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Abstract. Metastasis is the primary cause of mortality in 
patients with advanced gastric carcinoma, and multiple 
signaling pathways promote the development of this condition. 
Stromal cell‑derived factor‑1 (SDF‑1α/CXCL12), the main 
ligand for CXC chemokine receptor‑4 (CXCR4), serves an 
important role in gastric cancer cell migration. Previous studies 
have demonstrated that CXCL12 could also stimulate the 
secretion of epidermal growth factor receptor (EGFR) ligands, 
including amphiregulin and heparin‑binding epidermal growth 
factor‑like growth factor, from gastric cancer cells, resulting in 
an increase in the ability of migration. However, it remains to 
be elucidated whether CXCL12 activates EGFR intracellular 
signaling and therefore stimulates migration in gastric cancer. 
The present study demonstrated that three gastric cancer 
cell lines, SGC‑7901, MGC‑803 and BGC‑823, all expressed 
CXCR4. The increased chemotactic migratory ability stimu-
lated by CXCL12 was effectively abrogated by the CXCR4 
antagonist, AMD3100. Furthermore, a rapid phosphorylation 
of Akt/extracellular signal‑regulated kinase (ERK)/EGFR 
was demonstrated to be involved in CXCL12/CXCR4‑induced 
gastric cancer cell migration. Knockdown of EGFR gene 
or the use of a monoclonal antibody against EGFR (C225) 
blocked the activation of ERK/Akt and partially prevented the 
ability of migration induced by CXCL12, which indicated that 
EGFR signaling is located downstream of CXCL12. In addi-
tion, it was also revealed that the activation of non‑receptor 
tyrosine kinase  c‑steroid receptor co‑activator (SRC) and 
the formation of the SRC/EGFR heterodimer are promoted 
by CXCL12, whereas the SRC inhibitor, PP2, blocks the 

SRC/EGFR heterodimer and the activation of EGFR, as well as 
CXCR4‑meditated migration induced by CXCL12. The present 
results indicated that SRC mediates a potential CXCR4‑EGFR 
cross‑talk, and thereby utilizes the EGFR‑Akt/ERK axis 
to promote cellular migration. The present study provided a 
novel insight into the underlying regulatory mechanisms of the 
CXCL12/CXCR4 pathway in gastric cancer cell migration.

Introduction

Gastric cancer was the fourth most prevalent cancer and caused 
the second highest number of cancer‑associated mortalities 
worldwide in 2012 (1). Metastasis is the main factor contrib-
uting to the poor prognosis of patients with gastric cancer (2). 
In cases of metastasis, patients lose the opportunity to receive 
a curative treatment, and the response rate of chemotherapy 
and targeted drugs is limited (3). Therefore, exploring the 
underlying molecular mechanisms that facilitate the develop-
ment of gastric cancer may help to identify potential molecular 
targets and biomarkers for therapeutic intervention in patients 
with gastric cancer.

Stromal cell‑derived factor‑1 (SDF‑1α), also termed 
CXCL12, is a member of the CXC chemokine family, which 
binds to its receptor, CXC chemokine receptor‑4 (CXCR4), 
performing an important role in inflammation, immune 
surveillance and tissue regeneration as well as oncogen-
esis  (4,5). The CXCL12/CXCR4 axis modulates a number 
of downstream signaling pathways associated with chemo-
taxis, tumor cell proliferation and metastasis (5). Previous 
clinical studies have revealed that the overexpression of 
CXCL12/CXCR4 is associated with poor prognosis and is 
involved in the lymph node and distant metastasis of gastric 
carcinoma (6,7). However, CXCL12/CXCR4 axis‑mediated 
signaling pathways in gastric cancer cells are yet to be fully 
elucidated. A number of previous studies have established that 
G‑protein‑coupled receptors (GPCRs), including CXCR4, are 
able to transactivate epidermal growth factor receptor (EGFR) 
via a disintegrin and metalloprotease (ADAM) domain (8,9). 
This cross‑activation is involved in prostate cancer cell 
proliferation through CXCL12/CXCR4‑induced ectodo-
main shedding of EGFR ligands  (10). Yasumoto et al  (11) 
reported that CXCL12 and heparin‑binding epidermal growth 
factor‑like growth factor (HB‑EGF) collaboratively stimu-
late the secretion of amphiregulin from gastric cancer cells 

