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Abstract This study aims to investigate the expression and
significance of EphA2 and EphrinA-1 in human gastric
adenocarcinoma progression and prognosis. The expression
of EphA2 and EphrinA-1 was detected in the cell lines and
tissues of gastric adenocarcinoma. Different expression
levels of EphA2 and EphrinA-1 were found in two cell lines.
The expression of EphA2 and EphrinA-1 was significantly
higher in gastric adenocarcinoma tissues than in normal
tissues. Statistical analysis showed a significant correlation
of EphA2 expression with the depth of tumor invasion,
tumor-node-metastasis (TNM) stages, and lymph node
metastasis. EphrinA-1 over-expression was significantly
correlated with TNM stages and lymph node metastasis,
while EphA2 expression was found to be an independent
prognostic factor of postoperative gastric adenocarcinoma.
In conclusion, the increased expression of EphA2 and Eph-
rinA-1 plays an important role in the progression of human
gastric adenocarcinoma, in which elevated EphA2 expres-
sion is an independent factor that indicates poor prognosis in
postoperative gastric adenocarcinoma.
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Introduction

Gastric cancer remains the fourth most common malignancy
and the second leading cause of cancer-related death in the
world in 2005, accounting for an estimated 930,000 new
cases and 700,000 deaths per year [1]. The current best
approach for treating gastric cancer is the complete surgical
removal of the tumor with the adjacent lymph nodes. How-
ever, the efficacy of this therapeutic approach as well as
chemotherapy, hormone, and radiotherapy is very limited.
The prognosis of gastric cancer is poor, with an estimated
relative 5-year survival rate of <25% worldwide [2, 3].
Invasion, metastasis, and recurrence are the major causes of
death in gastric cancer patients and the key factors affecting
clinical treatment and prognosis. However, the mechanisms
of gastric cancer progression, invasion, and metastasis
remain unclear and, therefore, need further investigation.
Receptor tyrosine kinases (RTKs), the common products
of transforming oncogenes, have been widely used as indi-
cators in the genesis and progression of human tumors [4].
Until now, the erythropoietin-producing hepatocellular
(Eph) receptors have been recognized as the largest family of
RTKSs, which contains 14 distinct receptors, including eight
identified ligands. Eph receptors are involved in many cel-
lular processes through combining with their ephrin ligands,
including neural development, angiogenesis, and vascular
network assembly [5]. In the Eph family, EphA2 that locates
on human chromosome 1p36.1 is expressed at a lowest level
in epithelial cells [6]. However, such expression increased in
carcinoma cells, and the functional alterations of Eph
receptor kinases are prevalent in many tumors, including
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breast, lung, colorectal, and esophageal cancers [7—10]. It is
reported that high EphA2 expression level was correlated
with the metastasis and poor prognosis in both lung cancer
and esophageal cancer [8, 10]. More and more evidence has
suggested that the over-expression of EphA2 plays an
important role in the process of many human cancers [11,
12]. However, the expression and clinical significance of
EphA2 and its ligand EphrinA-1 in human gastric adeno-
carcinoma progression and prognosis remains unclear.

In the present study, we investigated the expression and
clinical significance of EphA2 and EphrinA-1 in two dif-
ferent cell lines and postoperative gastric adenocarcinoma
tissues.

Materials and Methods

Cell Culture

Two human gastric adenocarcinoma cell lines AGS and
SGC-7901 were purchased from the Institute of Biochem-

istry and Cell Biology at the Chinese Academy of Sciences
(Shanghai, China). The cancer cell lines were derived from

behaviors, such as highly aggressive cancer cell line AGS
and moderately aggressive cancer cell line SGC-7901 [13,
14]. The cells were cultured in RPMI 1640 medium
(Invitrogen, Carlsbad, CA, USA) supplemented with 10%
fetal bovine serum (FBS) (Invitrogen, Carlsbad, CA, USA),
100 IU/ml penicillin and 100 pg/ml streptomycin at 37°C,
and 5% CO, in a humidified atmosphere.

