
Abstract. Receptor tyrosine kinases of the Eph subfamily
are involved in the development and the carcinogenesis of
certain cancers. In this study we investigated expression of
EphA1 in gastric carcinomas, and analyzed associations
between EphA1 expression and clinicopathological para-
meters to investigate the role of EphA1 in gastric carcinoma.
The level of EphA1 transcript expression in gastric carcinoma
tissue and corresponding normal tissue was determined by
quantitative real-time reverse transcriptase polymerase
chain reaction (RT-PCR). The status of the CpG island
associated with the promoter region of EphA1 was assessed
by methylation-specific PCR (MSP), and EphA1 protein
expression of was examined by immunohistochemical
staining (IHC). Down-regulation of EphA1 transcripts was
detected in 34% of the cases, up-regulation in 25% of the
cases, and no difference in expression in 41% of the cases.
The EphA1 transcript expression level was associated with
tumor size (P=0.05), stage (P=0.001), and lymph node
metastasis (P=0.011). Methylated EphA1 DNA was detected
in most of the carcinomas with EphA1 down-regulation that
were examined. EphA1 protein expression was associated
with depth of wall invasion (P=0.069), stage (P<0.001), and
lymph node metastasis (P=0.018). The survival analysis
showed that patients whose tumor exhibited EphA1 up-
regulation had a poorer outcome than those whose tumor
exhibited down-regulation (P=0.005) or no difference in
expression (P=0.003). EphA1 may have roles in invasion and
metastasis by gastric carcinoma. The EphA1 expression level
is a potential prognostic marker in gastric carcinoma, and the

EphA1 gene may provide a novel target of therapy for
gastric carcinoma.

Introduction

Gastric cancer is very common worldwide, especially in
Eastern Asia, the Andean regions of South America, and
Eastern Europe. Although a steady decline in incidence and
mortality rates has been observed, the absolute number of
new cases has been increasing annually, and gastric carci-
noma is now the second leading cause of cancer deaths
worldwide (1). Epidemiological studies have shown that
Helicobacter-pylori infection is an important factor in the
carcinogenesis of gastric carcinoma, and other factors,
including diet, alcohol consumption, and tobacco have been
shown to be associated with the risk of gastric carcinoma and
its precursor lesions. Accumulating evidence has indicated
that gastric carcinoma is also associated with various genetic
and epigenetic alterations of oncogenes, tumor suppressor
genes, DNA repair genes, cell cycle regulators, and cell
adhesion molecules (2-9). However, the genetic and epigenetic
changes associated with the development, progression, and
prognosis of gastric carcinoma are still poorly understood.

Receptor tyrosine kinases of the Eph family and Ephrin
ligands play important roles in vascular development, tissue-
border formation, cell migration, axon guidance, and angio-
genesis, and abnormal expression of Eph receptor tyrosine
kinases in cancers is related to malignant transformation,
tumor metastasis, tumor differentiation, and outcome. EphA1,
the first member of the Eph receptor tyrosine kinase family
ever discovered, was isolated from erythropoietin-producing
hepatocellular carcinoma cell lines and is located on chromo-
some 7q34 (10). It is widely expressed in normal tissue
including lung, small intestinal, kidney, bladder, thymus, and
colon tissue (11). The level of EphA1 expression in human
cancers is variable, with overexpression of EphA1 having
been observed in certain types of tumors, including ovarian
carcinoma (12), and squamous cell carcinoma of the head
and neck (13), and reduced expression detected in prostate
cancer cell lines (14), breast carcinoma cell lines (15), and
basal cell carcinomas and squamous cell carcinomas of the
skin (16). However, the role of EphA1 in the carcinogenesis
of digestive tract tumors is unknown. We previously reported
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finding correlations between down-regulation of EphA1
in colorectal carcinomas and invasion and metastasis, and
that reduced EphA1 expression is associated with poor over-
all survival (17), while another study demonstrated that epi-
genetic silencing of EphA1 expression in colorectal cancer
is correlated with poor survival (18). In the present study
we evaluated expression of EphA1 in a set of gastric carci-
nomas and analyzed its association with clinicopathological
parameters and survival.

