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Differential expression of EphAS protein in gastric
carcinoma and its clinical significance
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Abstract. The aim of the present study was to evaluate ephrin
type-A receptor 5 (EphAS5) expression and its clinicopatholog-
ical significance in gastric cancer. Gastric cancer tissues were
analyzed by immunohistochemistry. The association between
EphAS5 expression and clinicopathological parameters, human
epidermal growth factor receptor 2 (HER?2) status and Ki-67
proliferation index was statistically analyzed. EphAS5 expres-
sion was detected in all non-tumor gastric epithelia but was
differentially expressed among gastric cancer samples. EphAS5
was negatively expressed in 30/110 (27.3%) and positively
expressed in 80/110 (72.3%) samples from patients with
gastric cancer. EphAS5 expression was significantly associated
with Lauren classification (P=0.032), lymph node metastasis
(P<0.001), HER2 expression (P=0.020) and Ki-67 expression
(P=0.005). No significant association was determined between
EphAS5 expression and age, sex, primary location, depth of
invasion and Tumor-Node-Metastasis stage. The present data
indicated that EphAS5 is differentially expressed in gastric
cancer. EphA5 may therefore be a potential therapeutic target
and may have clinical utility as a marker for lymph node
metastasis in gastric cancer.

Introduction

Gastric cancer is the fourth most common cancer type
globally and was recorded to be the third highest cause of
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cancer-associated mortality in 2015 (1). According to recent
data, the incidence rate of and mortality rate of gastric cancer
in China in 2015 was 679.1 and 498.0, respectively, per 100,000
of the population (1). Although mortality rates have decreased
since 2010, the outcome for patients with advanced stage
gastric cancer remains poor, with an estimated relative 5-year
survival rate of 30% (2). Understanding the molecular mecha-
nisms of carcinogenesis and identifying molecular targets for
the development of novel treatments is required in order to
improve the survival time of patients with gastric cancer.

Although molecular targets have been identified in gastric
cancer, only a limited number have been used as diagnostic
biomarkers or therapeutic targets within the clinical setting.
The human epidermal growth factor receptor-2 protein (HER2)
is a member of the epidermal growth factor receptor family
of receptor tyrosine kinases (2,3). HER2 overexpression
and/or amplification have been determined in invasive breast
cancer (3), and in other cancer types, including colon, ovarian,
lung and prostate cancer (4). Amplification of the HER2
gene and overexpression of the HER2 protein is observed
in ~20% of gastric cancer cases (3,5). A number of clinical
trials of varying design are currently investigating the poten-
tial of anti-HER?2 therapies in gastric cancer (2,3). A wide
range of response rates have been reported in patients with
HER2-positive gastric cancer treated with trastuzumab (6,7),
and these data prompted the identification of novel genes asso-
ciated with the diagnosis and treatment of this disease.

The ephrin type-A receptor 5 (EphAS5), previously
referred to as brain specific kinase or Cek7, was first isolated
from adult mouse brain (8). The Eph family of receptors,
named due to the first family member being identified in an
erythropoietin-producing human hepatocellular carcinoma
cell line, is the largest subfamily of receptor protein-tyrosine
kinases (4). Eph receptors and the Eph ligands have been
implicated in various aspects of development, particularly
nervous system patterning (9-11). The Eph receptors and Eph
ligands are divided into two subclasses, A and B, according to
their sequence homology, structure and binding affinity (12).
Previously, the Ephreceptors and Eph ligands have been
determined to be differentially expressed in various human
cancer types, including colorectal, lymphoma, prostate,
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ovarian and lung cancer (13-18). Changes in the expression
patterns of these receptors and their ligands may be associ-
ated with alterations in tumor behavior, including increased
invasiveness, metastatic potential and angiogenesis, and
consequently these changes may also be associated with poor
patient outcome. EphAS is differentially expressed in breast,
prostate, lung, ovarian and colorectal cancer types (18-22). In
a previous study, it was determined that EphA5 was expressed
in the normal fallopian tube (100%), benign epithelial ovarian
tumor cases (100%) and the majority of ovarian serous border-
line tumor cases (76%) (5). Reduction of EphAS expression
was observed in ovarian serous carcinoma cases (31%) and
was associated with tumor grade and International Federation
of Gynecology and Obstetrics stage (21). In the present study,
immunohistochemistry (IHC) was performed to evaluate
EphAS5 protein expression in a set of specimens from patients
with gastric cancer. The association of EphAS5 expression with
clinicopathological parameters was analyzed. To the best of
our knowledge, the present study is the first to investigate the
role of EphAS5 in gastric cancer.