Patients and Tissue Preparation

During the period from January 2000 to March 2003, 176
patients with gastric adenocarcinoma, including 111 males
and 65 females, aged between 34-78 years (59.8 & 12.1
years), in the Department of General Surgery of Xiangya
Hospital in Central South University were selected
(Table 1). Radical resection was performed on these
patients. Their cancer tissues were excised and fixed in
10% neutral buffered formalin and then embedded in par-
affin blocks. Twenty-two cases of gastric adenocarcinoma
and paired normal tissues (6-cm distances from the cancer)
were randomly collected from each patient during opera-
tion from November 2007 to March 2008, of which gastric
adenocarcinoma and paired normal tissues were validated

gastric  adenocarcinoma  with different aggressive by a pathologist. One half of the specimen was snap-frozen
E;}?::Zlan(cjiog;ﬁ;;o:— llaetween Parameters n EphA2 EphrinA-1
immunostaining and Positive Negative P-value Positive Negative P-value
clinicopathologic features in
176 cases of gastric Age®
adenocarcinoma Mean + SD (years) 176 583 + 11.5 628 £ 12.6 0.597 59.8 +£11.9 619 £+ 12.8 0.653
Gender
Male 111 86 25 0.751 78 33 0.612
Female 65 49 16 48 17
Size of tumor®
Mean £ SD (cm) 176 104 £38 6.5=£29 0397 99+£36 77x3.1 0.502
Depth of tumor invasion®
T1 34 20 14 0.012 21 13 0.210
T2 40 29 11 28 12
T3 69 56 13 49 20
T4 33 30 3 28 5
Histologic type
Well 52 35 17 0.159 34 18 0.186
Moderate 60 48 12 41 19
# Statistical analyses were Foor b 64 52 12 31 13
performed with the Mann— TNM stage
Whitney U-test and the others I 34 20 14 0.007 18 16 0.023
were performed with the i test 10 37 27 10 26 11
b ljoth depth (;)f turrtlolrt in.vasion 1 65 51 14 48 17
miumornode et E “
the 1997 TNM classification of Lymph node metastasis
malignant tumors by the Positive 105 87 18 0.019 82 23 0.020
International Union Against Negative 71 48 23 44 27

Cancer [15]
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immediately and stored at —80°C for RNA extraction. The
other half was fixed in formalin and embedded in paraffin
for immunohistochemical staining. All of the patients had
not received either chemotherapy or radiotherapy before
surgery. The study was approved by the Research Ethics
Committee of Central South University, China. Informed
consent was obtained from all of the patients. All speci-
mens were handled and made anonymous according to the
ethical and legal standards.

Real-Time Reverse Transcriptase Polymerase Chain
Reaction

The EphA2 and EphrinA-1 mRNA levels in two gastric
adenocarcinoma cell lines and 22 paired case tissues were
measured by real-time reverse transcriptase polymerase
chain reaction (RT-PCR). The total RNA of cell lines and
tissues were extracted using the Trizol reagent (Invitrogen,
Carlsbad, CA, USA) following the manufacturer’s instruc-
tions. The concentration of RNA was measured by a
spectrophotometer. The cDNA pool was synthesized using
1 pg of total RNA and TagMan® Reverse Transcription
Reagents (Applied Biosystems, Foster City, CA, USA)
according to the manufacturer’s instructions. According to
Herath et al. [16], primers were synthesized by the TaKaRa
Biotechnology (Dalian, China). The primers for EphA2,
EphrinA-1, and 18S rRNA (internal control) were designed
as follows: EphA2 primer, forward 5'-GGGACCTGATGC
AGAACATC-3, reverse 5'-AGTTGGTGCGGAGCCAGT-
3’; EphrinA-1 primer, forward 5-CCGGAGAAGCTG
TCTGAGAA-3, reverse 5'- GGTTTGGAGATGTAGTAG
TAGCTGTG-3’; 18S rRNA forward 5'-GACTCAACAC
GGGAAACCTC-3, reverse 5'-AGCATGCCAGAGTCTC
GTTC-3'. EphA2, EphrinA-1, and 18S rRNA genes were
amplified from the cDNA pool using gene-specific primers
and Power SYBR® Green PCR Master Mix (Applied Bio-
systems, Foster City, CA, USA) in an ABI PRISM® 7700
Sequence Detection System (Applied Biosystems, Foster
City, CA, USA). The PCR cycling conditions in this study
were as follows: 50°C/10 min, and 95°C/30 s, 60°C/1 min,
72°C/1 min for 50 cycles. Quantitative RT-PCR was done at
least thrice, including a no-template control as the negative
control. The relative levels of EphA2 and EphrinA-1 mRNA
expression were represented as the ratio of EphA2 or Eph-
rinA-1-18S rRNA and were calculated from the standard
curve.

