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Abstract. Eph receptor tyrosine kinases and their ephrin 
ligands, mediate an important cell communication system 
both in normal and oncogenic development, and play central 
roles in a series of processes including angiogenesis, stem cell 
maintenance and cancer metastasis. Eph receptor A3 (EphA3), 
commonly overexpressed in a broad range of cancers, 
including gastric cancer (GC), is related to tumor progression. 
Our previous study revealed that EphA3 may play important 
roles in tumorigenesis and angiogenesis in GC. However, 
its exact role and the mechanisms underlying its function in 
GC remain unclear. In the present study, lentivirus‑mediated 
RNA interference was employed to knock down the expres-
sion of EphA3 in GC HGC‑27 cells. Functional analyses 
indicated that depletion of EphA3 expression inhibited the 
cell growth and tumorigenicity of HGC‑27 cells in vitro and 
in vivo. Furthermore, knockdown of the expression of EphA3 
in HGC‑27 cells inhibited tube formation and migration of 
HUVEC endothelial cells. Tumor angiogenesis in vivo was 
also inhibited upon EphA3 knockdown in HGC‑27 cells, with 
reduced microvessel density (MVD) in xenograft models. 
We further revealed that EphA3 depletion inhibited tumor 
angiogenesis and migration through the signal transducer and 
activator of transcription 3/vascular endothelial growth factor 
(STAT3/VEGF) signaling pathway. These results indicated 

that EphA3 may be an effective prognostic indicator and a 
potential target for GC therapy.

Introduction 

Gastric cancer (GC) remains one of the most common cancers 
and the third leading cause of tumor‑related deaths (1). Seventy 
percent of the newly detected cases and deaths from GC were 
in developing countries, of which 42% occurred in China (2). 
Despite advances in the treatment of GC, the prognosis of GC 
remains poor. Like all other cancers, the development of GC is 
a multistep process involving numerous genetic and epigenetic 
alterations of growth factors and receptors, angiogenic factors, 
cell cycle regulators and DNA mismatch repair genes  (3). 
These multiple factors on genetic and epigenetic alterations are 
likely to be the target in GC cancer prevention and treatment. 
Therefore, identifying the molecular mechanisms underlying 
the development of GC can benefit diagnosis and treatment of 
this disease.

Eph receptors are the largest known subfamily of receptor 
tyrosine kinases that are activated in response to binding with 
Eph receptor‑interacting proteins (ephrins). Eph receptors 
have been divided into two groups based on their sequence 
homology and their affinities for binding ephrin‑A and 
ephrin‑B ligands: EphA and EphB receptors. In the human 
genome, there are nine EphAs and five EphBs that gener-
ally bind preferentially to five ephrin‑A and three ephrin‑B 
ligands, respectively (4,5). The Eph receptor and their ligands 
are frequently overexpressed in a variety of cancers and affect 
tumor growth, angiogenesis and metastasis (6). However, Eph 
signaling activities in cancer are complex and interesting in 
their paradoxical effects.

EphA3, an EphA receptor subfamily member, has been 
found to be aberrantly expressed in a variety of human cancers 
including malignant melanoma, glioblastoma and mutated in 
lung and breast cancer (7,8). Increased expression of EphA3 
can promote tumor cellular proliferation, angiogenesis, inva-
sion and is regarded as a promising target in cancer therapy (9). 
Soluble EphA3‑Fc receptors and the anti‑EphA3 antibody can 
inhibit tumor angiogenesis and progression (10,11). However, 
little is known about the function of EphA3 in GC. Our previous 
study reported that the upregulated expression of EphA3 in 
GC was correlated with tumor size, distant metastasis, pTNM 
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stage and poor prognosis. We also observed that the expres-
sion of EphA3 was significantly and positively associated with 
VEGF and microvessel density (MVD) expression (12). In the 
present study, we extended our previous study and knocked 
down EphA3 in HGC‑27 cells to investigate the direct role of 
EphA3 in GC cell growth and angiogenesis.