Materials and methods

Patients and tissue samples. The study group was comprised
of 110 consecutive patients with primary gastric adenocar-
cinomas. All patients underwent surgical resection without
prior chemo- or radiotherapy between January 2015 and
December 2016 at the Department of Surgery, Taixing People
Hospital (Taixing, Jiangsu, China) and Jinling Hospital
(Nanjing, Jiangsu, China). Each tumor was classified according
to the Tumor-Node-Metastasis (TNM) system of the World
Health Organization Classification of Tumors, Pathology and
Genetics of Tumors of the Digestive System (23) and Lauren
classification (24). Data were acquired with approval from
the Ethics Committees of the Taixing People's Hospital and
Jinling Hospital. The formalin-fixed, paraffin-embedded
samples were retrospectively collected from the Department
of Pathology of Taixing People's Hospital and theSir Run Run
Hospital (Nanjing, Jiangsu, China). Of the 110 patients, 80 were
male and 30 were female. Mean patient age was 65.7 years
(range, 43-82 years). Patient details are summarized in Table I.

Hematoxylinand eosin staining. Hematoxylin and eosin
staining is the most common staining technique use in routine
histology. The technique uses a combination of two dyes,
hematoxylin and eosin, for indication of nuclei and cytoplasmic
inclusions in clinical specimens. Briefly, the tissue sections
were deparaffinized in xylene for 5 min at room temperature,
then the sections were hydrate by passing through decreasing
concentrations of alcohol baths and water (100, 90, 80 and
70%). The sections were stained in hematoxylin for 3-5 min,
washed with water for 5 min and differentiated in 1% acid
alcohol for 5 min. One percent eosin Y staining was applied
for 10 min prior to washing and dehydrating.

IHC analysis of EphAS, HER?2 and Ki-67 protein expression.
[HC for EphA5,HER?2, and Ki-67 was performed using a previ-
ously described protocol (6). In brief, tissue samples were cut
into 4-pm thick sections. Gastric cancer tissues were prepared
on slides and fixed with 95% ethanol for 1 min. The sections
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were deparaffinized using xylene, dehydrated by an ethanol
gradient (95, 80 and 70%) and then rehydrated with deionized
water. Antigen retrieval was performed by autoclave treatment
(120°C for 2 min in 1 mmol/l EDTA, pH 8.0). Endogenous
peroxidase was quenched with 3% hydrogen peroxide in
methanol. Samples were then blocked with 10% goat serum
(Abcam, Cambridge, UK) for 10 min at room temperature
to prevent nonspecific binding. Incubation with polyclonal
antibodies for EphAS5 (dilution, 1:400; cat. no. AM7610a;
Abgent, Inc., San Diego, CA, USA), HER?2 (dilution, 1:100;
cat. no. A0485; Dako; Agilent Technologies, Inc., Santa Clara,
CA, USA) and a monoclonal antibody for Ki-67 (dilution,
1:100; cat. no. ab15580; Abcam) was performed overnight
at 4°C. Following washing with PBS (pH 7.4), the sections
were then incubated with a secondary antibody against rabbit
and mouse immunoglobulin (peroxidase-conjugated; Dako;
Agilent Technologies, Inc.) for 30 min at room temperature.
Immunoreactivity was visualized using the colorimetric
detection reagent 3,3'-diaminobenzidine. Nuclei were counter-
stained with hematoxylin at room temperature for 40 sec. For
EphAS5 protein detection, PBS was used in place of a primary
antibody as the negative control. Results were visualized using
an Olympus light microscope (Olympus Corporation, Tokyo,
Japan) at x200 magnification.

