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Silencing of EphA2 inhibits invasion of human gastric cancer SGC-7901  
cells in vitro and in vivo
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Receptor tyrosine kinases (RTKs), the common products of transforming oncogenes, have been widely used as indicators in 
the genesis and progression of human tumors. Until now, the erythropoietin-producing human hepatocellular (Eph) receptors 
have been recognized as the largest family of RTKs. EphA2, one member of Eph receptors, locates on human chromosome 
1p36.1 which is a hot region for cancer research. It has been reported that high EphA2 expression levels were correlated 
with the tumor metastasis and poor prognosis. Increased expression of EphA2 can promote tumor growth and enhance the 
metastatic potential. To further define the function of EphA2 in malignant invasion, we employed the small interference
RNA (siRNA) technique to knockdown gene expression of EphA2 in the gastric cancer SGC-7901 cell. Our results showed 
that the expression of double stranded RNA led to the efficient and specific inhibition of endogenous EphA2 expression in 
SGC-7901 cells. Silencing of EphA2 expression inhibited cell proliferation, caused cell cycle arrest, and decreased cell invasion 
in vitro. In addition, intratumoral injection EphA2 siRNA plasmid suppressed the growth of SGC-7901 cells xenografts in
nude mice. Furthermore, knockdown of EphA2 expression reduced the expression of matrix metalloproteinase-9 (MMP-9) 
in vitro and in vivo. In conclusion, our findings demonstrate that silencing of EphA2 inhibits gastric cancer SGC-7901 cell
proliferation, invasion and MMP-9 expression, which indicate that the specific inhibition of EphA2 may be a potential ap-
proach for gastric cancer therapy.
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Receptor tyrosine kinases (RTKs), the common products of 
transforming oncogenes, have been documented or suspected 
to be involved in mediating processes leading to the genesis 
and progression of malignancy [1]. Until now, the erythro-
poietin-producing hepatocellular (Eph) receptors have been 
recognized as the largest family of RTKs, which contains 14 
distinct receptors including eight identified ligands. In the Eph
family, EphA2 that locates on human chromosome 1p36.1 
is expressed at a lowest level in epithelial cells [2]. However, 
elevated EphA2 was frequently observed in human cancers 
and associated with tumor progression, including glioblas-
toma, non-small cell lung cancer, hepatocellular carcinoma, 
colorectal and endometrial cancer [3-7]. We have previously 
demonstrated that overexpressed EphA2 was detected in 77.3% 
of gastric cancer patients and correlated with the metastasis 
and poor prognosis [8]. Moreover, EphA2 overexpression pro-

moted ovarian cancer growth by enhancing cell-extracellular 
matrix (ECM) adhesion, increasing anchorage-independent 
growth [9]. However, the exact mechanisms for EphA2 in gas-
tric cancer invasion are complicated and need further study.

Matrix metalloproteinases (MMPs), a group of zinc-
dependent endopeptidases, have been well documented to 
have important functions in cancer invasion and metastasis 
mediated principally by their activities in degrading ECM 
and basement membrane [10]. Among the MMPs, MMP-9 
(gelatinase-B) has been paid much attention because it induces 
cancer metastasis by degrading denatured collagens (gelatins) 
and type IV collagen, which are the major structural compo-
nent of the ECM [11]. Higher expression of MMP-9 is involved 
in the progression of many cancers, including gastric cancer 
[12,13]. There is considerable evidence to indicate that MMP-
9 is the most important mediators of tumor migration and 
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invasion among MMPs [14]. In our previous study, a positive 
correlation between EphA2 and MMP-9 expressions has also 
been confirmed in hepatocellular carcinoma [15]. However,
it is undefined that EphA2 receptor may promote invasion of
tumor cells via regulation of MMP-9.

In the present study, we first developed an efficient EphA2
siRNA plasmid to specifically silence the expression of EphA2
in gastric cancer cells. Using this plasmid, we examined the 
effects of suppressing EphA2 expression on cellular prolifera-
tion, invasiveness, and MMP-9 expression in vitro. In addition, 
we evaluated the effect of silencing EphA2 in vivo using a nude 
mouse xenograft model.

