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Abstract The expression of EphA2 and three epithelial—
mesenchymal transition-related proteins (E-cadherin,
f-catenin and vimentin) was detected by immunohisto-
chemistry in human gastric cancer and normal gastric
mucosa. The expression of EphA2 and vimentin was sig-
nificantly higher in gastric cancer tissues than in normal
gastric mucosa tissues, and similar results were found for
negative E-cadherin expression and ectopic f-catenin
expression. Further analysis showed that the expression of
EphA2 was closely correlated with the depth of tumor
invasion, tumor—node—metastasis (TNM) stages and lymph
node metastasis. Down-regulated expression of the epi-
thelial protein E-cadherin, overexpression of the mesen-
chymal protein vimentin and ectopic expression of
p-catenin were associated with the depth of tumor invasion,
tumor differentiation, TNM stages and lymph node
metastasis. The Spearman rank test indicated that the
positive expression of EphA2 was negatively associated
with E-cadherin expression and was positively correlated
with ff-catenin ectopic expression and vimentin expression.
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In addition, the Kaplan—Meier survival analysis showed
that the overexpression of EphA2 and vimentin, ectopic
expression of ff-catenin and down-regulation of E-cadherin
indicate a poor outcome. Moreover, multivariate Cox
analysis showed that TNM stages, lymph node metastasis,
EphA2 expression, E-cadherin expression and f-catenin
ectopic expression were independent prognostic factors for
postoperative gastric cancer. These findings indicate that
the overexpression of EphA2 correlates with the loss of
epithelial proteins and the appearance of mesenchymal
proteins. Therefore, EphA2 may play a role in epithelial-
mesenchymal transition in gastric cancer.
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Introduction

Gastric cancer is one of the most common carcinomas in
the world and has a poor prognosis [1]. In gastric cancer
patients, invasion, metastasis and recurrence are the major
causes of death [2]. However, the mechanism of the
development, invasion and metastasis of gastric cancer is
still not clear.

Originally, EphA2, also known as epithelial cell kinase
(Eck), was found in adult human epithelial cells [3]. As a
member of the family of receptor tyrosine kinases (RTK),
EphA2 plays a critical role in embryonic patterning, neu-
ronal targeting and vascular and tumor development, and it
is an attractive target for cancer therapy [4]. The overex-
pression of EphA2 has been discovered in many cancers
and is associated with primary tumor initiation, progres-
sion, angiogenesis and metastasis [5]. In our previous study
[6], we found that EphA2 is highly expressed in human
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gastric cancer and is correlated with the depth of tumor
invasion, TNM stages and lymph node metastasis. Mean-
while, the expression of E-cadherin negatively correlates
with that of EphA2.

Epithelial-mesenchymal transition (EMT) was first
recognized as a central feature of normal development and
plays an important role in embryonic development, tumor
invasion and metastasis [7]. In epithelial carcinomas, EMT
endows tumor cells with the ability to leave the primary
tumor and invade into the local tissue and blood vessels,
setting the stage for metastatic spread [8].

As an epithelial marker and a cell adhesion molecule,
E-cadherin acts as a tumor suppressor that inhibits invasion
and metastasis, and the loss of E-cadherin expression is
considered to be a common indicator of the onset of EMT
[9].

Nuclear accumulation of f-catenin has been associated
with EMT [10] and indicates high tumor invasion and
metastasis. f-Catenin functions in a dual manner in epi-
thelial cells, depending on its intracellular localization. In
epithelial cells, f-catenin is an important component of
adherens junctions, acting in cell-cell adhesion by linking
E-cadherin at the cell membrane [11].

Vimentin is a mesenchymal marker that is most fre-
quently associated with EMT. The upregulation of mes-
enchymal markers, particularly vimentin or Fibronectin, is
accompanied by an increase in cell migration and invasion
[12].

RTK/Ras signaling has been found to contribute to
EMT. The repression of E-cadherin has emerged as one
important step driving EMT, and this stage is currently
linked with many new molecules [13]. EphA2 is a com-
ponent of RTK/Ras signaling, and our early research has
revealed the basic relationship between EphA2 and
E-cadherin in human gastric cancer. However, whether
EphA2 has a connection with EMT in gastric cancer
remains unclear.