Materials and methods

Cell lines and culture conditions. Human GC cell line HGC‑27 
and human umbilical vein endothelial cells (HUVECs) 
were purchased from the Cell Bank of Shanghai Institute of 
Biochemistry and Cell Biology, Chinese Academy of Sciences 
(Shanghai, China). Human GC cell lines (AGS, SGC‑7901 and 
MGC‑803) and a human gastric epithelial cell line (GES‑1) 
were purchased from the American Tissue Culture Collection 
(ATCC; Manassas, VA, USA). GC cells or HUVECs were 
grown in RPMI‑1640 medium or Dulbecco's Modified Eagle's 
medium (DMEM; Sigma‑Aldrich; Merck KGaA, Darmstadt, 
Germany) supplemented with 10% fetal bovine serum (FBS; 
HyClone Laboratories; GE Healthcare Life sciences, Chicago, 
IL, USA). All the media were supplemented with 100 U/ml 
penicillin and 100 µg/ml streptomycin (Invitrogen; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) and maintained in 
a 5% CO2 incubator at 37˚C.

Reagents. Antibodies against STAT3 (1:1,000; cat. no. 9139), 
p‑STAT3(Tyr705) (1:1,000; cat. no.  9145), AKT (1:1,000; 
cat. no. 4691) and p‑AKT473 (1:1,000; cat. no. 4060;) were 
purchased from Cell Signaling Technology (Danvers, MA, 
USA). Antibodies against EphA3 (1:200; cat. no. sc‑919), CD31 
(1:100; cat. no. sc‑1506) and γ‑tubulin (1:500; cat. no. sc‑7396;) 
were obtained from Santa Cruz Biotechnology (Santa Cruz, 
CA, USA). VEGF neutralizing antibody (V4758; 2 µg/ml) 
was purchased from Sigma‑Aldrich; Merck KGaA. Growth 
factor‑reduced Matrigel was obtained from BD Biosciences 
(Bedford, MA, USA). Medium 200PRF and low‑serum growth 
supplements (LSGS) were obtained from Invitrogen; Thermo 
Fisher Scientific, Inc. A VEGF ELISA Development kit was 
purchased from PeproTech, Inc. (Rocky Hill, NJ, USA).

Lentiviral vector production and cell transduction. Stable 
knockdown of EphA3 in HGC‑27 cells was obtained using 
lentivirus. In brief, pLKO.1‑EphA3‑shRNA or scrambled 
plasmids were co‑transfected with psPAX2 and pMD2.G 
plasmids into 293T cells at 70% confluency. Following 48 h, 
viral supernatants were collected and filtrated. Subconfluent 
HGC‑27 cells were transduced with lentivirus in the presence 
of 8 mg/ml Polybrene (Sigma‑Aldrich; Merck KGaA). Between 
16 to 24 h post‑transduction, the cells were replaced with fresh 
medium. Following 48 h, transduced cells were selected with 
puromycin at 2 µg/ml for 3 days.

Preparation of tumor cell‑conditioned medium (CM). To 
prepare CM, target cells shNC‑HGC‑27 or shEphA3‑HGC‑27 
were seeded and grew to 30‑40% confluency. Growth medium 
was replaced with serum‑free RPMI‑1640 medium for 24 h. 
Subsequenlty, CM was harvested when cells reached 60‑80% 
confluency. CM was aliquoted and stored at ‑80˚C since it 
was not immediately used. In addition, shNC‑HGC‑27 or 

shEphA3‑HGC‑27 cells were pretreated with DMSO or 
WP1066 (5 µM) in serum‑free culture medium for 24 h. The 
supernatants were collected as CM.