Western Blot
The cells were lyzed in extraction solution as previously
described [17]. Each 50 pg of SDS sample was loaded onto

12% SDS-PAGE gels and blotted onto an Optitran BA-S85
membrane (Schlischer & Schell, Dassel, Germany). The
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transferred membranes were subsequently incubated with
rabbit antibody against EphA2 (sc-924, dilution 1:200) or
EphrinA-1 (sc-911, dilution 1:200) (Santa Cruz, CA, USA)
at 4°C overnight. After washing, they were incubated with
ECL HRP-linked anti-rabbit IgG (Amersham Biosciences,
Piscataway, NJ, USA) for 1 h at room temperature. Bands
were visualized by employing the ECL Advance™
Detection System (Amersham Biosciences, Piscataway,
NIJ, USA). EphA2 or EphrinA-1 protein expression levels
were represented as the densitometric ratio of the targeted
protein to the housekeeping protein of f-actin. All reported
results were the average ratio obtained from three different
independent experiments for each cell line.

Immunohistochemistry

The tumor samples and the normal tissue as the control were
prepared by pathologists. The paraffin-embedded sections
were cut 4 pm thick and then deparaffinized and rehydrated.
Immunohistochemical staining was performed to detect the
expression of EphA2 or EphrinA-1 using the DAKO
EnVision™ System (Dako, Glostrup, Denmark). After
proteolytic digestion, the slides were blocked for peroxidase
with 2.5% hydrogen peroxide in methanol for 30 min at
room temperature and then incubated with primary anti-
body against EphA2 (sc-924, dilution 1:100) or EphrinA-1
(sc-911, dilution 1:100) (Santa Cruz, CA, USA) overnight
at 4°C. After washing, the slices were incubated with per-
oxidase labeled polymer and substrate chromogen. Finally,
the sections were incubated in phosphate buffered solution
(PBS) containing diaminobenzidine (DAB) for 5 min at
room temperature. The staining results of the targeted
proteins were observed under an Olympus microscope.
Negative controls were prepared by substituting the primary
antibody with non-immune rabbit serum (sc-2338, Santa
Cruz, CA, USA). Moreover, EphA2- and EphrinA-1-posi-
tive breast cancer tissues were prepared as positive controls
for immunohistochemistry. Two independent investigators
evaluated and scored the sections in ten random visual fields
for each section (double-blinded). The evaluation of the
staining results for EphA2 and EphrinA-1 was graded
semiquantitatively as previously [18, 19], and the expres-
sion intensity scores (0 points = 0-5%; 2 points = 6-50%;
3 points = more than 50%) and positive staining cell scores
(1 point = weak intensity; 2 points = moderate intensity; 3
points = strong intensity) were summed. Sum of scores >3
points were considered as significant over-expression and
noted as positive to simplify the data analysis.

Statistical Analysis

Continuous variables were expressed as y £ SD. Student’s
two-tailed t-test or the y* test was used to compare the
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expression between the cancer and paired normal tissues.
The protein expression and clinicopathologic parameters
were compared by the Mann—Whitney U test or y~ test. The
overall survival duration for 176 cases of postoperative
gastric adenocarcinoma was calculated from the date of
operation to that of death or 31st March 2008 using the
method of Kaplan—Meier. Those patients who died of
accidents or other diseases except gastric cancer were
excluded. The log-rank with trend test was used for the
ordinal datum of univariate analysis and a Cox proportional
hazards regression model was used for the multivariate
analysis of survival duration. Statistical analyses were
performed with SPSS software (version 13.0, SPSS, Inc.,
Chicago, USA). A P-value < 0.05 was considered to be
statistically significant.