In the present study, the expression of EphA2 and three
epithelial-mesenchymal transition markers (E-cadherin,
f-catenin and vimentin) was detected in gastric cancer
tissues, and their clinical and pathological importance and
prognostic values were investigated.

Materials and methods

Patient selection and tissue preparation

Between January 2003 and June 2005, 158 gastric cancer
tissue samples were acquired from the patients who expe-
rienced radical resection in the Department of General

Surgery of Xiangya Hospital in Central South University,
which included 105 men and 53 women, between 30 and
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77 years of age (mean age of 52.7 years). Control samples
(normal gastric mucosa) were collected from each patient
in the operation at a distance of 6 cm from the tumor. Fresh
specimens were first put into 10% neutral buffered for-
malin for 24 h and were then embedded in paraffin. None
of the patients had radiotherapy or chemotherapy before
surgery. The study was approved by the ethics committee
of Central South University in accordance with the ethical
standard of the Helsinki Declaration of 1975, as revised in
2000.

Immunohistochemical methods and analyses

Paraffin-embedded samples were sectioned at 4 pm thick-
ness for collection. Immunohistochemical staining was
carried out under the guide of the Histostain®-Plus kits
(Zymed, Carlsbad, USA). The samples were then dewaxed
in xylene and rehydrated in a graded ethanol series. The
sections were immersed in 2.5% hydrogen peroxide for 30
min at room temperature to block the endogenous peroxi-
dase activity. Afterward, the slides were placed in citrate
buffer at 100°C for 10 min for antigen retrieval. The sec-
tions were incubated at 4°C overnight with the following
antibodies: rabbit EphA2 polyclonal antibody (sc-924,
dilution 1:200, Santa Cruz, CA, USA), rabbit E-cadherin
polyclonal antibody (sc-7870, dilution 1:200, Santa Cruz,
CA, USA), mouse vimentin monoclonal antibody (sc-6260,
dilution 1:100, Santa Cruz, CA, USA) and mouse ff-catenin
monoclonal antibody (sc-7963, dilution 1:100, Santa Cruz,
CA, USA). After washing with PBS, the slides were
incubated with the secondary antibody for 15 min at 37°C.
The slides were washed with PBS again, horseradish per-
oxidase-conjugated streptavidin was added, and the slides
were then incubated for 15 min at 37°C. Immunoreactive
proteins were visualized with diaminobenzidine and were
then counterstained with hematoxylin. The primary anti-
body was substituted with PBS in negative control. In
addition, EphA2-positive breast carcinoma, E-cadherin-
positive normal breast cell, ff-catenin-positive liver carci-
noma and vimentin-positive breast carcinoma were used as
positive controls.

For the EphA2 staining, the sections were graded
according to the percentage of positive cells: 0
points = 0-5%, 2 points = 6-50% and 3 points = more
than 50%. The staining intensity was rated as 1 point for
weak intensity, 2 points for moderate intensity and 3 points
for strong intensity. The scores of these two methods were
summed; a sum of scores >3 points was considered to be
positive, while a sum of scores <3 points was regarded as
negative [14, 15].

For E-cadherin and f-catenin staining, the slides were
rated by the staining intensity of the positive control core
specimens: negative staining (—); cytoplasmic staining
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(+); heterogeneous staining (++); and normal membra-
nous staining (+++) [16]. All specimens without mem-
branous E-cadherin expression were regarded as negative
[17]. p-Catenin membranous staining (>90%) and cyto-
plasmic and nuclear (>10%) staining were considered to be
positive f-catenin expression. We classify negative
expression of f-catenin and positive fS-catenin expression
in the cell membrane and cytoplasm as normal, and its
expression in nucleus was defined as ectopic expression.

Vimentin is a special marker that is highly expressed in
stromal and inflammatory cells, but is not usually present
in epithelial cells [18]. Therefore, the expression of
vimentin in tumor cells was considered to be positive in all
slides.