Materials and methods

Gastric carcinoma tissue specimens. All of the tissue
samples in this study were collected from 145 patients with
gastric carcinoma who underwent surgery at the Nanjing
Jinling Hospital. In 56 gastric carcinomas fresh tissue and
adjacent normal mucosa were obtained from surgical speci-
mens resected during operations performed between 2005
and 2006, and the fresh tissue samples were frozen in liquid
nitrogen immediately after the resection and stored at -80˚C

for preparation of the total RNA. The other 89 tissue samples
were from formalin-fixed and paraffin-embedded tissue
specimens with follow-up data obtained from the Pathology
Department, and the specimens were obtained during surgery
performed between 2002 and 2006 at Nanjing Jinling
Hospital. This study is a part of a gastric carcinoma project
approved by the Research Ethics Board of the Nanjing
Jinling Hospital, Nanjing University School of Medicine
and Hamamatsu University School of Medicine. The tissue
specimens examined in our study were diagnosed patholo-
gically. The clinicopathological features of the 145 gastric
carcinoma patients are shown in Table I.

Total RNA extraction and quantitative real-time RT-PCR.
Total RNA was extracted from tumor tissue and adjacent
normal mucosa by homogenizing tissue in TRIzol reagent
(Invitrogen, CA, USA) according to the manufacturer's
protocol. For reverse transcription, a 2-μg sample of total
RNA was used for cDNA synthesis with oligo (dT) primers
and M-MLV reverse transcriptase (Promega, Madison,
WI, USA) in a final volume of 20 μl. Expression of EphA1
transcripts in the carcinoma samples was detected by sub-
jecting the cDNAs to quantitative real-time reverse transcri-
ptase-polymerase chain reaction (RT-PCR). The reactions
were performed in triplicate. The sense and antisense
primers and TaqMan probe for EphA1 were designed
according to the mRNA sequence (GenBank accession
number NM_005232). Amplification of PCR fragments
spanning different exons was used to prevent contamination
by genomic DNA. The sense primer used was 5'-ATCTTTG
GGCTGCTGCTTGG-3', and the anti-sense primer was 5'-G
CTTGTCCTCTCGATCCACATC-3'. The PCR products
were 127 bp long. The TaqMan probe used was 5'-(FAM)
CGGTCACGCTGCCTCTGCTGCC (Eclipse)-3'. The
housekeeping gene glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) was used as an internal control (GenBank
accession number: NM_002046). The sense primer used was
5'-CCAGGTGGTCTCCTCTGACTT-3', and the anti-sense
primer was 5'-GTTGCTGTAGCCAAATTCGTTGT-3'. The
PCR products were 130 bp long. The probe used was 5'-
(FAM) AACAGCGACACCCACTCCTCCACC (Eclipse)-3'.
The EphA1 mRNA expression values were normalized to
GAPDH expression. The primers and probes for EphA1 and
GAPDH were synthesized by Takara Biotechnology, Inc.,
(Dalian, China). The reaction mixture consisted of 3.0 μl 10X
buffer, 3.0 μl 2.0 μmol/l deoxy-ribonucleoside triphosphates
(dNTPs, Invitrogen), 3.0 μl 3 μmol/l sense primer, 3.0 μl
3.0 μmol/l antisense primer, 1.0 μl 3 μmol/l fluorescence
probe, 0.20 μl 5U/μl Takara ExTaq Hotstart Taq (Takara
Biotechnology), 0.6 μM 5-carboxy-X-rhodamine (ROX)
reference dye (Invitrogen), 2.0 μl cDNA template, and distilled
water to a total volume of 30 μl. The PCR cycling conditions
were: 2 min at 95˚C followed by 40 amplification cycles
of denaturation at 94˚C for 30 sec, annealing at 59˚C for
30 sec, and elongation at 72˚C for 1 min.