CXCL12/SDF‑1α induces migration via SRC‑mediated 
CXCR4‑EGFR cross‑talk in gastric cancer cells

YU CHENG,  JINGLEI QU,  XIAOFANG CHE,  LING XU,  NA SONG,  
YANJU MA,  JING GONG,  XIUJUAN QU  and  YUNPENG LIU

Department of Medical Oncology, The First Hospital of China Medical University, Shenyang, Liaoning 110001, P.R. China

Received November 12, 2015;  Accepted April 21, 2017

DOI: 10.3892/ol.2017.6389

Correspondence to: Professor Xiujuan Qu or Professor 
Yunpeng Liu, Department of Medical Oncology, The First Hospital 
of China Medical University, 155 North Nanjing Street, Shenyang, 
Liaoning 110001, P.R. China
E‑mail: qu_xiujuan@hotmail.com
E‑mail: cmuliuyunpeng@hotmail.com

Key words: stromal cell‑derived factor‑1, non‑receptor tyrosine 
kinase c‑steroid receptor co‑activator, epidermal growth factor 
receptor, gastric cancer

https://www.spandidos-publications.com/10.3892/ol.2017.6389
https://www.spandidos-publications.com/10.3892/ol.2017.6389
https://www.spandidos-publications.com/10.3892/ol.2017.6389
https://www.spandidos-publications.com/10.3892/ol.2017.6389


CHENG et al:  SRC-MEDIATED CXCR4-EGFR CROSS-TALK IN GASTRIC CANCER CELLS2104

and promote peritoneal metastasis. However, the underlying 
mechanism by which other cross‑activation accounts for the 
regulation of CXCL12/CXCR4‑induced EGFR activation in 
gastric cancer requires further investigation.

In cross‑talk studies, GPCRs have also been established 
to transactive receptor pathways through ligand‑independent 
mechanisms, involving a number of key mediators of growth 
factor signalling, including SHC, growth factor receptor 
bound 2 (GRB2) and SOS, in addition to mitogen‑activated 
protein kinase activation (12,13). Fischer et al (14) reported 
that the GPCR‑mediated activation of c‑MET occurs via 
NADPH‑induced release of reactive oxygen species. In pros-
tate cancer cells, lipid rafts were reported as the key site of 
CXCR4 transactivation of the human epidermal growth factor 
receptor 2 (HER2) receptor (15). SRC, a non‑receptor tyrosine 
kinase, is expressed ubiquitously in human malignancies and 
is involved in numerous signaling pathways (16). SRC contrib-
utes to CXCL12/CXCR4‑induced breast and prostate cancer 
bone metastasis (15,17). SRC may also promote the phosphor-
ylation of protein‑tyrosine kinases, including EGFR, HER2 
and c‑MET, at the plasma membrane through its intracellular 
domain (18‑20), as well as mediate tumor cell proliferation 
and resistance to HER2 or EGFR inhibitors (10,21,22). Our 
previous study demonstrated that SRC combines with EGFR 
to regulate EGFR activation in gastric cancer cells and antago-
nizes apoptosis induced by tumor necrosis factor‑related 
apoptosis‑inducing ligand  (23). However, it is unknown 
whether the CXCL12/CXCR4 axis‑regulated transactivation 
of EGFR is mediated in an SRC‑dependent manner.

The present study demonstrated that the formation of the 
SRC/EGFR heterodimer contributes to constitutive EGFR 
activation, and in turn, activated EGFR causes the activation 
of ERK/Akt signaling pathways and promotes gastric cancer 
cell migration.