Western blot analysis. Cells were rinsed with phos-
phate‑buffered saline (PBS) and lysed in ice‑cold RIPA 
buffer [40 mM HEPES (pH 7.4), 1% Triton X‑100, 0.1% SDS, 
100 mM NaCl, 5 mM EDTA, 0.5% sodium deoxycholate and 
1 mM sodium orthovanadate] with protease and phospha-
tase inhibitors. The BCA Protein Assay kit (Thermo Fisher 
Scientific, Inc.) was used to quantitate the lysates. The same 
amount of protein was separated by 8‑10% SDS‑PAGE gel 
and then transferred onto a PVDF membrane (Millipore, 
Bedford, MA, USA). Following blocking with 5% non‑fat 
dry milk in Tris‑buffered saline containing 0.1% Tween‑20 
(TBST), the membrane was first incubated overnight at 4˚C 
with anti‑STAT3 antibody, anti‑p‑STAT3 (Tyr705) antibody, 
anti‑AKT antibody, anti‑p‑AKT473 and anti‑EphA3 anti-
body and the corresponding signals were detected with an 
enhanced chemiluminescence kit (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) following incubation with the 
appropriate HRP‑conjugated secondary antibodies (1:5,000; 
cat. nos. ZB‑2301 and ZB2305; Zhongshan Golden Bridge 
Biotechnology Co., Ltd., Beijing, China). Quantification of 
band densities on western blot films was performed using 
ImageJ 1.44 software (National Institutes of Health, Bethesda, 
MD, USA).

Cell proliferation assay. Cell proliferation was assessed using 
Cell Counting Kit‑8 (CCK‑8; Dojindo Molecular Laboratories, 
Kumamoto, Japan) according to the manufacturer's instruc-
tions. In brief, ~2x103 shNC‑HGC‑27 and shEphA3‑HGC‑27 
cells were seeded into 96‑well plates and incubated for the 
indicated time periods. Subsequently, 10 µl of CCK‑8 solution 
was added to each well and incubated for 1 h. The absorbance 
was finally determined at a wavelength of 450 nm with a 
microplate reader (Bio‑Rad Laboratories Inc., Hercules, CA, 
USA). Each measurement was performed in triplicate and the 
experiments were repeated 3 times.

Colony formation assays. Cells were seeded into 6‑well plates 
at a density of 1,000, 2,000 and 3,000 cells/well. Following 
culture for 14 days in complete growth media, the cells were 
washed with PBS and stained with crystal violet. Colonies 
containing 50 or more cells were counted under a light micro-
scope at x40 magnification. Each measurement was performed 
at least three times.

ELISA assay. Secreted VEGF in CM of shNC‑HGC‑27 and 
shEphA3‑HGC‑27 was determined using a commercially 
available human VEGF‑A ELISA Development kit (PeproTech) 
according to the manufacturer's instructions. The data were 
adjusted by the amount of total protein within the cells.

In vitro tube formation assay. A 96‑well plate was coated with 
50 µl growth factor‑reduced Matrigel and maintained at 37˚C 
for 2 h. Then, growth factor‑deprived HUVECs suspended in 
100 µl of CM were plated at 1x104 cells/well and incubated 
at 37˚C and 5% CO2 for 4 to 6 h to allow the formation of 
a tubular structure. Cells were imaged and the tube lengths 
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were counted using the Scion Image Beta 4.02 software (Scion 
Corp., Fredrick, MD, USA). 

In  vitro migration assay. A cell migration assay was 
performed using 24‑well Boyden chambers with 8.0‑µm pore 
sizes (Corning, Inc., Corning, NY, USA). HUVECs were 
plated at 5x104 cells/well in the upper chamber of serum‑free 
medium. The lower chamber was filled with 500 µl CM from 
shNC‑HGC‑27 or shEphA3‑HGC‑27 cells. The plates were 
incubated for 4 to 6 h at 37˚C in 5% CO2 and non‑migrated 
cells were wiped away with cotton swabs. The cells that 
migrated to the lower side of the filter were fixed in 4% form-
aldehyde solution for 15 min and stained with 0.05% crystal 
violet in PBS for 15 min. Migrated cells were counted using 
10 random fields with an inverted phase contrast microscope. 
Filters were counted in triplicate per experiment. For VEGF 
inhibition assay, HUVEC migration ability was determined as 
aforementioned after adding neutralizing antibody (0.2 µg/ml) 
to VEGF‑A into CM.