Statistical analysis

The y*-test was used to analyze the differences in the
protein expression patterns between the normal mucosa
group and the cancer group. The relationship between the
expression of each marker and clinicopathologic variables
was also analyzed with the y’-test. The nonparametric
Spearman rank correlation coefficient was applied to
evaluate the relationship between EphA2, E-cadherin,
f-catenin and vimentin expression. The survival rate was
estimated using the Kaplan—-Meier method, and the statis-
tical significance of the differences was compared using the
log-rank test. The overall survival time was calculated
from the date of surgery to the date of death (resulting from
any cause) or June 30, 2010. The log-rank test was used for
the univariate analysis, and a Cox proportional hazards
regression model was applied for the multivariate analysis.
All statistical analyses were performed with SPSS software
(version 16.0 for windows). Statistical significance was
considered at P < 0.05.

Results

Expression of EphA2, E-cadherin, fi-catenin and vimentin
in gastric cancer and normal gastric mucosa

Among all of the 158 gastric cancer samples, positive
EphA2 immunostaining was most obviously detected in the
cytoplasm. In normal gastric mucosa, EphA2 positive
staining scarcely emerged (Fig. la, b). The proportion of
EphA2 positive expression was 60.8% (96/158) in gastric
cancer and was 44.9% (71/158) in normal gastric mucosa.
By way of the y*-test, a conspicuous difference in EphA2
expression between the gastric cancer group and the
normal gastric mucosa group (P < 0.01) was present
(Table 1).

Normally, positive E-cadherin expression can be found
in the membrane of epithelial cells. The percentage of

E-cadherin positive expression was 30.4% (48/158) in
gastric cancer and 56.3% (89/158) in normal gastric
mucosa. Through the y°-test, a significant difference in
E-cadherin expression between the cancer group and the
normal mucosa group (P < 0.001) was detected (Table 1).
Representative immunohistochemical staining of E-cad-
herin is shown in Fig. Ic, d.
p-Catenin expression can be detected in the cell mem-
brane, cytoplasm and nucleus. The expression of f-catenin
in the cell membrane and cytoplasm was defined as normal;
in contrast, its expression in the nucleus was regarded as
ectopic expression. In gastric cancer tissues, 66.5% (105/
158) displayed p-catenin positive expression. In 105
f-catenin-positive sections, 36 sections showed f-catenin
ectopic expression, which was a rate of 22.8% (36/158) of
all of the cancer tissues. In normal gastric mucosa tissues,
59.5% (94/158) contained f-catenin positive expression,
and only 6.3% (10/158) of all the normal gastric mucosa
tissues had f-catenin ectopic expression. The y*-test indi-
cates no significant difference in the f-catenin positive
expression between the cancer group and the normal gas-
tric mucosa group (P > 0.05). However, distinct disparity
can be found in f-catenin ectopic expression between the
two groups (P < 0.001) (Table 1). The immunohisto-
chemical staining of f-catenin is shown in Fig. le, f.
Positive vimentin immunostaining was distributed in the
epithelial cell cytoplasm. The ratio of vimentin positive
expression was 17.1% (27/158) in gastric cancer and only
7.0% (11/158) in normal gastric mucosa. The Xz-test
manifests a significant difference in the vimentin positive
expression between the gastric cancer group and the nor-
mal gastric mucosa group (P < 0.01) (Table 1). Vimentin
immunohistochemical staining is shown in Fig. 1g, h.
Correlations between EphA2, E-cadherin, -catenin and
vimentin expression and clinicopathologic characteristics
The correlations between the expression of EphA2,
E-cadherin, f-catenin and vimentin and the clinicopatho-
logical characteristics of gastric cancer patients are shown
in Table 2. The overexpression of EphA2 was closely
related to the depth of invasion (X2 = 6.459, P = 0.011),
TNM stage (3> = 4.590, P = 0.032) and lymph node
metastasis (;(2 = 4.444, P = 0.035), but no significant
correlation was present with patients’ age, gender, tumor
size, location and differentiation (P > 0.05). The down-
regulated expression of E-cadherin was associated with
tumor differentiation (xz = 4.435, P = 0.035), depth
of invasion (}52 =7.162, P =0.007), TNM stage
(4> =9.251, P=0.002) and lymph node metastasis
(}52 = 5.664, P = 0.017), but no correlation was present
with patients’ age, gender, tumor size and location
(P > 0.05). The positive expression of f-catenin correlated
only with lymph node metastasis (y* = 5.754, P = 0.016),
but no association with patients’ age, gender tumor size,
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Fig. 1 Immunostaining of
EphA2, E-cadherin, f-catenin
and vimentin in gastric cancer
and normal gastric mucosa
tissues. a Negative
immunostaining of EphA2 in
normal gastric mucosa.

b Positive cytoplasmic staining
of EphA2 in gastric cancer.