Materials and methods

Cell culture. The human gastric adenocarcinoma cell
line SGC-7901 was purchased from the Xiangya Central Ex-
periment Laboratory, Central South University (Changsha, 
China). The cells were cultured in PRMI 1640 Media (Hyclone,
Waltham, USA) supplemented with 10% fetal bovine serum 
(FBS, Hyclone, Waltham, USA), 100 IU/ml penicillin and 
100 mg/ml streptomycin in a humidified atmosphere of 37
°C at 5% CO2. 

Plasmid construction and transfection. The siRNA se-
quences used for targeted silencing of EphA2 gene (NCBI Ref 
Seq NM_004431.2) were previously tested to be efficacious
according to Duxbury et al [16]. The sequences of sense and
antisense of EphA2 siRNA were: 5’-TGACATGCCGATC-
TACATG-3’ and 5’-CATGTAGATCGGCATGTCA-3’. 
A non-silencing siRNA was used as a negative control and the 
sequences of sense were: 5’-TTCTCCGAACGTGTCACGT-
3’ and 5’-ACGTGACACGTTCGGAGAA-3’, which had no 
significant homology to human or mouse gene sequences.
The pGCsilencerU6-EphA2 siRNA and non-silencing siRNA
plasmid (U6-shRNA-CMV-EGFP) containing a CMV-driven 
GFP reporter, a U6 promoter upstream of the cloning restric-
tion sites (HpaI and XhoI to allow the introduction of EphA2 
shRNA or non-silencing shRNA plasmid vector) were con-
structed by GeneChem Biomedical Co., Ltd (Shanghai, China). 
A total of 5×105 SGC-7901 cells were seeded into each well of 
a 6-well tissue culture plate. When the cells reached 80-90% 
confluence on the day of transfection, the specific EphA2
siRNA or non-silencing siRNA was transfected into the cells 
using RNAiFect Transfection Reagent (Qiagen, Valencia, USA) 
according to the manufacturer’s protocol. Three groups of cells
were used in the in vitro studies, including untransfected cells 
(black control group), cells transfected with non-silencing 
siRNA (negative control group) and cells transfected with 
EphA2 siRNA (EphA2 siRNA group).

Real-time reverse transcriptase polymerase chain reac-
tion (Real-time RT-PCR). 5×105 cells from each group were 
seeded into a 6-well cell culture plate and harvested after 48
h in culture. Total RNA of cell lines and tissues were extracted 
using the Trizol reagent (Invitrogen, Carlsbad, USA) follow-
ing the manufacturer’s instructions. The cDNA pool was

synthesized using 1 µg of total RNA and TaqMan® Reverse 
Transcription Reagents (Applied Biosystems, Foster City, USA) 
as described by the manufacturer. The primers for EphA2,
MMP-9 and β-actin (internal control) were as follows: EphA2 
primer, forward 5’-ATGGAGCTCCAGGCAGCCCGC-3’, 
reverse 5’-GCCATACGGGTGTGTGAGCCAGC-3’; MMP-
9 primer, forward 5’- TGGGCTACGTGACCTATGACAT-3’, 
reverse 5’- GCCCAGCCCACCTCCACTCCTC-3’; β-actin 
primer, forward 5’- CCTGTACGCCAACACAGTGC-3’, re-
verse 5’- ATACTCCTGCTTGCTGATCC -3’. EphA2, MMP-9 
and β-actin genes were amplified from the cDNA pool using
gene specific primers and Power SYBR® Green PCR Master
Mix (Applied Biosystems, Foster City, USA) in a ABI PRISM® 
7700 Sequence Detection System (Applied Biosystems, Fos-
ter City, USA). The PCR cycling conditions employed were
as follows: 95°C /5 min, and 95°C /30 s, 60°C /1 min, 72°C 
/1 min for 40 cycles. Quantitative RT-PCR was done at least 
thrice, including a no-template control as a negative control. 
The relative levels of EphA2 and MMP-9 mRNA expression
were expressed as the ratio of EphA2 or MMP-9 to β-actin and 
calculated from the standard curve as directed. All reported 
results are the average ratios of three different independent
experiments.