Xenograft models and immunohistochemistry. Five‑week‑old 
female BALB/c nude mice were purchased from Beijing Vital 
River Laboratory Animal Technology Co., Ltd. (Beijing, 
China). Three mice were housed per cage under controlled 
temperature and humidity (23±2˚C, 50±10%), on a 12‑h 
light/dark cycle. Mice had access to tap water and food ad 
libitum. All animal studies conformed to the relevant regula-
tory standards and were approved by the Institutional Animal 
Care Committee of Beijing Institute of Biotechnology. 
Approximately 5x106 shNC‑HGC‑27 or shEphA3‑HGC‑27 
cells were suspended in 200 µl of serum‑free RPMI‑1640 
medium and implanted subcutaneously into the right flank 
of 5‑week‑old female BALB/c nude mice (n=3) separately. 
Tumor volumes were determined using digital calipers 
every 3 days and calculated as follows: length x width x 
height x 0.5236. Mice were monitored for 3 weeks, when 
the experiment was terminated. Further termination points 
of the experiment were when the maximum tumor volume 
was ~2 cm3 or when the mice showed any signs of distress 
(e.g., breathing disorders, weight loss, or immobility). At 
the end of the experiment the mice were anesthetized with 
1.5% isofluorane‑air mixture and sacrificed by cervical 
dislocation. Tumor xenografts were removed and prepared 
for immunohistochemistry. Tumor sections from shNC and 
shEphA3‑HGC‑27 mice were processed for immunohisto-
chemical analysis of CD31 to visualize MVD. A portion of 
the tumor tissue was fixed in 10% neutral‑buffered formalin, 
dehydrated, embedded in paraffin and sectioned at 4‑ to 5‑µm 
thickness. The sections were deparaffinized, treated with 3% 
H2O2 for 15 min, and then were microwaved in 10 mM citric 
sodium (pH 6.0) for 15 min to unmask antigens. The sections 
were rinsed in PBS and then incubated with the primary 
anti‑CD31 goat polyclonal antibody (1:100; cat. no. sc‑1506; 
Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) for 
1 h at room temperature and washed with TBS. Biotinylated 
anti‑goat IgG (1:100; cat. no.  B‑205; Zhongshan Golden 
Bridge Biotechnology Co., Ltd.) was applied for 30 min at 
room temperature. Color was developed following 10 min of 
incubation with the 3,3'‑diaminobenzidine. For MVD quanti-
fication, the number of CD31‑positive vessels/x100 field were 

counted in 5 randomly selected fields. The data are repre-
sented as the number of CD31‑positive microvessels/x200 
microscopic field.

Statistical analysis. Statistical analysis was performed using 
SPSS 13.0 (SPSS, Inc., Chicago, IL, USA) and the results were 
analyzed statistically using Student's t‑test for comparisons 
between two groups. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Comparison of EphA3 expression levels. To investigate the 
molecular effects of EphA3 in GC, we initially examined 
the expression level of EphA3 in GC cells compared with the 
human gastric epithelial mucosa cells GES‑1 using western 
blot analysis. The results revealed that EphA3 expression 
was upregulated in three distinct differentiated GC cell lines 
MGC‑803, BGC‑823 and HGC‑27 (Fig. 1A). With the highest 
levels of EphA3 expression, the HGC‑27 cell line was selected 
to knock down endogenous EphA3. To establish stable cell 
lines, EphA3 expression was effectively inhibited in HGC‑27 
cells infected with lentiviral particles containing EphA3 
shRNA compared to those infected with control shRNA 
vector (Fig. 1B).

EphA3 knockdown inhibits the growth of HGC‑27 cells 
in vitro and in vivo. To determine whether EphA3 knockdown 
affected the proliferation of HGC‑27 cells, cell growth was 
determined using CCK‑8 and colony formation assays. EphA3 
knockdown in HGC‑27 cells significantly impaired cellular 
proliferation compared with the control cells (Fig.  2A). 
Furthermore, colony formation capacity was also reduced by 
EphA3 knockdown (Fig. 2B). We further examined the effects 
of EphA3 on tumor growth using a subcutaneous xenograft 
model of HGC‑27 cells in mice. EphA3 knockdown did not 
induce any toxicity in mice, however, we observed a signifi-
cant decrease (39.1%) in mean tumor volume in nude mice 
implanted with shEphA3‑HGC‑27 cells compared with that 
implanted with shNC‑HGC‑27 xenografts (Fig. 2C and D). 
These results indicated that loss of EphA3 expression inhib-
ited the proliferation of HGC‑27 in vitro and in vivo.