Methylation-specific PCR (MSP). Genomic DNA was
modified by sodium bisulfite as we previously described
(19). Primers were designed by using the MethPrimer soft-
ware program on the Internet (http://www.urogene.org/
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Table I. Characteristics of 145 patients with gastric carcinoma.
–––––––––––––––––––––––––––––––––––––––––––––––––

mRNA Protein and
Variable and protein follow-up Total no.
–––––––––––––––––––––––––––––––––––––––––––––––––
Case no. 56 89 145

Gender
Male 41 64 105
Female 15 25 40

Age (years)
≤50 9 23 32
>50 47 66 113

Tumor differentiation
Moderate 26 33 59
Poor 30 56 86

Tumor size (cm)
<5 25 47 72
≥5 31 42 73

Depth of wall invasion
Mucosa, submucosa 2 9 11
Muscularis propria 13 13 26
Subserosa, serosa 41 67 108

Stage
I + II 22 33 55
III + IV 34 56 90

Microscopic subtypes
Intestinal 38 52 90
Diffuse 15 36 51
Atypical 3 1 4

Lymph node metastasis
Present 38 60 98
Absent 18 29 47

–––––––––––––––––––––––––––––––––––––––––––––––––
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methprimer/) to discriminate between methylated and
unmethylated alleles following sodium bisulfite treatment.
Two-microliter aliquots were amplified in a 30-μl reaction
mixture consisting of 1X buffer (10 mM Tris-HCl, 2.0 mM
MgCl2, 50 mM KCl, pH 8.3), 1 U Takara ExTaq Hotstartaq,
260 μM dNTPs, and 0.3 μM of the primer sets. The PCR
reaction conditions were 2 min at 95˚C, then 35 cycles of
94˚C for 30 sec, 55˚C for 30 sec, and 72˚C for 1 min, and
finally 10 min at 72˚C. The methylation-specific primers
were 5'-ATTCGGGTTATTGTTTTAGGTTTC-3' (forward)
and 5'-GAAAATCGATACCTTCCTTAACG-3' (reverse).
The PCR products were 129 bp. Unmethylation-specific
primers were 5'-ATTTGGGTTATTGTTTTAGGTTTTG-3'
(forward) and 5'-ACAAAAATCAATACCTTCCTTAA
CAC-3' (reverse). Primer sets for detection of methylated
and unmethylated DNA were located at the same sites
in the genomic sequence (forward primer at -35 to -12
from the translation start site; reverse primer at 71-93). The
PCR products were 131 bp long. The PCR products were
separated on 8% non-denaturing polyacrylamide gel, and
they were stained with ethidium-bromide.

Immunohistochemical staining (IHC). Sections from the
surgical specimens fixed in 10% formalin and embedded
in paraffin were used for immunohistochemical staining
by the standard method. Briefly, each 4-μm tissue section
was deparaffinized and rehydrated. After rehydration through
a graded ethanol series, the sections were autoclaved in
10 mM citrate buffer (pH 6.0) at 120˚C for 2 min for antigen
retrieval, then cooled to 30˚C and washed with phosphate-
buffered saline (PBS, pH 7.3). After blocking non-specific
sites had been blocked with 10% normal calf serum in
phosphate-buffered saline for 10 min, the sections were
incubated at 4˚C overnight with an anti-EphA1 polyclonal
antibody (Abgent, San Diego, CA, USA) at a 1:100 dilution
in Antibody Diluent (Zymed, Invitrogen, USA), then washed
with PBS. Next the sections were incubated with secondary
antibody (Dako, UK) for 30 min at room temperature. Color
development was performed with 3,3'-diaminobenzidine
(DAB). Nuclei were lightly counterstained with hematoxylin.
The adsorption test was performed by incubating the anti-
genic peptide used to generate the antibody. Two pathologists
independently assessed the immunostained slides, and any
differences in the staining scores were resolved by consensus.
Staining intensity was scored using the following scale:
negative, 0; weak, 1; moderate, 2; and strong, 3. Staining was
semiquantitatively scored according to the proportion of cells
that stained by using the following scale: 0, no cells stained;
1, <10% stained; 2, 10-50% stained; and 3, >50% of the
cells stained. The scores for expression and proportion of
positive cells that stained were added. EphA1 expression
was assessed by comparing the scores of tumor tissues and
adjacent normal mucosa tissues.