Western blot. For western blot analysis, 5×105 cells were 
seeded in a 60 mm culture plate, followed by siRNA transfec-
tion. At 48 h post-transfection, the whole cell extracts were 
prepared using 0.14 M NaCl, 0.2 M triethanolamine, 0.2% 
sodium deoxycholate, 0.5% Nonidet P-40 and supplemented 
with a protease inhibitor (all the products were from Sigma, St. 
Louis, Missouri, USA). Each 50 µg of SDS sample was loaded 
onto 12% SDS-PAGE gels and blotted onto an Optitran BA-S85 
membrane (Schlischer & Schell, Dassel, Germany). The trans-
ferred membranes were subsequently incubated overnight 
at 4°C with rabbit antibody against EphA2 (dilution 1:1000, 
sc-924) or goat antibody against MMP-9 (dilution 1:1000, sc-
6840) (both from Santa Cruz, CA, USA). After washing, they
were incubated with horseradish peroxidase (HRP)-linked 
antibody IgG (Amersham Biosciences, Piscataway, USA) for 
1 h at room temperature. Bands were visualized by employ-
ing the ECL AdvanceTM Detection System (Amersham 
Biosciences, Piscataway, USA). EphA2 or MMP-9 protein 
expression levels were represented as the densitometric ratio 
of the targeted protein to β-actin protein. All reported results 
were the average ratio gotten from three different independ-
ent experiments.

MTT assay. Cell proliferation was assessed by methylthi-
azolyldiphenyl-tetrazolium bromide (MTT) assay. SGC-7901 
cells were incubated in 96-well plates at a /density of 1×104 
cells per well with PRMI 1640 Media supplemented with 10% 
fetal bovine serum for 24 h. After transfection (three groups)
for 24, 48, 72, and 96 h, 10 μl of sterile MTT dye (5 mg/ml, 
Sigma-Aldrich, St. Louis, USA) was added and incubated for 
another 4 h at 37°C. Then 150 μl of dimethyl sulfoxide (DMSO,
Sigma-Aldrich, St. Louis, USA) was added to each well and 
thoroughly mixed for 10 min. Spectrometric absorbance at 



107EPHA2 SIRNA INHIBITS GASTRIC CANCER INVASION

a wavelength of 570 nm was determined with a microplate 
reader (model 680; Bio-Rad, Hercules, USA). Each sample 
had three replicates.

Cell cycle analysis. The cell cycle phase distribution was
determined by flow cytometry. The cells were harvested
48 h after transfection (at an exponential growth phase) and
single-cell suspensions containing 1×106 cells were fixed
with 75% alcohol. The cell cycle was monitored using pro-
pidium iodide (PI) staining of the nuclei. The fluorescence
of DNA-bound PI in the cells was measured with a FACScan 
flow cytometer (BD Pharmingen, San Diego, USA) and
the results were analyzed with ModFit 3.0 software (Verity
Software House, Topsham, ME). Proliferative index (PI) =
(S+G2/M)/(G0/G1+S+G2/M).

Cell invasion assay. Transwell invasion assays were per-
formed using SGC-7901 cells cultured in 24-well 8μm pore size 
transwell plates according to the manufacturer’s instructions 
(Corning, New York, USA). The bottom of transwell chamber
was coated with 1:8 diluted BD Matrigel™ Basement Membrane 
Matrix (final concentration 0.5mg/ml) and air-dried at 4°C.
The membranes were rehydrated with warm serum-free PRMI
1640 Media (1.0 mL/ chamber) for 2 h. The upper chamber
was filled with 1×105 cells in serum-free PRMI 1640 Media 
containing 5% FBS. The lower chamber was filled with PRMI
1640 Media containing 25% FBS as a chemo-attractant. After
the chambers were incubated for 24 h at 37°C in an atmosphere 
containing 5% CO2, non-invading cells on the upper side of 
the chamber were removed from the surface of the membrane 
by scrubbing, and invading cells on the lower surface of the 
membrane were with 100% methanol, mounted and dried at 
80°C for 30 min. The number of cells invading through the
matrigel was counted by a technician blinded to the experi-
mental settings in four randomly selected microscopic fields
of each filter, using an inverted microscope at 200 × magnifica-
tion. Each test was repeated triplicately. 