Results

Expression of EphA2 and EphrinA-1 in Human Gastric
Adenocarcinoma Cell Lines

The expression levels of EphA2 and EphrinA-1 mRNA in
human gastric adenocarcinoma cell lines AGS and SGC-
7901 were detected by real-time RT-PCR (Fig. 1a). The
relative expression levels of EphA2 and EphrinA-1 mRNA
were higher in AGS (highly aggressive) than that in SGC-
7901 (moderately aggressive). Western blot analysis
showed that EphA2 and EphrinA-1 protein were highly
expressed in the two gastric adenocarcinoma cell lines.
However, compared with the SGC-7901 cell line, both
EphA2 and EphrinA-1 protein expressed slightly higher in
the AGS cell line (Fig. 1b), which is consistent with the
result of real-time RT-PCR.

Expression of EphA2 and EphrinA-1 in Human Gastric
Adenocarcinoma Tissues

The expression levels of EphA2 and EphrinA-1 mRNA in 22
cases of gastric adenocarcinoma and paired normal tissues
were compared by real-time RT-PCR. The relative expres-
sion levels of EphA2 mRNA were significantly higher in
gastric adenocarcinoma tissues than that in normal tissues
(2.092 £ 0.701vs.0.781 £ 0.335,¢ = 22.573, P < 0.001).
Similarly, the relative expression levels of EphrinA-1
mRNA were significantly higher in gastric adenocarcinoma
tissues than that in normal tissues (1.805 %+ 0.620 vs.
0.865 £ 0.369, r=20.117, P < 0.001). Immunohisto-
chemistry was used to analyze the protein expression of
EphA2 and EphrinA-1 in 22 paired cases. Positive EphA2
and EphrinA-1 immunostaining was diffusely distributed
throughout the cytoplasm. The positive rate of EphA2
expression was 77.3% (17/22) in gastric adenocarcinoma
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Fig. 1 Expression of EphA2 and EphrinA-1 in human gastric
adenocarcinoma cell lines AGS and SGC-7901. a The mRNA
expression of EphA2 and EphrinA-1 normalized with 18sRNA
mRNA quantified by real-time reverse transcriptase polymerase chain
reaction (RT-PCR). Columns: three parallel experiments; bars:
standard deviation. b The protein expression of EphA2 and Ephri-
nA-1 detected by Western blot, with f-actin as the internal marker

and 31.8% (7/22) in normal tissues. Positive expression of
EphrinA-1 was found in 16 cases of gastric adenocarcinoma
tissues (72.7%) and eight cases of normal tissues (36.4%).
The »* test indicated that the expression of both EphA2 and
EphrinA-1 protein in gastric adenocarcinoma tissues was
significantly higher than that in normal tissues (y* = 9.167,
P = 0.002 for EphA2; }52 = 5.867, P = 0.015 for EphrinA-
1). The immunohistochemistry staining result of the EphA2
and EphrinA-1 proteins is shown (Fig. 2).

Correlation between EphA2 and EphrinA-1 Expression
and Clinicopathologic Features

The correlation between the clinicopathologic features of
those patients with gastric adenocarcinoma and expressions
of EphA2 and EphrinA-1 protein in 176 cases of gastric
adenocarcinoma were shown in Table 1.

There was a significant correlation between EphA2
expression and the depth of tumor invasion (* = 10.972,
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Fig. 2 Immunohistochemistry
of EphA2 and EphrinA-1 in
human gastric adenocarcinoma
and normal tissues. The arrows
indicate the positive staining in
gastric glandular epithelium
(brown—yellow color). a
Negative expression of EphA2
in normal tissues (EnVision
method, x400). b Positive
expression of EphA2 in gastric
adenocarcinoma tissues
(EnVision method, x400). ¢
Negative expression of
EphrinA-1 in normal tissues
(EnVision method, x400). d
Positive expression of EphrinA-
1 in gastric adenocarcinoma
tissues (EnVision method,
x400)

P = 0.012). Considering TNM staging, the tumor stage
and EphA2 expression were significantly correlated (y* =
12.069, P = 0.007). EphA2 was expressed significantly
higher in cancer tissues from those cases with lymph node
metastasis than those without lymph node metastasis (87/
105 = 82.9% vs. 48/71 = 67.6%, y* = 5.514, P = 0.019).
However, EphA2 expression was not associated with the
patient’s age, sex distribution, tumor size, and differentia-
tion status (all P > 0.05).

