results of 
the present study suggest that overexpression of EphB4 and 
ephrin‑B2 in EC is heterogeneous and hormone‑dependent. 
In the double ER/PR‑negative group, there was no significant 
difference in EphB4 and ephrin‑B2expression compared with 
the control group; however, in the double ER/PR‑positive 
group expression of these proteins was significantly increased 
compared with the control group. In addition, overexpression 
of EphB4 and ephrin‑B2 in EH was demonstrated.

It has been hypothesized that EphB4 and ephrin‑B2serve a 
role in EC development and are associated with the expression 
and/or function of ER. Although further research is required to 
confirm this, the present study demonstrated that high expres-
sion levels of ER protein are associated with an increase in 
EphB4 and ephrin‑B2 protein expression in EC. The associa-
tion between EphB4 and ER expression has been investigated 
in healthy mammary gland tissue and breast cancer, identi-
fying EphB4 as a regulator of ER‑α (36,37). Several studies 
of ovarian and endometrial cancer have reported that EphB4 
and ephrin‑B2 are overexpressed and serve as predictors of 
poor patient prognosis  (13,14,20); however, the underlying 
mechanisms of this observation remain unclear. The results of 
the present study suggest that there is an interaction between 
ER and EphB4/ephrin‑B2 signaling, providing a direction for 
future research in this area. In different cancer types, EphB 
may function through different mechanisms; for example, 
EphB2/EphB3 signaling has been demonstrated to suppress the 
progression of colorectal cancer (38,39) and breast cancer (40) 
through different pathways.

A previous study reported that overexpression of EphA2 
is associated with poor patient prognosis and a lack of PR 
expression in endometrial cancer (29). PR‑positive EC cells 
respond well to progesterone treatment and patients with 
PR‑positive EC have a good prognosis (41). However, patients 
who are diagnosed with PR‑negative EC are more likely to 

have poorly‑differentiated cancer cells, for which there are 
currently few effective treatments (42,43). The present study 
revealed that EphB4 and ephrin‑B2 were not expressed in any 
of the PR‑negative EC tissues tested. So our results suggest that 
EphB4 and ephrin‑B2 are potential therapeutic biomarkers for 
drug target or cancer prevention of the double ER/PR‑positive 
EC, rather than prognostic indicators in patients with EC. 
Identifying the mechanisms separately for different types of 
EC is the direction for future research, which may individu-
alize treatment.

In conclusion, the results of the current study suggest that 
EphB4 and ephrin‑B2 serve a role in the pathogenesis of EC, 
in addition to being associated with ER signaling. The associa-
tion between EphB4/ephrin‑B2 expression and PR‑positive EC, 
in addition to ER expression, and the mechanisms underlying 
these interactions remain to be investigated. This is important 
for the development of novel and efficient treatments to inhibit 
endometrial carcinogenesis.
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