EphA3 knockdown inhibits tube formation and angiogenesis 
in vitro and in vivo through the regulation of the expression 
of VEGF. In our previous study, we provided clinical evidence 
that EphA3 expression was significantly and positively 

Figure 1. Knockdown of the expression of EphA3 by lentivirus‑mediated 
shRNA. (A) EphA3 protein expression in gastric epithelial mucosa cells 
and 3 distinct differentiated GC cell lines was analyzed by western blotting. 
(B) EphA3 protein expression in shNC and shEphA3‑HGC‑27 cells was 
analyzed by western blotting. shNC, shNC‑HGC‑27.
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associated with the expression of VEGF and MVD status. 
These findings indicated that EphA3 may be involved in 
the angiogenic process of GC. To obtain direct evidence on 
whether EphA3 regulated the expression of VEGF and was 
involved in angiogenesis, an ELISA assay was performed to 
determine secreted VEGF‑A in the CM of HGC‑27 cells. The 
results revealed that EphA3 knockdown reduced VEGF secre-
tion in HGC‑27 cells (Fig. 3A), indicating that EphA3 may 
be involved in regulating the formation of new blood vessels 
in endothelial cells. To determine whether the CM from 
shNC‑HGC‑27 and shEphA3‑HGC‑27 cells could induce the 
tube formation of HUVECs, we performed a tube formation 
assay in growth factor‑reduced Matrigel in vitro. We observed 
that the CM from shNC‑HGC‑27 and shEphA3‑HGC‑27 cells 
was able to significantly induce HUVEC tube formation in 6‑h 
incubation time‑periods. However, tube formation of HUVECs 
was significantly reduced in CM from the shEphA3‑HGC‑27 
cells (Fig. 3B). Since the migration and invasion of endothelial 
cells through basement membranes is a crucial step in the 
development of new blood vessels, we assessed the effect of 
CM from HGC‑27 on endothelial cell HUVEC migration. 
As displayed in Fig.  3C, HUVECs cultured with the CM 
from the NC‑HGC‑27 cells migrated faster compared to the 
shEphA3‑HGC‑27 cells.

To further examine the effect of EphA3 on angiogenesis 
in vivo, we identified the MVD status in HGC‑27 cell xeno-
graft nude mice by immunohistochemical staining with 
anti‑CD31 antibody. EphA3 knockdown significantly reduced 
microvessel formation in the shEphA3‑HGC‑27 tumors rela-
tive to that in the shNC‑HGC‑27 control (Fig. 3D). These 
results indicated that blockade of EphA3 activity suppressed 

VEGF expression and impaired the angiogenic phenotype of 
GC HGC‑27 cells in vitro and in vivo.

The VEGF signaling pathway plays a crucial role in tumor 
angiogenesis, thereby promoting endothelial cell proliferation, 
migration and capillary tube formation. To further elucidate the 
role of VEGF in EphA3‑mediated angiogenesis modulation, 
neutralization of the VEGF antibody was used to antagonize 
the functions of VEGF. We found that when VEGF neutral-
izing antibody was used to neutralize VEGF in the culture 
supernatants of HUVEC cells from the CM of shNC‑HGC‑27 
and shEphA3‑HGC‑27 cells, the tube formation and migra-
tion of the HUVEC cells induced by EphA3 were markedly 
attenuated in vitro (Fig. 3E and F). These results indicated that 
EphA3‑dependent VEGF expression played an important role 
in the process of EphA3‑regulated angiogenesis.