¢ Positive membranous staining
of E-cadherin in normal gastric
mucosa. d Negative
immunostaining of E-cadherin
in gastric cancer. e Positive
membranous staining of
f-catenin in normal gastric
mucosa. f Positive cytoplasmic
and nuclear staining of
p-catenin in gastric cancer.

g Negative immunostaining of
vimentin in normal gastric
mucosa. h Positive cytoplasmic
staining of vimentin in gastric
cancer. (SP method; original
magnification: x400)
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location, differentiation, depth of invasion and TNM stage
was present (P > 0.05). The ectopic expression of f-cate-
nin correlated with tumor differentiation (Xz = 6.607,
P = 0.010), depth of invasion ()(2 = 4.084, P = 0.043),
TNM stage (y = 7.041, P = 0.008) and lymph node
metastasis (x2 = 4.029, P = 0.045), but no association
with patients’ age, gender tumor size and location was
present (P > 0.05). A significant correlation between the
positive expression of vimentin and tumor differentiation
(X2 = 8.375, P = 0.004), depth of invasion (X2 = 5.431,
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P = 0.020), TNM stage (y* = 4.457, P = 0.035) and
lymph node metastasis (3> = 6.652, P = 0.010) was
present, but no correlation existed with patients’ age,
gender, tumor size and location (P > 0.05).

Correlation between EphA2, E-cadherin, ff-catenin and
vimentin expression in gastric cancer

The Spearman rank test indicated that the positive
expression of EphA2 was negatively correlated with
E-cadherin (r = —0.625, P < 0.001) and that the expres-
sion of EphA2 was positively associated with f-catenin
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Table 1 Expression of EphA2, E-cadherin, f-catenin and vimentin
in gastric cancer and normal gastric mucosa tissues

Groups n Cancer tissues Normal mucosa P

EphA2 158 0.005
Positive 96 71
Negative 62 87

E-cadherin 158 0.000
Positive 48 89
Negative 110 69

f-catenin 158 0.200
Positive 105 94
Negative 53 64

p-catenin 158 0.000
Ectopic 36 10
Normal 122 148

Vimentin 158 0.006
Positive 27 11
Negative 131 147

ectopic expression (r = 0.375, P < 0.001) and was posi-
tively correlated with vimentin expression (r = 0.330,
P < 0.001) (Table 3).

Survival analysis

In the present study, by using the Kaplan—-Meier method
with the log-rank test, the overall 5-year survival rate of
patients with positive EphA2 expression was significantly
lower than those with negative expression (P = 0.000,
Fig. 2a). The patients with a loss of E-cadherin expression
had a shorter survival duration (P = 0.000, Fig. 2b).
Similarly, the patients with ectopic f-catenin expression
had a significantly lower overall 5-year survival rate than
those with normal expression (P = 0.020, Fig. 2c). How-
ever, positive fi-catenin expression had no significant effect
on patients’ S-year survival rate (P = 0.085, Fig. 2d).
Compared with the group with negative vimentin expres-
sion, those patients with positive vimentin expression had a
lower 5-year survival rate (P = 0.029, Fig. 2e).

By way of the COX multivariate analysis, TNM stages,
lymph node metastasis, EphA2 expression, E-cadherin
expression and f-catenin ectopic expression were found to
be independent prognostic factors for human gastric cancer
after resection (P < 0.05, Table 4).

Discussion

In the present study, we detected the expression of EphA2
and the EMT-related proteins E-cadherin, f-catenin and

vimentin in gastric cancer, and we exposed the relationship
between these markers and the prognosis of the patients.