Tumor xenograft. Eighteen 3-4 weeks old BALB/c mice 
weighing 18-22 g were obtained from Department of Zool-
ogy, Central South University (Changsha, China). Mice were 
housed in microisolator cages with autoclaved bedding in 
a specific pathogen-free facility. Animals were observed for
signs of tumor growth, activity, feeding and pain in accord-
ance with the guidelines of the Research Ethics Committee 
on Animals, Central South University, China. Suspensions 
of tumor cells SGC-7901 (2×107 viable cells/mouse) were 
implanted into the axillary fossa region of BALB/c mice as 
previously described. When the tumors grew to 52.2 ± 6.9 
mm3, the animals were randomly divided into three groups 
(n = 6) that received the following treatment groups: 1) black 
control group, which received only 0.9% sodium chloride 
intratumorally twice a week; 2) negative control group, which 
received non-silencing siRNA + liposome intratumorally twice 
a week; and 3) EphA2 siRNA group, which received EphA2 
siRNA + liposome intratumorally twice a week. The width
and length of each tumor were measured once a week using 
a caliper, and the tumor volume was estimated by the following 

equation: V = width2×length×π/6. Three weeks after treated
with different means, the mice were sacrificed and the weight
of the tumor was recorded. Tumor specimens were fixed in
formalin overnight and embedded in paraffin for immuno-
histochemical examination.

Immunohistochemistry. Immunohistochemical staining 
was performed to detect the expression of EphA2 and MMP-9 
in according to DAKO EnVisionTM System (Dako, Glostrup, 
Denmark). Briefly, following a brief proteolytic digestion and
a peroxidase blocking of tissue slides using 2.5% hydrogen per-
oxide in methanol for 30 min at room temperature, the slides 
were incubated with primary antibody against EphA2 (sc-924, 
dilution 1:100), and MMP-9 (sc-6840, dilution 1:200) (both 
from Santa Cruz, CA, USA) overnight at 4°C, respectively. 
After washing, the slides were then incubated with peroxidase
labeled polymer and substrate-chromogen. Finally, specimens 
were incubated in PBS containing diaminobenzidine (DAB) 
for 5 min. An Olympus microscope was employed to visualize 
the staining of targeted proteins. 

Statistical analysis. Quantitative data are expressed as the 
mean ± standard deviation (SD). Statistical differences were
evaluated by unpaired Student’s t-test using statistical SPSS 
software (version 13.0, SPSS, Inc., Chicago, USA). A value of
P < 0.05 was considered statistically significant.

Results

RNA interference silences the EphA2 expression in SGC-
7901 cells. To examine the specific effect of EphA2 siRNA on
EphA2 expression in the SGC-7901 cell line, the expression 
levels of EphA2 mRNA and protein were determined quan-
titatively using real-time RT-PCR and western blot analyses 
at 48 h post-transfection, respectively. Compared to cells 
transfected with non-silencing siRNA, the EphA2 mRNA level 
in cells transfected with EphA2 siRNA plasmid was reduced 
by 73.4% (Figure 1A). In agreement with the real-time RT-
PCR results, the EphA2 protein expression level was reduced 
by 65.1% in the SGC-7901 cells transfected with the EphA2 
siRNA compared to the cells transfected with the non-silenc-
ing siRNA (Figure 1B, C). Therefore, these data demonstrate
that EphA2 siRNA efficiently suppresses EphA2 expression at
both mRNA and protein levels.