Materials and methods

Cells and cell culture. Human gastric MGC‑803, BGC‑823, 
SGC‑7901 cell lines were obtained from the Type Culture 
Collection of the Chinese Academy of Sciences (Shanghai, 
China). Cells were cultured in RPMI‑1640 medium (Gibco; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) containing 
with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher 
Scientific, Inc.) and 1% penicillin‑streptomycin in a humidi-
fied atmosphere of 95% air and 5% CO2 at 37˚C.

Reagents and antibodies. Recombinant SDF‑1α was purchased 
from PeproTech (Rocky Hill, NJ, USA). The CXCR4 
antagonist AMD3100 (cat. no. A5602), the phosphoinositide 
3‑kinase (PI3K)/Akt inhibitor LY294002 (cat. no. L9908) and 
the SRC inhibitor PP2 (cat. no. P0042) were obtained from 
Sigma‑Aldrich (Merck KGaA, Darmstadt, Germany). The 
ERK inhibitor PD98059 (cat. no. V1191) was obtained from 
Promega Corporation (Madison, WI, USA). Dimethyl sulf-
oxide was used to dilute CXCR4 and PP2. Mouse anti‑SRC 
(cat. no. SC‑24621; dilution, 1:500) and rabbit anti‑β‑actin 
(cat. no. SC‑1616; dilution, 1:1,000) antibodies were obtained 
from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA). 
Anti‑phosphorylated (p)‑EGFR (Tyr1068; cat. no.  2234; 
1:250), anti‑EGFR (cat. no. 2646; 1:1,000), rabbit anti‑Akt 

(cat. no.  9272; 1:1,000), anti‑p‑Akt (Ser473; cat. no.9271; 
1:500), anti‑ERK1/2 (cat. no.9102; 1:2,000), anti‑p‑ERK1/2 
(Thr202/Tyr204; cat. no.7263; 1:500) and anti‑p‑SRC 
(Y416; cat. no.6943T; 1:500) antibodies were purchased 
from Cell Signaling Technology, Inc. (Danvers, MA, USA). 
Rabbit anti‑CXCR4 antibodies were obtained from Abcam 
(Cambridge, UK).

Small interfering RNA (siRNA) transfection. The MGC‑803 
cells were seeded at a density of 2x105 cells/well on 6‑well 
plates and incubated overnight at 37˚C. The cells were trans-
fected with siRNAs using Lipofectamine® 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
protocol. The siRNA sequence (Genepharm, Inc., Sunnyvale, 
CA, USA) for EGFR was as follows: 5'‑GCC​UUU​GAG​AAC​
CUA​GAA​ATT‑3', and the control sequence was: 5'‑AAT​TCT​
CCG​AAC​GTG​TCA​CGT‑3'. After 72 h of transient transfec-
tion at 37˚C, the cells were analyzed using western blotting to 
examine the effect of EGFR siRNA.

Western blot analysis. Cells were seeded at a density of 2x105 
cells/well on 6‑well plates and incubated overnight at 37˚C. 
Cells were treated with CXCL12 (100 ng/ml) for 5 min, 30 min 
or 3 h. Cells were lysed in lysis buffer (1% Triton X‑100, 50 mM 
Tris‑HCl pH 7.4, 150 mM NaCl, 10 mM EDTA, 100 mM NaF, 
1 mM Na3VO4, 1 mM PMSF and 2 µg/ml aprotinin) on ice. 
The method of western blot analysis was described in our 
previous study (23).