EphrinA-1 expression was found to be correlated with
TNM stages (* = 9.545, P = 0.023). The gastric adeno-
carcinoma with lymph node metastasis had a higher
EphrinA-1 expression rate than that without lymph node
metastasis (82/105 = 78.1% vs.44/71 = 62.0%, )(2 = 5414,
P = 0.020). However, the EphrinA-1 expression rate was
not associated with the patient’s age, sex distribution, tumor
size, depth of tumor invasion, or differentiation status (all
P > 0.05).

Survival Analysis

The median survival duration in the patients with negative
and positive EphA2 expression was 39 and 16 months,
respectively. The patients with increased EphA2 expres-
sion had shorter survival duration (P = 0.029, Fig. 3a).
The median survival duration in those patients with nega-
tive and positive EphrinA-1 expression in tumor tissues
was 35 and 26 months, respectively. However, the impact
of EphrinA-1 expression on patients’ survival duration was
not statistically significant (P = 0.141, Fig. 3b).

@ Springer

In the Cox multivariate analysis, there were six
important clinical parameters, including the depth of
tumor invasion, TNM stages, lymph node metastasis,
Helicobacter pylori infection, EphA2 expression, and
EphrinA-1 expression. In these parameters, tumor TNM
stages, lymph node metastasis, and EphA2 expression were
found to be independent prognostic factors of human gas-
tric adenocarcinoma after resection (Table 2, P < 0.05).
The prognosis of the patients with EphA2-positive
expression was significantly worse than those patients with
EphA2-negative expression (hazard ratio = 2.197, 95%
CI = 1.521-4.819, P = 0.022).

Discussion

In the present study, we investigated the expression of
EphA2 and EphrinA-1 in two different human gastric
adenocarcinoma cell lines and clinical specimens of gastric
adenocarcinoma after resection. The expression levels of
EphA2 and EphrinA-1 were significantly higher in gastric
adenocarcinoma tissues compared with the normal tissues.
Our result indicated that EphA2 and EphrinA-1 played an
important role in the progression of human gastric adeno-
carcinoma at the cellular and tissue levels. Furthermore,
this large clinical sample study proved for the first time that
EphA2 was an independent predictive factor in the prog-
nosis of postoperative gastric adenocarcinoma.

In our study, the mRNA and protein expression levels of
EphA2 and EphrinA-1 were higher in gastric
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Fig. 3 Kaplan—Meier survival curves of patients with gastric adeno-
carcinoma according to the EphA2 and EphrinA-1 immunostaining
results. a Patients with EphrinA-1-positive immunostaining had less
survival duration than patients with EphrinA-1-negative immuno-
staining (P = 0.029). b No significant difference in survival duration
between patients with EphrinA-1-negative and -positive immuno-
staining (P = 0.141)

adenocarcinoma tissues than normal tissues, which was
consistent with other reports [20]. Meanwhile, EphA2 and
EphrinA-1 were obviously detected in both of the gastric
adenocarcinoma cell lines (AGS, SGC-7901). Abraham
et al. reported a carcinoma of the urinary bladder in which
EphA2 and EphrinA-1 were highly expressed [21].

However, the underlying mechanisms for EphA2 and
EphrinA-1 high expression are still unclear. Some studies
hypothesized that the high EphA2 expression in tumor cells
was due to increased protein stability [22-24]. Unstable
cell-to-cell contacts could functionally decrease EphA2
binding possibility with its membrane-anchored ligands,
further decreasing ligand-mediated degradation, which
contributes to the high expression of EphA2 and EphrinA-1
in tumor cells. Wu et al. found that the mRNA expressions
of EphA2 and EphrinA-1 not to be completely correlated
with their protein expressions in 20 cases of cervical car-
cinoma, suggesting that the discordance between mRNA
and protein expression levels may be due to post-tran-
scriptional level regulation in cervical carcinoma [25].
However, both mRNA and protein of EphA2 and EphrinA-
1 were over-expressed in gastric adenocarcinoma, indi-
cating the pre-transcriptional regulatory mechanism in
gastric adenocarcinoma.