The JAK2/STAT3 signaling pathway is involved in 
EphA3‑mediated VEGF expression and angiogenesis. Our 
present study indicated that knockdown of EphA3 expression 
reduced the tube formation and migration of HUVECs and 
tumor angiogenesis by inhibiting the secretion of VEGF. To 
further understand the regulation of VEGF expression by 
EphA3, we investigated the main signaling pathways related 
to the expression of VEGF. Accumulating evidence is defining 
STAT3 signaling as an important pathway for upregulation 
of the expression of VEGF and tumor angiogenesis. In order 
to investigate whether changes in EphA3 levels would affect 
the phosphorylation of STAT3, we assessed the changes 
in STAT3 phosphorylation by western blotting following 
knockdown of EphA3 in HGC‑27 cells. Our data indicated 
that after EphA3 knockdown, p‑STAT3 (Tyr705) levels were 

Figure 2. EphA3 knockdown and tumor growth of HGC‑27 cells. (A) A CCK‑8 assay was used to estimate cell proliferation at different time‑points. Cell 
proliferation was significantly suppressed by EphA3 knockdown in HGC‑27 cells. (B) Effect of EphA3 knockdown on colony formation. EphA3 knockdown 
reduced colony formation capacity of HGC‑27 cells compared with shNC‑HGC‑27 cells. (C) The effect of EphA3 knockdown on tumor growth in vivo; 
5x106 of the shNC or shEphA3‑HGC‑27 cells were injected s.c. into the right flanks of the nude mice (n=3 per group). The tumor volume was monitored 
at indicated time‑points and tumor growth curves are presented as the mean ± SD. (D) Representative images of tumors were captured after the shNC and 
shEphA3‑HGC‑27 nude mice were euthanized at day 21. *P<0.05 compared with control shNC. shNC, shNC‑HGC‑27.
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Figure 3. EphA3 knockdown inhibits the tube formation and angiogenesis in vitro and in vivo through the regulation of the expression of VEGF. (A) Secreted 
VEGF that was released into the CM of shNC and shEphA3‑HGC‑27 was determined by ELISA. Results were normalized to the cell number and expressed 
as ng/ml/107 cells. n=3. *P<0.05 compared with control shNC. (B) Tube formation ability of HUVECs cultured in the CM from shNC and shEphA3‑HGC‑27 
cells. Representative images of tube‑like structures (left panel) and mean numbers of tube length (right panel) at an x100 magnification are shown. Data are 
from 3 independent experiments. *P<0.05 compared with control shNC. (C) Migration of HUVECs cultured in CM from shNC and shEphA3‑HGC‑27 cells 
was performed in a Transwell chamber with 8.0‑µm pore size. Representative images of HUVECs that migrated through the membrane (left panel) and the 
number of cells that migrated through the membrane/field (right panel) are presented. Values are expressed as the mean ± SD.  n=3. *P<0.05 compared with 
control shNC. (D) Tumor sections from shNC and a shEphA3‑HGC‑27 cell xenograft model were used. Representative cases of immunohistochemical staining 
with CD31 (left panel) and quantitative analysis of CD31‑positive blood vessels (right panel) are displayed. Values are expressed as the mean ± SD. n=3. 
*P<0.05 compared with control shNC. (E and F) Following the addition of neutralizing antibody (2 µg/ml) to VEGF‑A or IgG into CM, tube formation and 
a migration assay of HUVEC cells were performed as described in B and C. Scale bar, 100 µM. VEGF, vascular endothelial growth factor; CM, conditioned 
media; HUVECs, human umbilical vein endothelial cells; shNC, shNC‑HGC‑27.

https://www.spandidos-publications.com/10.3892/or.2018.6586
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significantly decreased (Fig. 4A). To examine whether STAT3 
activity was involved in EphA3‑mediated VEGF expression 

and angiogenesis, JAK2/STAT3 inhibitor WP1066 was used 
to inhibit the JAK2/STAT3 signaling pathway of HGC‑27 cells 