We found that the expression of EphA2 was signifi-
cantly higher in gastric cancer than in normal gastric
mucosa. Furthermore, the expression patterns of EphA2
correlated with tumor progression and lymphogenous
metastasis in gastric cancer.

Moreover, the overexpression of EphA2 was also found
to be significantly associated with the prognosis of the
patients who had undergone operations. These findings are
consistent with our previous study [6] and some other
studies of hepatocellular carcinoma [19, 20], nonsmall cell
lung cancer [21], glioblastoma multiforme [22], endome-
trial cancer [23], ovarian cancer [24] and colorectal cancer
[25].

Although there have been many studies of EphA2
expression in carcinomas, the research has seldom inves-
tigated the relationship between EphA2 and EMT. EMT
plays an important role in tumor progression of epithelial
cancers [26-28]. The loss of a polarized epithelial pheno-
type and the acquisition of mesenchymal properties endow
tumor cells with the capacity to invade surrounding tissues
and metastasize [27]. Therefore, we focused our efforts on
assessing the expression of three EMT-related proteins,
E-cadherin, f-catenin and vimentin, in gastric cancer.

The loss of E-cadherin is defined as a significant char-
acteristic of EMT [29]. This study found that E-cadherin
was down-regulated in gastric cancer compared with nor-
mal gastric mucosa and its down-regulation of expression
was closely associated with tumor differentiation, depth of
invasion, TNM stage and lymph node metastasis.
According to Almeida [30], the expression patterns of
E-cadherin significantly correlate with the histotypes of
gastric carcinoma. Reduced expression of E-cadherin has
been reported to be positively related to poor tumor dif-
ferentiation and a deeper tumor invasion [31]. The detec-
tion of missing E-cadherin may be helpful in predicting the
capability of tumor metastasis in gastric cancer. In
approximately 50% of diffuse-type carcinomas, such as
diffuse gastric carcinoma, an inactivating mutation in
E-cadherin exists. However, in the most common nondif-
fuse-type carcinomas, a common mechanism is probably
the silencing of E-cadherin as a result of hypermethylation
of the E-cadherin promoter [32].

Immunohistochemistry was performed to detect
f-catenin expression in gastric cancer tissues and to
determine whether expression correlates with clinicopath-
ologic characteristics. The ectopic expression of f-catenin
was closely related to tumor differentiation, depth of
invasion, TNM stage and lymph node metastasis. In addi-
tion, ectopic ff-catenin expression predicted a poor out-
come. Under normal conditions, f-catenin was associated
with E-cadherin to maintain cell-to-cell adhesion at the cell
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a3 Coton v
and vimentin expression in Positive Negative r P
gastric cancer
E-cadherin —0.625 0.000
Positive 7 41
Negative 89 21
p-catenin 0.143 0.073
Positive 69 36
Negative 27 26
p-catenin 0.375 0.000
Ectopic 34 2
Normal 62 60
Vimentin 0.330 0.000
Positive 26 1
Negative 70 61

membrane. [-Catenin has an established role as an essen-
tial mediator of the canonical WNT signal pathway [33]. In
the absence of WNT signals, cytosolic ff-catenin is targeted
for proteasomal breakdown by the APC-Axin—GSK com-
plex. When the WNT pathway is activated, binding of
WNT molecules to the frizzled receptors inhibits the
activity of the destruction complex and allows f-catenin to
accumulate and to translocate to the nucleus [34-36]. After
translocation to the nucleus and binding to TCF, f-catenin
promotes transcriptional activation of specific target
oncogenes, such as cyclin D1 or c-myc, which are asso-
ciated with proliferation [37, 38]. In gastric cancer, strong
nuclear accumulation of f-catenin was detected at the
invasive front, demonstrating that nuclear translocation of
p-catenin plays an essential role in the process of tumor
invasion [39] and that abnormal f-catenin would be a
useful prognostic marker for gastric carcinoma patients
[40]. Similar results have also been found in other carci-
nomas, such as colorectal cancer [41] and ampullary cancer
[42].