Silencing of EphA2 inhibits the proliferation of SGC-
7901 cells. To determine whether silencing of EphA2 
affected the proliferation of SGC-7901 cells, cell growth
was determined after 24, 48, 72 and 96 h using a MMT as-
say. Compared to the SGC-7901 cells transfected with the 
non-silencing siRNA, the viability of SGC-7901 cells was sig-
nificantly decreased after EphA2 siRNA transfection at each
of the different time point (24, 48, 72, and 96 h) (P < 0.01, 
Figure 2). These proliferation curves indicate that the loss
of EphA2 expression inhibits the proliferation of SGC-7901 
cells in vitro.

Silencing of EphA2 delays the cell cycle in SGC-7901 
cells. We determined the effect of EphA2 siRNA on the
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Figure 1. Silencing of EphA2 protein and mRNA expression in EphA2 siRNA 
treated SGC-7901 cells. A, The ratio of EphA2 to β-actin for mRNA levels. B, 
Level of EphA2 protein expression was determined by western blot analysis. 
Lane 1: black control group; Lane 2: negative control group; and Lane 3: 
EphA2 siRNA group. C, The ratio of EphA2 to β-actin for protein levels. Data 
are expressed as the mean ± SD of three independent experiments. Compared 
to black and negative control group, both mRNA and protein levels of EphA2 
were significant reduced in EphA2 siRNA group (P < 0.01).

Figure 2. Silencing of EphA2 expression decreased cell proliferation in 
SGC-7901 cells. The data are represented as the mean ± SD from triplicate
assays and are representative of three independent experiments. After EphA2
siRNA transfection, the viability of SGC-7901 cells was evidently decreased 
at different time point (24, 48, 72, and 96 h, respectively) (P < 0.01).

B

C

cell cycle of SGC-7901 cells by flow cytometry. Compared
to black and negative control group, specific EphA2 siRNA
increased the number of cells in the G0/G1 phase, decreased 
the number of cells of in the S and G2/M phase at 48 h after
transfection (P < 0.05, Table 1, Figure 3). It also showed that 
EphA2 siRNA treatment resulted in a dramatic low level of PI 
of SGC-7901 cells (P < 0.05, Table 1). These results show that
down regulation of EphA2 expression delays SGC-7901 cell 
cycle progression in vitro.

Silencing of EphA2 suppresses the cell invasion of SGC-
7901 cells. To determine whether EphA2 plays an important 
role in the cell invasion of the SGC-7901 cells, we performed 
cell invasion assays using a transwell system. As shown in 
Figure 4, down-regulation of EphA2 by EphA2 siRNA in-
hibited the invasiveness of SGC-7901 cells compared with 
untransfected cells and non-silencing siRNA transfected cells, 
as indicated by a marked decrease in the number of cells that 
invaded the bottom well (P < 0.01). However, there was no 
significant difference in the cell invasion between black and
negative control group (P > 0.05). These results display that
suppressing of EphA2 expression inhibits SGC-7901 cell inva-

Table 1. Comparison of the cell cycle distributions in three different groups

Groups
Cell cycle

G0/G1 (%) S (%) G2/M (%) PI

Black control 51.26±2.28 35.42±1.56 13.32±0.77 0.49±0.02
Negative control 52.96±2.12 34.01±1.46 13.03±0.67 0.47±0.02
EphA2 siRNA 75.35±1.77 14.35±0.84 10.30±0.93 0.24±0.02

Data are expressed as mean ± SD from three experiments.

A
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Figure 3. Silencing of EphA2 expression delayed cell cycle of SGC-7901 cells. 
The cell cycle stage was determined by flow cytometry, and each test was
repeated three times. The data are expressed as the mean ± SD of three inde-
pendent determinations for each treatment group. Compared to black control 
and negative control group, SGC-7901 cells were blocked in the G0/G1 phase 
and sharply reduced in the G2/M, S phase by EphA2 siRNA (P < 0.05).