Evaluation of IHC data. EphAS protein expression was
semi-quantitatively assessed. Tissue specimens were assigned
one of four scores according to the intensity of antibody staining
(0, none; 1, weakly positive/weak light yellow; 2, moderately
positive/medium brown-yellow; and 3, strongly positive/dark
brown). Staining extent was graded according to the percentage
of stained tumor cells and was defined as follows: 0, 0%; 1,
0<n<25%; 2, 25-50%; and 3, >50% positively-stained cells.
Staining intensity and staining extent values were added
together and these final scores were then used to define
expression status as follows: 0-2, negative (-); and 3-6, posi-
tive (+) (23). HER2 immunostaining was scored according to
the system previously reported for gastric cancer (25) and was
as follows: O (negative), no reactivity or <10%; 1+ (negative),
faint with partial membrane staining =10%; 2+ (positive),
weak-to-moderate with complete or basolateral staining
>10%; and 3+ (positive), moderate-to-strong with complete or
basolateral staining =10%. Ki-67 positive tumor cells demon-
strated punctate yellow-brown nuclear staining. High Ki-67
expression was defined as =14% positive tumor cell staining.
Immunostained specimens were evaluated independently by
two pathologists in a blinded manner. Any discrepancies in the
scores were resolved by consensus following further evaluation.

Fluorescence in situ hybridization (FISH). FISH was
performed to determine the HER2 status of gastric cancer
tissue specimens. The test was performed according to the
manufacturer's protocol for the HER2 probe (Beijing GP
Medical Technologies, Ltd., Beijing, China). The HER2 gene
was labeled with Spectrum Orange and the chromosome-17
centromere (CEP17) with Spectrum Green, which is part of
the kit from Beijing GP Medical Technology. Two independent
observers blinded to the study scored HER2 and CEP17 labeling
from an analysis of 100 nuclei per tissue specimen, and the
HER2:CEP17 signal ratio was subsequently calculated. Tissues
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Table I. Association between the expression of EphAS and
clinicopathological parameters.
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Table II. Human epidermal growth factor receptor 2 status in
gastric cancer detected by IHC and FISH.

EphAS5 protein expression

IHC score (24)

Parameters - (n=30) + (n=80) P-value® Parameter 0 1+ 2+ 3+
Patients, % 27.3 72.7 FISH-negative 9 6 1 0
Age,n FISH-positive 0 0 4 9
<70 years 22 48 0.266  Total no. 9 6 5 9
S’270 years 8 32 FISH, fluorescence in situ hybridization; IHC, immunohistochemistry.
ex,n
Female 6 24 0.345
Male 24 56 ) ) ) ) ) )
Primary location, n tissue specimens obtained from 110 consecutive patients with
’ primary gastric adenocarcinoma. EphAS protein staining was
nger 22 44 0.125 predominantly located in the cytoplasm and weakly stained in
Middle or upper 8 36 the nucleus. EphAS5 was positively expressed in all non-tumor
Lauren, n gastric epithelia and differentially expressed among gastric
Intestinal 8 40 0.032  cancer tissue samples (Fig. 1). EphAS was negatively expressed
Diffuse 22 40 in 30/110 (27.3%) and positively expressed in 80/110 (72.7%)
Depth of invasion, n patient specimens.
i;;i 22 ij 0.647 Association of EphAS5 expression with clinicopathological
parameters. The association between EphAS5 expres-
Lymph node, n sion and clinicopathological parameters was statistically
NO/1 9 55 <0.001  analyzed (Table I). EphAS expression was significantly
N2/3 21 25 associated with Lauren classification (P=0.032), lymph node
TNM stage, n metastasis (P<0.001), HER2 expression (P=0.020) and Ki-67
VIl 9 33 0379  expression (P=0.005). Notably, EphAS expression was nega-
MI/IV 21 47 tively associated with HER?2 expression and Ki-67 index in the
gastric cancer tissues (Figs. 2 and 3). No significant associa-
HER2,.n tion was determined between EphAS5 expression and age, sex,
Negative 22 74 0020 primary location, depth of invasion and TNM stage.
Positive 8 6
Ki-67,n Confirmation of HER2 amplification by FISH. HER2 status
<14% 6 40 0.005 in gastric cancer specimens was confirmed by FISH analysis
>14% 24 40 as depicted in Table II and Fig. 4. A total of 96 gastric cancer