Statistical analysis. The statistical significance of intergroup
differences was evaluated by a ¯2 test. All statistical analyses
were performed by using SPSS software program (SPSS,
Chicago, IL). Kaplan-Meier survival analysis was used to
examine the relationship between categorical groups and
survival in the univariate analysis. A two-sided P-value of

<0.05 was considered statistically significant in all of the
statistical tests.

Results

Differences in expression of EphA1 transcripts by gastric
carcinomas. Expression of EphA1 transcripts was detected
by real-time PCR in all 56 gastric carcinoma specimens
that contained paired normal mucosa and tumor. There
was marked interspecimen variability in the levels of EphA1
expression in the gastric cancer specimens (Fig. 1). The
specimens were divided into three groups according to the
ratio of the EphA1 expression level in the normal mucosa to
the level in the tumor tissue: a group in which the ratio of the
level of EphA1 expression in the normal mucosa to the level
in the tumor tissue was >2 (normal mucosa, tumor ratio >2,
N/T>2; group A); a group in which the ratio was <0.5
(normal mucosa, tumor ratio <0.5, N/T<0.5; group B); and a
group in which the ratio was between 0.5 and 2; group C
(Table II). Down-regulation of EphA1 (normal mucosa,
tumor ratio >2, N/T>2) was observed in 19 out of the 56
(34%) gastric carcinoma specimens; overexpression of EphA1
(normal mucosa, tumor ratio<0.5, N/T<0.5) was observed
in 14 out of the 56 (25%) gastric carcinoma specimens; and no
difference in expression (normal mucosa, tumor ratio between
0.5 and 2, N/T 0.5-2) was observed in 23 of the 56 (41%)
specimen.

Associations between EphA1 transcript expression and
clinicopathological parameters. The associations of the
EphA1 transcript expression and various clinical variables
are shown in Table II. There was a significant correlation
between EphA1 transcript expression and tumor size
(P=0.05), tumor stage (P=0.001), and lymph node metastasis
(P=0.011). No significant correlations were found between
EphA1 transcript expression and gender, age, differentiation,
or microscopic subtype.

Methylated EphA1 DNA was detected in most specimens with
down-regulation of EphA1 expression. The methylation status
of the 5'CpG island around the translation start site was
assessed by the methylation-specific PCR (MSP) (Fig. 2).
Evidence of hypermethylation of the 5'CpG island was found
in some of gastric carcinoma specimens. Methylated EphA1
DNA was detected in 16 (42%) of 38 gastric carcinoma
samples, and the 16 samples were from 12 (80%) of 15
tumor specimens in which EphA1 was down-regulated,
and from 4 (17%) of 23 tumor specimens in which the
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Figure 1. EphA1 transcript expression was detected by RT-PCR in gastric
cancer tumor tissue (T) and corresponding normal mucosa (N).
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EphA1 was not down-regulated. Hypermethylation status
was significantly associated with the level of EphA1 tran-
script expression (P=0.001). It is noteworthy that methylated

DNA was also detected in one tumor sample in which the
expression of EphA1 was overexpressed (Table III). Analysis
of the relations between hypermethylation and clinicopatho-
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Table II. Relation between expression of EphA1 transcript and protein and clinicopathological parameters of gastric carcinomas.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

EphA1 transcript expression EphA1 protein expression
–––––––––––––––––––––––––––– ––––––––––––––––––––––––––––

Down- No Up-
Variable N/T >2 N/T 0.5-2 N/T <0.5 P-value regulation change regulation P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Case no. 19 23 14 80 26 39

Gender
Male 13 19 9 0.401 54 20 31 0.331
Female 6 4 5 26 6 8

Age (years)
≤50 2 2 5 0.068 17 5 10 0.802
>50 17 21 9 63 21 29

Differentiation
Moderately differentiated 9 13 4 0.254 29 13 17 0.422
Poorly differentiated 10 10 10 51 13 22

Tumor size (cm)
<5 12 6 7 0.05 40 16 16 0.268
≥5 7 17 7 40 10 23

Depth of wall invasion
Mucosa, submucosa 2 0 0 7 4 0 0.069
Muscularis propria 6 5 2 0.373 17 5 4
Subserosa, serosa 11 18 12 56 17 35