Figure 4. Silencing of EphA2 expression inhibited SGC-7901 cells inva-
sion ability. A, Cells that had migrated into the lower chambers were 
counted under a microscope. Invasiveness of cells transfected with EphA2 
siRNA was significantly reduced compared to that of cells transfected
with negative control siRNA (P < 0.01). The data are expressed as the
mean ± SD of three independent determinations for each treatment 
group. B, Here shows one representative results of the triplicate experi-
ments, black control group (left panel, 200x mag), the negative control
group (middle panel, 200x mag), and the EphA2 siRNA group (right 
panel, 400x mag).

B

sion, which also indicated that EphA2 promoted cell invasion 
in SGC-7901 cells.

EphA2 siRNA decreases xenograft tumor growth of
SGC-7901 cells. To investigate the potential effects of EphA2
siRNA on the inhibition of SGC-7901 cell growth in vivo, we 
injected either EphA2 siRNA with a liposome, non-silencing 
siRNA with a liposome, or single 0.9% sodium chloride into 
SGC-7901 tumor xenografts in nude mice. Both the volume
and the weight of the tumors treated with the EphA2 siRNA 
were significantly decreased compared to those treated
with the non-silencing siRNA or the 0.9% sodium chloride 
(P < 0.01, Figure 5A, B). The rate of tumor inhibition in
the EphA2 siRNA treated xenograft tumors weight was ap-
proximately 43.1%. Compared to negative control group, 
black control group had no obvious differences in the volume
or weight of the tumor xenografts. Hematoxylin and eosin
(H&E) stains show that all of the tumor tissues were gastric 
adenocarcinoma. Furthermore, we examined the expression 
of EphA2 in the tumor xenografts by immunohistochem-
istry. Moderate-to-strong immunoreactivity to EphA2 was 
observed in the cytoplasm of the carcinoma cells. The expres-

A
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sion of EphA2 was higher in the black and negative control 
group compared to the EphA2 siRNA group. Representative 
images of the immunohistochemistry staining of EphA2 are 
provided in Figure 5C.

Silencing of EphA2 suppresses the expression of MMP-
9 in SGC-7901 cells. In order to determine if silencing of 
EphA2 affected MMP-9 gene expression, we quantitated the
expression of MMP-9 by real-time RT-PCR and western blot 
analysis at 48 h post-transfection in vitro (Figure 6A, B, C). The
expression of MMP-9 in tumor xenografts was also detected
by immunohistochemistry in vivo (Figure 6D). Compared 
to untransfected cells and non-silencing siRNA transfected 
cells, the expression of MMP-9 mRNA and protein level in 
EphA2 siRNA transfected cells were decreased significantly (P 

< 0.01). At the same time, the expression of MMP-9 protein 
was higher in 0.9% sodium chloride treated or non-silencing 
siRNA treated xenograft tumor tissues than this in EphA2
siRNA treated xenograft tumor tissues. Therefore, silencing
of EphA2 expression can be accounted for the reduction of 
the MMP-9 expression in SGC-7901 cells.

Discussion

In the present study, we developed an efficient EphA2
siRNA plasmid to specifically knockdown EphA2 expression
in gastric cancer SGC-7901 cells. Using this plasmid, silencing 
of the EphA2 expression level in SGC-7901 cells decreased 
cell proliferation and invasion ability in vitro. Intratumoral 

Figure 5. Intratumoral injection of EphA2 siRNA plasmid suppressed tumor growth and EphA2 expression in nude mice. Mice were injected sub-
cutaneously in the axillary fossa with SGC-7901 cells (2×107 viable cells/mouse). Fourteen days after implantation, the mice were randomly divide
into three groups (n = 6) and administered an intratumoral injection of either EphA2 siRNA, non-silencing siRNA, or only 0.9% sodium chloride. A, 
Tumor volume was measured at the indicated times and tumor growth curves are shown. The point indicates the mean tumor volume (calculated from
six mice), while the bars indicate the SD. There was a statistically significant difference between the EphA2 siRNA group and either black or negative
control group (P < 0.01). B, Tumors were removed 35 days after implantation and the tumor weights were measured. The data are expressed as the
mean ± SD from six mice. The decrease in the EphA2 siRNA group was significantly different compared to black or negative control group (P < 0.01). 
C, The expression of EphA2 was assayed by immunohistochemistry. The arrows indicate the positive staining. Strong expression of EphA2 in tissues
from negative control group (left panel, 400x mag) and black control group (middle panel, 400x mag), moderate expression of EphA2 in tissues from
EphA2 siRNA group (right panel, 400x mag).