Compared to moderately aggressive cancer cell lines,
SGC-7901, EphA2, and EphrinA-1 were highly expressed
in highly aggressive cancer cell lines AGS, which was
consistent with the results observed in ovarian carcinoma
cell lines. It has been reported that the EphA2 expression
was higher in moderately and highly aggressive ovarian
cancer cells than that in poorly invasive ovarian cancer
cells [18]. In this study, 176 cases of human gastric ade-
nocarcinoma were investigated and it was found that higher
EphA2 and EphrinA-1 protein expression levels correlated
with more aggressive behavior, indicating the important
roles of EphA2 and EphrinA-1 in the progression and
metastasis of human gastric adenocarcinoma after resec-
tion, which were consistent with the results observed in
ovarian carcinoma [26]. According to Ruoslahti [27], over-
expression of the receptor not only affected cell prolifera-
tion but also changed their invasive behavior, that is, the
receptors were mislocalized in malignant cells with high
levels of EphA2, being not able to bind their ephrin
ligands, and, therefore, not phosphorylated, resulting in
increased extracellular matrix adhesions and higher meta-
static potential. Hence, the EphrinA-1-induced down-
regulation of EphA2 may provide a new strategy for tumor
therapy. Recent studies suggested that the over-expression
of EphA2 promoted adherent junction destabilization

Table 2 Multivariate survival
analyses

# HR: hazard ratio

® CL: confidence interval

Parameter HR* 95% CI° P-value
Depth of invasion (T1 + T2 vs. T3 + T4) 1.239 0.691-1.731 0.415
Tumor-node-metastasis stages (I+1I vs. [HI+1V) 2.011 1.034-4.138 0.031
Lymph node metastasis (negative vs. positive) 4.762 2.979-8.622 0.001
Helicobacter pylori infection (negative vs. positive) 1.591 1.135-2.257 0.153
EphA2 expression (negative vs. positive) 2.197 1.521-4.819 0.022
EphrinA-1 expression (negative vs. positive) 1.465 1.027-1.977 0.165
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through a signaling pathway of recruitment of Src kinase,
activating LMW-PTP and RhoA GTPase, inhibiting p190
RhoGAP [28]. EphA2 physically and functionally inter-
acted with ErbB2 to amplify Ras/mitogen-activated protein
kinase (MAPK) and RhoA signaling in tumor cells, indi-
cating that EphA2 cooperated with ErbB2/Neu to promote
mammary adenocarcinoma tumorigenesis and metastatic
progression [29]. EphrinA-1 stimulated the growth of
EphA2-expressing melanoma cell lines, indicating that
EphrinA-1 was an autocrine growth factor for melanomas
[30]. However, the possible underlying mechanism needs
further investigation to prove its truth.

As revealed by univariate analysis, the patients with
positive EphA2 staining had significantly poorer survival
compared with those patients with negative EphA2
expression. More importantly, the Cox multivariate anal-
ysis indicated that the EphA2 protein expression was the
independent prognostic factor in human gastric adenocar-
cinoma after resection. High EphA2 expression has been
previously reported to be predictive for a shorter overall
survival in human ovarian carcinoma [26]. However, our
study was the first large clinical sample study regarding the
predictive factor of EphA2 in gastric adenocarcinoma. As a
result, a preoperative determination of EphA2 expression
may be useful in predicting the therapeutic effect and
postoperative survival of human gastric adenocarcinoma.

Conclusion

The increased expression of EphA2 and EphrinA-1 con-
tributes to gastric adenocarcinoma progression, in which
EphA2-elevated expression is a key indicator for poor
prognosis. Since EphA2 has been considered to be a target
for gene therapy, like RNA interference against pancreatic
adenocarcinoma and advanced ovarian cancer [31, 32], it is
plausible that EphA2 may also be beneficial for those
patients with gastric adenocarcinoma.
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