Figure 4. STAT3 signaling pathway is involved in EphA3‑mediated VEGF expression and angiogenesis. (A) p‑Stat3(Tyr705), Stat3, p‑AKT(Ser473), AKT and 
EphA3 protein expression in shNC and shEphA3‑HGC‑27 cells was analyzed by western blotting. (B) Secreted VEGF that was released into the CM from shNC 
and shEphA3‑HGC‑27 cells treated with DMSO or WP1066 (5 µM) was determined by ELISA. Results were normalized to the cell number and expressed 
as ng/ml/107 cells. n=3. *P<0.05 compared with control shNC. (C) Tube formation ability of HUVECs cultured in CM from shNC and shEphA3‑HGC‑27 cells 
treated with DMSO or WP1066 (5 µM). Representative images of tube‑like structures (left panel) and mean numbers of tube length (right panel) at an x100 
magnification are presented. Data are from 3 independent experiments. *P<0.05 compared with the control shNC. (D) Migration of HUVECs cultured in CM 
from shNC and shEphA3‑HGC‑27 cells treated with DMSO or WP1066 (5 µM) was performed in a Transwell chamber with 8.0‑µm pore size. Representative 
images of HUVECs that migrated through the membrane (left panel) and the number of cells that migrated through the membrane/field (right panel) are 
presented. Values are expressed as the mean ± SD. n=3. *P<0.05 compared with the control shNC. Scale bar, 100 µM. VEGF, vascular endothelial growth 
factor; CM, conditioned media; HUVECs, human umbilical vein endothelial cells; shNC, shNC‑HGC‑27.
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before collection of CM. The results revealed that pretreat-
ment of cells with WP1066 reduced the expression of VEGF 
and the difference of the VEGF level between shNC‑HGC‑27 
and shEphA3‑HGC‑27 was also significantly decreased 
(Fig. 4B). In addition, EphA3‑mediated HUVEC migration 
and tube formation were also attenuated by pretreatment with 
WP1066 (Fig. 4C and D). Collectively, EphA3 appeared to 
act through the JAK2/STAT3 signaling pathway to enhance 
the expression of VEGF and angiogenesis in human GC 
HGC‑27 cells.

Discussion

In GC, growing evidence has revealed that some Eph receptors 
were aberrantly expressed and were associated with cancer 
progression, metastasis and poor prognosis. For example, the 
EphA1 protein has been significantly associated with the depth 
of invasion of GC (13). The expression of EphA2 was revealed 
to be upregulated in GC compared to that in normal mucosa 
and was consistent with tumor TNM stage. EphA2 knock-
down could inhibit GC cell proliferation and invasion in vitro 
and in vivo (14). EphA7 overexpression has been observed in 
gastric carcinoma specimens and is related to the pathogenesis 
and development of GC (15).

EphA3 was first identified in a pre‑B acute lymphoblastic 
leukemia cell line and has also been reported to be expressed 
in sarcomas, lung cancer, melanoma and glioblastoma. EphA3 
is currently one of the most promising therapeutic targets (9). 
Numerous studies support multiple tumor‑promoting roles 
for EphA3 in a range of solid and hematological cancers, 
including glioblastoma‑initiating cells and leukemic stem 
cells. Recently, we observed that in GC the upregulated 
expression of EphA3 was positively associated with the 
expression of VEGF, MVD as well as poor prognosis (12). 
Thus, EphA3 may play important roles in angiogenesis and 
prognosis of GC. However, the precise role of EphA3 in GC 
progression remains unknown.

To elucidate the biological functions of EphA3 in GC 
tumorigenesis, we knocked down EphA3 expression in 
HGC‑27 cells. Knockdown of EphA3 markedly reduced cell 
viability and proliferation in vitro and inhibited tumor growth 
in in vivo assays. Furthermore, the present study confirmed 
that EphA3 contributed to tumor angiogenesis in GC and was 
mediated by STAT3‑dependent expression of VEGF.