C

A B



111EPHA2 SIRNA INHIBITS GASTRIC CANCER INVASION

injection EphA2 siRNA plasmid also suppressed growth of 
SGC-7901 cells xenografts in vivo. Furthermore, decreasing 
the EphA2 expression level resulted in down-regulation of 
MMP-9 expression in vitro and in vivo.

EphA2 siRNA plasmid was constructed successfully and 
transfected into the SGC-7901 cells efficiently. Compared to
negative control group, the mRNA and protein level of EphA2 in 
EphA2 siRNA group were reduced by 73.4% and 65.1%, respec-
tively. Using this specifically EphA2 siRNA, Duxbury et al have 

suppressed EphA2 protein expression by between 78 and 88% 
in pancreatic adenocarcinoma cells [16]. Meantime, Landen et 
al reported that EphA2 was highly effective in reducing in vivo 
by using the same EphA2 siRNA incorporated into the neutral 
liposome [17,18]. These data indicate that this EphA2 siRNA con-
struct was effective and provided an appropriate system for the
study of mitotic events under EphA2 knockdown conditions.

Our results demonstrate that the proliferation of gastric can-
cer cells was significantly inhibited upon loss of EphA2. EphA2

Figure 6. Silencing of EphA2 suppressesd expression of MMP-9 in in vitro and in vivo. A, The ratio of MMP-9 to β-actin for mRNA levels. B, Level of 
MMP-9 protein expression determined by Western blot analysis. C, The ratio of MMP-9 to β-actin for protein levels. Compared to black and negative 
control group, both mRNA and protein levels of MMP-9 were significant decreased in EphA2 siRNA group (P < 0.01). D, The expression of MMP-9 in
xenograft tumors was assayed by immunohistochemistry. The arrows indicate the positive staining. Strong expression of MMP-9 in tissues from nega-
tive control group (left panel, 400x mag) and black control group (middle panel, 400x mag), moderate expression of MMP-9 in tissues from EphA2
siRNA group (right panel, 400x mag).

A C

B

D
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siRNA resulted in an increase in the percentage of apoptotic 
and G0/G1 stage cells, as well as a significant reduction in the
percentage of S and G2/M stage cells. In addition, the EphA2 
siRNA construct significantly decreased the invasion of the
transfected SGC-7901 cells. Recent studies also suggested that 
silencing of EphA2 caused a significant reduction of tumor
cells proliferation and invasion in vitro. Nasreen et al showed 
that silencing EphA2 expression inhibited proliferation, hap-
totaxis and induced apoptosis in malignant mesothelioma cells 
[19]. Zhou et al reported that the transfected EphA2 glioma 
cells showed lower proliferation, higher apoptosis, and loss of 
mitochondrial membrane potentiall [20]. Taddei et al’s find-
ings indicated that EphA2-overexpressing prostate carcinoma 
cells gained an invasive benefit from their amoeboid motility
style to escape from primary tumors and then, enhancing 
their clonogenic potential successfully target bone and grow 
metastases [21]. The complexity of the EphA2 signalling has
been nicely investigated in a study of Miao et al which dem-
onstrated that EphA2 kinase has diametrically opposite roles 
in regulating chemotactic cell migration: ligand-independent 
promotion and ligand-dependent inhibition [22]. However, 
we only discussed EphA2 overexpression promoted migration 
without the impact of its ligand ephrin-A1 in this study.