Chemotaxis assay. Transwell migration assays were performed 
in 24‑well chemotaxis chambers (8‑µm pore size; Corning 
Incorporated, Corning, NY, USA). The pretreated cells 
(2x104 cells/well) with C225 (10 µg/ml), LY294002 (50 µM) 
and PD98059 (25 µM) were loaded onto the upper chamber 
with 200 µl serum‑free RPMI‑1640 medium. The lower cham-
bers contained 500 µl of RPMI‑1640 with 2.5% FBS, with or 
without 100 ng/ml of CXCL12. The cells in the chambers were 
incubated for 24 h at 37˚C. Non‑migrated cells were removed 
from the upper surface of the chamber with a wet cotton swab 
and cells on the lower surface of the chamber were stained 
using the Giemsa‑Wright method, as described previously (24). 
A total of 5 random fields per well were captured and counted 
in brightfield microscopy (magnification, x200; DMI3000 B; 
Leica Microsystems, Wetzlar, Germany).

Co‑immunoprecipitation. Mouse anti‑SRC, as previously 
described (1:200), or control IgG mixed with protein G agarose 
beads (GE Healthcare Bio‑Sciences, Pittsburgh, PA, USA) and 
200 µg of MGC‑803 cell lysate were incubated for 6 h at 4˚C. 
Immunoprecipitates were washed 4 times with lysis buffer as 
described previously. The method of immunoprecipitation was 
detailed in our previous study (23).

In situ proximity ligation assay (PLA). A PLA was performed 
to detect the SRC‑EGFR heterodimer. MGC‑803 cells were 
seeded at a density of 1x105 cells/well on 6‑well plates and 
incubated overnight at 37˚C. The cells were treated with 
CXCL12 and incubated for a further 3 h at 37˚C. Duolink 
in situ PLA (Olink AB, Uppsala, Sweden) was used according 
to the manufacturer's protocol. The mouse anti‑SRC antibody 
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and rabbit anti‑EGFR antibody, as previously described, were 
used as primary antibodies, at a dilution of 1:100. ProLong Gold 
Antifade reagent with DAPI (Molecular Probes; Thermo Fisher 
Scientific, Inc.) was used as the mounting medium. The method 
of PLA was otherwise as discussed in our previous study (23).

Statistical analysis. All the experimental data are expressed 
as the mean ± standard deviation, and the mean values were 
calculated from >3 independent experiments. SPSS software 
(version 18; SPSS, Inc., Chicago, IL, USA) was used for 
statistical analysis. Statistical comparisons were made with 
Student's two‑tailed t‑tests. P<0.05 was considered to indicate 
a statistically significant difference.

Results

CXCL12/CXCR4 induces gastric cancer cell migration. 
To investigate the role of the CXCL12/CXCR4 axis in 
gastric cancer cells, western blotting was used to examine 
the expression of CXCR4 in 3 gastric cancer cell lines 
(SGC‑7901, MGC‑803 and BGC‑823). As presented in 
Fig. 1A, all 3 gastric cancer cell lines expressed CXCR4. 

Compared with the untreated cells, CXCL12 evidently 
induced gastric cancer cell migration. AMD3100, a highly 
specific chemokine receptor CXCR4 antagonist (25), signifi-
cantly reduced CXCL12‑induced cell migration (Fig. 1B). 
These data demonstrated that the CXCL12/CXCR4 axis 
performs an important role in the migration of gastric cancer 
cells.

EGFR, ERK and Akt are involved in CXCL12‑induced gastric 
cancer cell migration. To examine which pathways are 
involved in CXCL12‑induced gastric cancer cell migration, 
cells were treated with CXCL12. Following treatment with 
100 ng/ml CXCL12 for 5 min, the levels of p‑EGFR/Akt/ERK 
were upregulated (Fig. 2A). The migration ability induced by 
CXCL12 was partially suppressed with PD98059 (25 µM), 
LY294002 (50  µM) and anti‑EGFR monoclonal antibody 
C225 (10 µg/ml; Fig. 2B). These data indicated that CXCL12 
induces gastric cancer cell migration due to the activation of 
EGFR/Akt/ERK signaling pathways.