=2 test was used. EphAS5, ephrin type-A receptor 5; HER2, human
epidermal growth factor receptor 2; TNM, Tumor-Node-Metastasis;

were scored as HER2-positive or HER2-negative depending on
whether their signal ratio was =2 or <2, respectively.

Statistical analysis. Statistical analysis was performed using
SPSS version 17.0 for Windows (SPSS Inc., Chicago, IL, USA).
The y%* test was used to analyze the association of EphA35
protein expression with clinicopathological parameters. The
data are presented as the mean + standard error of the mean. A
total of 10 high-power fields (x400) were used for microscopy.
P<0.05 was considered to indicate a statistically significant
difference.

Results

EphA5 expression in gastric carcinoma samples. IHC was
performed to evaluate EphAS protein expression in tumor

samples that were HER2-negative (score of O or 1+), as deter-
mined by IHC, were also negative for HER2 amplification
as confirmed by FISH. Out of five samples that had an THC
score of 2+, four of them demonstrated HER2 amplification by
FISH, and one of these samples exhibited polyploidy. A total
of nine samples with an THC score of 3+ demonstrated HER2
amplification by FISH.

Discussion

In the present study, the expression of EphAS5 in gastric cancer
tissues and its association with clinicopathological parameters
were examined. EphAS protein was expressed in all non-tumor
gastric epithelia and was differentially expressed among
gastric cancer tissue samples. EphAS was negatively expressed
in 30/110 (27.3%) and positively expressed in 80/110 (72.3%)
samples from patients with gastric cancer. Although the
specificity of the anti-EphAS5 antibody was confirmed in an
ovarian cancer study (21), the absence of a positive control
is a limitation of the present study. EphAS5 protein expres-
sion was reduced in the majority of gastric cancer tissue
samples, compared with non-tumor gastric epithelia. Gene
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Figure 1. Ephrin type-A receptor 5 expression in non-tumor gastric epithelia and gastric cancer tissues. (A) Positive staining in non-tumor gastric epithelia
tissues. (B) Negative expression in gastric cancer tissues. (C) Moderate expression in gastric cancer tissues. (D) Strong expression in gastric cancer tissues.

Original magnification, x400.

Figure 2. EphAS expression is negatively associated with HER2 expression and Ki-67 index in gastric cancer tissues. (A) Hematoxylin and eosin staining.
(B) Weak EphAS5 staining. (C) Strong HER?2 staining. (D) High Ki-67 index. Original magnification, x400. HER2, human epidermal growth factor receptor 2;

EphAS, ephrin type-A receptor 5.

downregulation in cancer can be attributed to a number of
molecular mechanisms, including mutation, deletion, hyper-
methylation and microRNA regulation. Aberrant methylation
of CpG islands in the promoter region of genes is a frequent
mechanism for their downregulation in cancer (26-29).
Hypermethylation of the CpG island in the EphAS
promoter has been reported in human cancer types (19). EphAS

mRNA expression has been detected in breast cancer cell lines
and human breast cancer (19). EphAS5 transcripts have been
detected in the HBL-100 human breast epithelial galactophore
cell line, and the ZR-75-30 and SKBR-3 breast cancer cell lines,
while reduction of EphAS5 expression has been observed in the
MCF-7, T47D, MDA-MB-231, MDA-MB-435S and Bacp37
breast cancer cell lines (19). In primary breast cancer tissues,
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Figure 3. EphA5 expression is negatively associated with HER2 and Ki-67 index in gastric cancer tissues. (A) Hematoxylin and eosin staining. (B) Strong
EphAS staining. (C) Negative HER?2 staining. (D) Low Ki-67 index. Original magnification, x400. HER2, human epidermal growth factor receptor 2.