To investigate the inhibitory role of EphA2 siRNA on the 
proliferation of gastric cancer cells in vivo, BALB/c-nu mice 
with SGC-7901 cell xenograft tumors were intratumoral in-
jected with EphA2 siRNA plasmid. Our results demonstrate 
that both the volume and the weight of the tumors in EphA2 
siRNA group were significantly decreased compared to black
control group or negative control group. The rate of tumor in-
hibition in the EphA2 siRNA treated xenograft tumors weight
was approximately 43.1%. The expression of EphA2 protein
was higher in the black and negative control group compared 
to the EphA2 siRNA group. Landen et al also reported that 
intraperitoneal injection of EphA2 siRNA incorporated in 
neutral liposome reduced orthotopic ovarian tumor growth 
by 48-81% compared to control siRNA [18]. Taken together, 
these data show that decreasing the expression of EphA2 by 
RNA interference significantly inhibited the proliferation and
invasion of SGC-7901 gastric cancer cells in vitro and in vivo, 
which indicate that EphA2 play an important role in tumor 
proliferation and invasion.

Acquisition of cell migratory and invasive abilities is essen-
tial for cancer invasion and metastasis. One of the key steps 
in the cancer invasion and metastatic cascade involves the 
disruption of ECM and basement membranes, which permits 
tumor cells to access a distant site. MMPs have the capacity to 
degrade virtually every component of ECM, enhance invasive-
ness of tumor cells and facilitate angiogenesis [10]. Therefore,
MMPs have been regarded as major critical molecules assisting 
tumor cells during invasion and metastasis. Type IV collagen 
is a critical component of the basement membrane architec-
tural scaffolding. MMP-9 (gelatinase B, 92kDa gelatinase)
can degrade type IV collagen as a primary substrate, assisting 
the metastatic cancerous cells to pass through the basement 

membrane. Therefore, MMP-9 is considerable to be the most
important mediators of tumor migration and invasion among 
MMPs [14].

Lin et al observed that EphA2 overexpression in ovar-
ian cancer cells was significantly associated with strong
stromal and epithelial MMP-9 [23]. Our study also shown 
that immunostaining expression of EphA2 protein was 
postively correlated with that of MMP-9 in hepatocellular 
carcinoma tissue [15]. Interesting, our present study show 
that the expression of MMP-9 mRNA and protein level in 
EphA2 siRNA group were decreased significantly compared
to black and negative control group in vitro and in vivo. It 
means silencing of EphA2 expression inhibits the expression 
of MMP-9 in SGC-7901 cells, which indicated silencing of 
EphA2 may inhibit invasion of human gastric cancer cells 
through regulation of MMP-9. Duxbury et al reported that 
EphA2 overexpression induced and sustained phosphoryla-
tion and kinase activity of FAK, one consequence of which 
was to increase expression of another gelatinase matrix metal-
loproteinase-2 (MMP-2) [24]. Recently, Chen et al reported 
curcumin inhibited the growth of engrafted melanoma VM
channels through the down-regulation of the EphA2/PI3K/
MMPs signaling pathway [25]. EphA2 have been shown to 
affect tumor cell migration and invasion downstream sig-
naling pathways including Ras-mitogen-activated protein 
kinase (MAPK), PI3K/AKT, and integrins/FAK/paxillin/Rho 
[26]. The activation of MMPs is also associated with differ-
ent signaling systems such as AP-1 and ETS transcription 
factors, PKC, PI3K, cAMP, and so on [27]. However, the 
possible underlying mechanism of how EphA2 regulate 
MMP-9 expression is still unclear at present and merit further 
investigation.

In conclusion, our results showed that silencing of the 
EphA2 expression by specific siRNA inhibited the expression
inhibited the proliferation and invasion in vitro and in vivo. 
Furthermore, silencing of EphA2 expression also suppressed 
the expression of MMP-9. This study provides clear evidence
that EphA2 is functionally important in the proliferation and 
invasion of gastric cancer and may serve as a new target for 
gastric cancer therapy.
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