EGFR regulates the activation of ERK/Akt pathways in 
CXCL12‑induced gastric cancer cell migration. To understand 

Figure 1. CXCL12/CXCR4 induces gastric cancer cell migration. (A) Western blot analysis demonstrated that the gastric cancer SGC‑7901, MGC‑803 and 
BGC‑823 cell lines expressed CXCR4. (B) The SGC‑7901, MGC‑803 and BGC‑823 cells were treated with CXCL12 (100 ng/ml) with or without AMD3100 
(10 µg/ml), and cell migration was assessed using a Transwell assay (magnification, x200). Cells are stained using the Giemsa‑Wright method (24). Data 
are presented as the mean ± standard deviation of 3 independent experiments. **P<0.01. CXCL12, stromal cell‑derived factor 1α, SDF‑1α; CXCR4, CXC 
chemokine receptor‑4; AMD3100, CXCR4 antagonist; Con, control.

https://www.spandidos-publications.com/10.3892/ol.2017.6389
https://www.spandidos-publications.com/10.3892/ol.2017.6389
https://www.spandidos-publications.com/10.3892/ol.2017.6389
https://www.spandidos-publications.com/10.3892/ol.2017.6389


CHENG et al:  SRC-MEDIATED CXCR4-EGFR CROSS-TALK IN GASTRIC CANCER CELLS2106

the role of EGFR in CXCL12‑induced gastric cancer cell migra-
tion, it was investigated whether the activation of ERK/Akt 
is dependent on EGFR. The MGC‑803 cells were pretreated 
with anti‑EGFR monoclonal C225 antibody (10 µg/ml) for 
2 h (Fig. 3A) or knockdown of the EGFR gene (Fig. 3B) was 
performed prior to stimulation with CXCL12 (100 ng/ml). A 
marked inhibition of CXCL12‑induced activation of ERK and 
Akt signaling was observed at the 30 min and 3 h time points 
following EGFR inhibitor or si‑EGFR treatment. These results 
demonstrated that CXCL12‑induced gastric cancer cell migra-
tion is EGFR‑Akt/ERK‑dependent in MGC‑803 cells.

CXCL12/CXCR4 effects the activation of EGFR and ERK/Akt 
via SRC. To assess which molecules modulate the activation of 
EGFR and the ERK/Akt signaling pathway, the effects of SRC 
on CXCL12‑induced migration activity in MGC‑803 cells was 
investigated. Rapid phosphorylation of SRC in MGC‑803 cells 
was observed following stimulation with CXCL12 (100 ng/ml; 
Fig. 4A). The CXCL12‑induced migration was inhibited by 
the SRC family kinase inhibitor PP2 (10 µM; Fig. 4B), as was 
the activation of EGFR, ERK and Akt pathways (Fig. 4C). To 
determine whether CXCR4 contributes to the phosphoryla-
tion of SRC and EGFR, MGC‑803 cells were pretreated with 

Figure 3. EGFR‑regulated activation of the ERK/Akt signaling pathway in CXCL12‑induced gastric cancer cell migration. (A) Serum‑starved MGC‑803 
cells were pretreated with or without C225 (10 µg/ml) for 2 h, cells were treated with CXCL12 (100 ng/ml) for 5 min, 30 min or 5 h, and the total levels of 
EGFR/Akt/ERK and p‑EGFR/p‑Akt/p‑ERK proteins were detected using western blot analysis. (B) Transient knockdown of the EGFR gene using EGFR 
siRNA for 72 h, followed by 100 ng/ml CXCL12 for 5 min, 30 min or 3 h. Western blot analysis was used to detect the total EGFR/Akt/ERK and p‑EGFR/
p‑Akt/p‑ERK protein levels. CXCL12, stromal cell‑derived factor 1α, SDF‑1α; C225, cetuximab; siRNA, small interfering RNA; NS, non‑silenced; EGFR, 
epidermal growth factor receptor; p‑EGFR, phosphorylated‑EGFR; ERK, extracellular signal‑regulated kinase; p‑ERK, phosphorylated‑ERK.