Figure 4. HER2 status of gastric cancer specimens confirmed by fluorescence in situ hybridization. (A) Normal gastric epithelia with two green (chromosome
17 centromere) and two orange signals (HER2 gene) in each cell. (B) Low HER2 amplification. The orange signals/green signals were between 1 and 2 in each
cell. (C) High HER2 amplification. Orange signals/green signals were >2 in each cell. (D) Polyploidy. The ratio of orange signals/green signals was <2, but
orange signals and green signals were >2 in each cell. Original magnification, x1,000. HER2, human epidermal growth factor receptor 2.

EphAS5 mRNA levels were determined to be reduced in 67%
of tumor cases, compared with corresponding normal breast
tissues. Hypermethylation of the CpG island in the EphAS
promoter was detected in breast cancer cell lines by direct
sequencing following bisulfite modification of genomic DNA.
Epigenetic silencing of the EphAS5 gene was also confirmed
in primary breast cancer by methylation-specific polymerase

chain reaction (19). Downregulation and promoter hyper-
methylation of EphAS have also been observed in human
prostate cancer (20). EphAS5 expression was negatively detected
in 27.3% and weakly detected in 45.4% gastric cancer cases.
It was determined that hypermethylation of CpG island in the
promoter region of EphAS5 is one of the molecular mechanisms.
The expression profile in gastric cancer cell lines was not
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checked, based on reports that human cell lines used in China
may be contaminated (30), which is a limitation of the present
study. In the present study, the methylation status of the CpG
island within the EphAS promoter region in gastric cancer cell
lines and tissues was not examined, which is another limita-
tion of the present study. In future studies, the methylation
status of this promoter in gastric cancer tissue samples will be
examined and the association between methylation status and
clinicopathological parameters will be investigated.

The present data demonstrated that EphAS expression is
associated with Lauren classification and lymph node metas-
tasis. EphAS expression may therefore have clinical utility as
an indicator for lymph node metastasis. HER2 overexpres-
sion is increasingly recognized as a frequent molecular event
in gastric cancer. The study by Bang et al (2) indicated that
the addition of the HER2-targeted agent trastuzumab with
chemotherapy significantly improved the survival of patients
with HER2-positive metastatic gastric cancer. HER2 expres-
sion status is also associated with patient outcome (31). The
present data indicated that EphAS expression is negatively
associated with HER?2 expression. Notably, a recent study (32)
demonstrated that the EphA1/EphA2 signaling axis regulates
glutamine metabolism in HER2-positive breast cancer. Future
studies are now warranted to elucidate the crosstalk between
EphA5 and HER2.

Ki-67 is a nuclear protein associated with proliferation that
is an established prognostic biomarker in various human tumor
types, including breast cancer, lymphoma and neuroendocrine
neoplasia (33-35). Previously, a high Ki-67 index was reported
to predict reduced disease-free and overall survival in intes-
tinal-type gastric cancer (35) and advanced gastric cancer (33).
In the present study, it was determined that EphAS expression
was inversely associated with the Ki-67 index. The present
data indicated that EphA5 may be a molecular marker for
gastric cancer metastasis. In the present study, the significance
of EphAS5 expression in survival was not analyzed due to the
tissue specimens analyzed being from patients who underwent
surgery recently. In the future, the association between EphAS5
expression and survival in gastric cancer will be investigated
and its utility in the prognosis of this disease will be evaluated.

In conclusion, EphAS5 is differentially expressed in gastric
cancer. Downregulation of EphAS was determined in approxi-
mately one third of gastric cancer cases, compared with
normal gastric epithelia. Hypermethylation of the CpGisland
within the Eph A5 promoter provides a possible mechanism for
this downregulation. The present data indicated that EphAS
may function as a tumor suppressor in gastric cancer. EphAS5
may therefore be a potential therapeutic target and a metastatic
marker in gastric cancer.
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