Stage
I + II 13 8 1 0.001 41 11 3 <0.001
III + IV 6 15 13 39 15 36

Microscopic subtypes
Intestinal 14 14 10 0.789 50 17 23 0.964
Diffuse 5 7 3 28 9 14
Other 0 2 1 2 0 2

Lymph node metastasis
Present 8 18 12 0.011 47 18 33 0.018
Absent 11 5 2 33 8 6

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table III. The relation between expression of EphA1mRNA and the hypermethylation of DNA in gastric tumor tissues.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
mRNA expression Case no. Hypermethylation (+) Hypermethylation (-) P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Down-regulation 15 12 3 0.001

No change 18 3 15

Up-regulation 5 1 4
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Total number 38 16 22
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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logical parameters revealed significant associations between
EphA1 methylation status and both tumor differentiation and
size (Table IV).

Expression of EphA1 protein in normal gastric mucosa cells
and gastric carcinoma cells. A polyclonal EphA1 antibody
was used to immunohistochemically stain 145 formalin-
fixed paraffin-embedded specimens (Fig. 3). EphA1
protein expression varied between gastric cancer cells and
adjacent normal mucosa cells, and heterogeneous staining
was observed. EphA1 immunoreactivity was observed in the
cytoplasm, the golgiosome, or both. Down-regulation of
EphA1 protein was observed in 80 (55%) of the 145 tumor
specimens, overexpression of EphA1 protein in 39 (27%)
out of the 145 tumor specimens, and no difference in 26
(18%) of the 145 tumor specimens (Table II).

Associations between EphA1 protein expression and the
clinicopathological parameters. The associations between
the EphA1 protein expression and the clinicopathological
characteristics are shown in Table II. EphA1 protein was
significantly overexpressed in tumors in the patients with
advanced stage (P<0.001) and with lymph node metastasis
(P=0.018). Overexpression of EphA1 protein was associated
with depth of wall invasion (P=0.069). The EphA1 protein
expression was not associated with any of the other clinico-
pathological characteristics.

Overexpression EphA1 protein was associated with poor
survival of gastric carcinoma patients. Gastric carcinoma
patients who underwent surgery at Nanjing Jinling Hospital
between March 2002 and March 2006 were followed up
and data for 87 patients are available. The follow-up period

was 4-63 months, and the median follow-up period was 24
months. Paraffin tissue samples were collected and immuno-
histochemically stained with the specific EphA1 antibody,
and we investigated associations between EphA1 protein
expression and clinical outcome. The Kaplan-Meier survival
analysis showed that patients whose tumor showed EphA1
up-regulation had a shorter survival time than those with
reduced EphA1 expression (log-rank test, P=0.005) or no
difference in expression (P=0.003) (Fig. 4).

Discussion

Roles of the receptor tyrosine kinases (RTKs) in both normal
physiology and oncogenesis have been well-established.
The genes that encode Eph receptors, the largest subfamily
of receptor tyrosine kinases, are primarily considered to
be classical oncogenes, and overexpression of the EphA2
receptor has been well documented in many human cancers,
including prostate cancer (20), colorectal cancer (21),
gastric cancer (22), ovarian cancer (23), and endometrial
cancer (24). Elevated EphA2 expression is correlated with
disease stage, increased tumor metastasis, and poor patient
survival. EphA2 plays a critical role in cancer progression.
Overexpression of EphA4 correlates with liver metastasis in
colorectal cancer (25), and promotes cancer cell growth in
pancreatic ductal adenocarcinoma (26). However, the role
of Eph receptors and Ephrin ligands in oncogenesis appears
to be complex and remains ill-defined (27-29). There are
increasing conflicting data regarding Eph receptor genes in
different cancer types, especially in regard to the putative
function of the genes that encode Eph receptors as oncogenes
or tumor suppressor genes. The loss of expression of EphA3
in human T-cell line HPB-ALL is associated with hyper-

ONCOLOGY REPORTS  24:  1577-1584,  2010 1581

Figure 2. Hypermethylation of the CpG island of EphA1 was investigated by MSP. (A) Schematic diagram showing the promoter-associated CpG island
in EphA1 and the location of the PCR primer sets for specific detection of methylated and unmethylated EphA1 DNA. The arrow points to the translation
start site of EphA1. (B) Methylated and unmethylated EphA1 DNA were detected in gastric carcinoma tissue and normal mucosa.
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methylation of 5' upstream CpG island (30). Recent research
findings regarding EphB2 and EphB4 in colorectal cancers
have strengthened the hypothesis that Eph receptor gene
can function as a tumor suppressor gene (25,31-33).