Our study demonstrates that vimentin positive expres-
sion in gastric cancer is associated with tumor differenti-
ation, depth of invasion, TNM stage and lymph node
metastasis. These results suggest that vimentin acts as a
mesenchymal marker and may play an important role in
tumor invasion and metastasis in gastric cancer. Our results
were identical to a previous study that discovered that the
acquisition of vimentin was associated with poorly differ-
entiated histology, advanced stage, lymph node metastasis
and lymphatic invasion in gastric cancer [43, 44]. Addi-
tionally, in epithelial cancer, vimentin expression and a
perturbation of E-cadherin-mediated cell adhesion both
appear to be markers of EMT-associated events in cell

invasion and migration [45]. Moreover, vimentin is also a
target of the f-catenin/TCF pathway, and its regulation
plays a role during epithelial cell migration [46].

On the basis of the above results, we assessed the con-
nection between EphA2 and EMT-related hallmarks,
E-cadherin, f-catenin and vimentin. We found that the
expression of EphA2 was inversely correlated with that of
E-cadherin. However, the mechanism of interaction
between EphA2 and E-cadherin is not yet clear. In human
mammary epithelial cells, the overexpression of EphA2
weakens E-cadherin-mediated cell-cell adhesion [47].
Conversely, VE-cadherin can regulate the expression of
EphA2 at the cell membrane by mediating its ability to
become phosphorylated through interactions with its
membrane-bound ligand, ephrin-Al [48]. Furthermore,
EphA?2 expression was positively associated with ff-catenin
ectopic expression and vimentin expression. To the best of
our knowledge, this is the first report that investigates the
relationship between EphA2 and EMT-related proteins in
gastric cancer.

The survival analysis demonstrated that the gastric
cancer patients with negative EphA2 expression had higher
survival rates than those with positive EphA2 expression,
and EphA2 expression was an independent prognostic
factor. This result is consistent with our previous studies in
gastric carcinoma [49] and hepatocellular carcinoma [19].
In addition, negative E-cadherin expression, ectopic
f-catenin expression and positive vimentin expression also
correlated with a poor outcome for the gastric cancer
patients. Similar results have been reported in a study by
Kim [43].

In conclusion, a high expression level of EphA2 is
associated with EMT-related markers in gastric cancer
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Fig. 2 The 5-year survival
curves of patients with gastric
cancer according to the
immunostaining results of
EphA2, E-cadherin, f-catenin
and vimentin determined by the
Kaplan—Meier analysis. a The
EphA2 positive expression
group (median 19 months) had a
shorter survival duration than
the EphA2 negative expression
group (median 31 months)

(P = 0.000). b The E-cadherin
positive expression group
(median 35 months) had a
longer survival duration than the
EphA2 negative expression
group (median 19 months)

(P = 0.000). ¢ The f-catenin
ectopic expression group
(median 18 months) had a
shorter survival duration than
the f-catenin normal expression
group (median 23 months)

(P = 0.020). d No significant
difference in survival duration
between the f-catenin positive
expression group (median 22
months) and the f-catenin
negative expression group
(median 24 months)

(P = 0.085). e The vimentin
positive expression group
(median 18 months) had a
shorter survival duration than
the vimentin negative
expression group (median 23
months) (P = 0.029)

Table 4 Multivariate survival
analysis for patients with gastric
cancer

RR, relative ratio;
CI, confidence interval

tissues. The overexpression of EphA2, the loss of epithelial
markers and the appearance of mesenchymal markers
indicate poor prognosis. EphA2, as an epithelial cell
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Depth of invasion (T1 + T2 vs. T3 + T4) 1.687 0.904-3.148 0.101
TNM stage (I + II vs. III + IV) 2.689 1.490-4.853 0.001
Lymph node metastasis (absent vs. present) 3.206 1.552-6.624 0.002
EphA2 (negative vs. positive) 1.623 1.090-2.417 0.017
E-cadherin (negative vs. positive) 0.574 0.371-0.886 0.012
p-catenin (negative vs. positive) 1.029 0.675-1.566 0.896
f-catenin (ectopic vs. normal) 2.071 1.259-3.408 0.004
Vimentin (negative vs. positive) 1.444 0.910-2.291 0.119

kinase, may play a role in the process of EMT.
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