Angiogenesis, a process of neovascular formation, is essen-
tial for the progression and metastasis of tumors (16). In recent 
years, ephrin ligands with Eph receptors have been identified 
as contributors to tumor angiogenesis. Studies revealed that 
EphA2‑null ECs and EphA2‑deficient mice failed to undergo 
vascular assembly in  vitro and angiogenesis in  vivo  (17). 
Additionally, studies have shown that injections of soluble 
EphA2 and EphA3‑Fc receptors or EphB4 extracellular 
domains into tumor‑bearing mice were able to inhibit tumor 
angiogenesis and growth in vivo  (11,18,19,20). Two recent 
studies revealed ephrin‑B2 as a key regulator in VEGFR‑2 and 
VEGFR‑3 endocytosis, with consequences for the development 
and tumor angiogenesis (21,22). Recently, a study in multiple 
myeloma (MM) demonstrated that EphA3 was overexpressed 
in bone marrow ECs, and that EphA3 knockdown inhibited 
the adhesion, migration and angiogenesis in vitro of ECs of 

MM patients (23,24). Our present study provided evidence that 
EphA3 knockdown in HGC‑27 cells inhibited tube formation 
and migration of EC in vitro. We also revealed that vessel 
density was lower in HGC‑27 tumors following knockdown 
of EphA3 compared with the control group. Collectively, our 
results demonstrated a role for EphA3 in promoting angiogen-
esis in GC.

The balance of various proangiogenic stimulators and 
angiogenesis inhibitors regulates the angiogenic process. 
Tumor angiogenesis begins with the activation of ECs by a few 
specific angiogenic factors, among which VEGF is a potent 
angiogenic molecule responsible for tumor progression and 
metastasis through its enhancement of angiogenesis (25,26). In 
hepatocellular carcinoma cells, EphA3 knockdown was found 
to decrease the invasiveness of cells by regulating VEGF 
protein expression and proteolytic activity (27). In the present 
study, the effect of EphA3 on VEGF secretion and expression 
in GC cells was assessed by ELISA. Our data revealed that 
EphA3 knockdown inhibited VEGF production in HGC‑27 
cells. Furthermore, VEGF was involved in the effects of 
EphA3 on tube formation and migration in HUVECs cultured 
in  vitro since a neutralizing anti‑VEGF antibody reduced 
angiogenesis. These results demonstrated that EphA3 played 
a role in tumor angiogenesis by regulating VEGF expression 
in HGC‑27 cells.

It is well recognized that VEGF is regulated by many 
signaling pathways, such as the ERK1/2 and JAK/STAT3 
pathways (28,29). STAT3 is a critical transcription activator 
and has been demonstrated to be very important for cancer 
progression. Accumulating evidence supports a pivotal role of 
constitutive Stat3 activity in upregulating VEGF expression 
and tumor angiogenesis (30,31). Many studies have concen-
trated on STAT3 as a potential target for cancer therapy and 
found that STAT3 inhibition effectively blocked production 
of VEGF and tumor angiogenesis  (32,33). Previously, Eph 
family members, including EphA1, EphA5, EphB2, EphB3 
and EphB4, have been reported to constitutively activate 
STAT3  (34). A study has shown that ephrinB1 interacted 
with STAT3 in a tyrosine phosphorylation‑dependent manner, 
resulting in the phosphorylation and enhanced transcriptional 
activation of STAT3 (35). This study revealed that EphA3 
knockdown negatively regulated STAT3 activity. Blocking 
the JAK/STAT3 signaling pathway with WP1066 effectively 
impaired the promotion of VEGF expression, HUVEC tube 
formation and migration caused by EphA3 expression. These 
results indicated that the effects of EphA3 on angiogenesis 
of HGC‑27 cells were dependent on STAT3‑mediated VEGF 
production.

Despite the challenges presented by the complex biology 
of the Eph receptors and ephrins, this system still represents 
promising new therapeutic targets for the inhibition of angio-
genesis and tumorigenesis. In the present study, the results 
demonstrated that EphA3 promoted HGC‑27 tumor cell 
growth and angiogenesis through the STAT3/VEGF pathway, 
indicating that EphA3 may be an effective indicator for prog-
nosis and a potential target for GC therapy.
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