Wang et al have previously reported that down-regulation
of the EphA7 receptor in colon cancer cell lines and colo-
rectal cancer samples is secondary to hypermethylation of
the 5'CpG island, and that down-regulation of the EphA7
is related to the differentiation of colorectal cancers (34).
Investigation of expression of EphA7 in gastric carcinomas
showed that EphA7 was decreased in all gastric cancer cell
lines tested, but was markedly variable in gastric carcinoma
specimens. Overexpression of EphA7 was more frequently
observed in tumors from younger patients and patients with
advanced stage disease, and no significant relation has been
found between the expression of EphA7 and differentiation
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Table IV. Relation between methylation status of EphA1 and
clinicopathological parameters.
–––––––––––––––––––––––––––––––––––––––––––––––––

Methylation status
–––––––––-

Variable + - P-value
–––––––––––––––––––––––––––––––––––––––––––––––––
Case no. 16 22

Gender
Male 12 17 1
Female 4 5

Age (years)
≤50 3 1 1
>50 13 21

Differentiation
Moderately differentiated 10 9 0.058
Poorly differentiated 6 13

Tumor size (cm)
<5 12 7 0.023
≥5 4 15

Depth of wall invasion
Mucosa, submucosa 1 0
Muscularis propria 5 5 0.712
Subserosa, serosa 10 17

Stage
I + II 8 7 0.182
III + IV 8 15

Microscopic subtypes
Intestinal 13 14 0.245
Diffuse 2 6
Other 1 2

Lymph node metastasis
Present 10 17 0.471
Absent 6 5

–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 3. Immunohistochemical staining of EphA1 in gastric carcinomas. (a)
Gastric carcinoma cells that had lost EphA1 protein expression. (b) Gastric
carcinoma cells stained positive for EphA1 protein. (c) Down-regulation
of EphA1 protein in gastric carcinoma. The normal gastric gland cells on the
right show very strong brown staining, and the tumor cells show weak
staining. (d) Up-regulation of EphA1 protein in gastric carcinoma. The normal
gastric gland cells on the right show weak positive staining in comparison
with the carcinoma cells. (e and f) Result of the adsorption test. The left panel
(e) shows the adsorption of the antibody thereby validating the specificity of
the antibody.

Figure 4. Kaplan-Meier plots of overall survival showing that the patients
whose tumors exhibited EphA1 up-regulation had a shorter survival time
(months) than those whose tumors exhibited EphA1 down-regulation
(P=0.005) or no difference in expression (P=0.003). Lane 1, patients whose
tumors exhibited down-regulation of EphA1; lane 2, patients whose tumors
exhibited up-regulation of EphA1; and lane 3, patients whose tumors
exhibited no difference in expression.
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of gastric carcinoma (19). The above findings indicate that Eph
receptors have unique functions that depend on the organ or
cell lineage.

In the present study differential expression of EphA1
transcripts and protein was detected in a set of gastric carci-
noma specimens. Consistent results for EphA1 transcript and
protein expression level were found in 34 (61%) out of 56
tumor samples that contained with both fresh and paraffin
fixed tissues, and in the other 22 (39%) the results were not
consistent. This may partly be explained that by post-tran-
scription regulation mechanisms. EphA2 has been demon-
strated to contribute to tumor progression in several tumor
types. Expression of EphA2 mutants lacking the cytoplasmic
domain or carrying a point mutation in breast cancer cells
resulted in decreased tumor volume and increased tumor
apoptosis (35). siRNA knock-down of EphA2 expression in
pancreatic cancer cells inhibits tumor growth and metastasis
(36), and soluble EphA2-Fc receptor has been shown to
effectively inhibit EphA2 receptor phosphorylation and
tumor growth and metastasis (37). Our findings in this study
indicated that EphA1 may have roles in the progression of
gastric carcinoma. Gastric cancer cells that overexpressed
EphA1 had greater invasive potential: 35 out of 39 (90%)
tumors that overexpressed EphA1 had invaded to the serosa
or subserosa, whereas only 56 (70%) of 80 tumors in patients
with EphA1 down-regulation had invaded to the serosa or
subserosa (P=0.069). Our data indicated that EphA1 may
play different roles in progress of gastric carcinoma com-
paring with the roles in progress of colorectal carcinoma. The
functions of EphA1 as an oncogene or a tumor suppressor
depend on the organs where the cells located.

Expression of EphA1 transcripts and protein in gastric
carcinoma was significantly associated with tumor metastasis
(P=0.011 and P=0.018, respectively). The patients whose
tumor exhibited up-regulation of EphA1 more commonly had
lymph node metastasis. Gastric carcinoma patients whose
tumor exhibited down-regulation of EphA1 transcripts had
smaller tumors (P=0.05), however, the same finding was not
observed in patients whose tumors exhibited down-regulation
of EphA1 protein (P=0.268). Patients with up-regulation of
EphA1 transcripts or protein had more advanced disease than
those whose tumors exhibited down-regulation (P=0.001 or
P<0.001). No significant associations between expression
of EphA1 transcripts and protein and sex, differentiation, or
microscopic subtypes were observed.

There is a CG-rich region around EphA1 translation start
site (Fig. 2), and the CG sites in this region can be divided
into two groups, a 153 bp CG group (5'-CG-rich region)
upstream of the translation start site and a 251 bp CG group
(3'-CG-rich region) downstream of the translation start site.
Methylation has been detected in the 5'-CG-rich region in
colorectal cancer and corresponding normal samples, sug-
gesting that this region is not involved in gene regulation. An
inverse correlation has been found between methylation of
CpG islands in the 3'-CG-rich region and EphA1 expression
in colorectal cancers (18). We designed a set of methylation
specific PCR (MSP) primers for 3'-CG-rich region to detect
methylated and unmethylated EphA1 DNA, and we detected
methylated EphA1 DNA in five colon cancer cell lines (17).
In the present study we used MSP to analyze the methylation

status of EphA1 in 38 fresh gastric carcinoma tissues (each
including normal tissue and tumor tissue). Methylated EphA1
DNA was detected in most tumor tissues (12/15, 80%) that
exhibited down-regulation of EphA1 transcript expression,
suggesting epigenetic mechanism plays a role in expression
of EphA1. Methylated EphA1 was detected in 3 of 18 samples
in which there was no difference in expression between the
normal tissues and tumor tissue, and in 1 of 5 samples in
which EphA1 transcript expression was up-regulated. This
can be partly interpreted as meaning that inflammation had
developed in the tumor tissue. Another explanation is that
the methylation status of gastric carcinoma cells is hetero-
geneous, and that small percentage of methylated cells
detected by MSP could not alter the level of EphA1 expression
in the tumor as a whole. EphA1 methylation in gastric
carcinoma was associated with both tumor differentiation
and tumor size (P=0.058 and P=0.023, respectively). No
significant associations between EphA1 hypermethylation
and other clinicopathological parameters were observed.

Follow-up information for 87 gastric carcinoma patients
was available, and the association between EphA1 protein
expression and overall survival rate was analyzed. The overall
survival time of the patients with EphA1 up-regulation was
shorter than that of the patients whose tumors exhibited
down-regulation (P=0.005) or no difference in expression
(P=0.003). Our data indicated that patients whose tumor
exhibited overexpression of EphA1 had a poor prognosis.
Briefly, the results of this study indicated that the EphA1
gene may play the role of an oncogene in gastric carcinoma,
although intensive cell biological studies both in vitro and
in vivo should be carried out to elucidate the mechanisms.
The level of EphA1 expression may be useful as a potential
prognostic marker in gastric carcinoma, and the EphA1 gene
may serve as a novel target of therapy for gastric carcinoma.
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