Figure 2. EGFR, ERK and Akt are involved in CXCL12‑induced gastric cancer cell migration. (A) Serum‑starved SGC‑7901, MGC‑803 and BGC‑823 cells 
were treated with CXCL12 (100 ng/ml) for 5 min, 30 min or 3 h, and the total protein levels of EGFR/Akt/ERK and p‑EGFR/p‑Akt/p‑ERK were detected using 
western blot analysis. (B) The SGC‑7901, MGC‑803 and BGC‑823 cells were treated with CXCL12 (100 ng/ml) with or without C225 (10 µg/ml), LY294002 
(50 µM) and PD98059 (25 µM), and cell migration was assessed using a Transwell assay. Data are presented as the mean ± standard deviation of 3 independent 
experiment. *P<0.05, **P<0.01. CXCL12, stromal cell‑derived factor 1α, SDF‑1α; EGFR, epidermal growth factor receptor; p‑EGFR, phosphorylated‑EGFR; 
C225, cetuximab; LY, LY294002; PD, PD98059; ERK, extracellular signal‑regulated kinase; p‑ERK, phosphorylated‑ERK.
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AMD3100 (10 µg/ml), a highly specific chemokine receptor 
CXCR4 antagonist (25), 2 h prior to stimulation with CXCL12. 
The results demonstrated that the inhibition of CXCR4 reduced 
the activation of SRC, EGFR and the downstream ERK/Akt 
signaling induced by CXCL12 (Fig. 4D).

Formation of the SRC/EGFR heterodimer is induced by 
CXCL12. To elucidate the interaction between SRC and 
EGFR, a co‑immunoprecipitation assay was performed 
following CXCL12 treatment. Co‑immunoprecipitation 
experiments demonstrated that the interaction between EGFR 
and SRC was enhanced by CXCL12 (Fig. 5A). The forma-
tion of SRC/EGFR heterodimers by Duolink in situ PLA was 
also evaluated. This method confirmed the promotion of the 
interaction between SRC and EGFR by CXCL12, with red 
fluorescent signals indicating the presence of the SRC‑EGFR 
heterodimer (Fig. 5B). Compared with CXCL12 alone, PP2 
reversed the complex of SRC/EGFR promoted by CXCL12 
(Fig.  5C). These results indicated that CXCL12/CXCR4 

induced gastric cancer migration via the formation of 
SRC/EGFR heterodimers.

Discussion

CXCL12/CXCR4 signaling was initially established as a 
regulator of B lymphocyte chemoattractant (26). Later, it was 
reported that CXCR4 performs an important role in tumor 
cell survival, proliferation, migration and stemness (27). The 
binding of CXCL12 to CXCR4 leads to activation of numerous 
downstream signaling pathways, including MAPK‑ERK, 
PI3K‑Akt‑NF‑κB and c‑Jun N‑terminal kinase, and also 
modulates tumor progression (5). In the present study, it was 
observed that 3 gastric cancer cell lines express different levels 
of CXCR4. Using AMD3100, a highly specific chemokine 
receptor CXCR4 antagonist (25), the activation of ERK/Akt 
signaling and the migration ability promoted by CXCL12 were 
reduced. This supports the central role of the CXCL12/CXCR4 
axis in gastric cancer cell migration.

Figure 4. CXCL12 effects the activation of EGFR and ERK/Akt via SRC. (A) Serum‑starved MGC‑803 cells were treated with CXCL12 (100 ng/ml) for 
5 min, 30 min or 3 h, and p‑SRC was analyzed using western blot analysis. (B) The MGC‑803 cells were treated with CXCL12 (100 ng/ml) with or without 
PP2 (10 µM), and cell migration was assessed using a Transwell assay. Data are presented as the mean ± standard deviation of 3 independent experiment. 
**P<0.01. (C) Serum‑starved MGC‑803 cells were pretreated with or without PP2 for 2 h, then cells were treated with CXCL12 (100 ng/ml) for the indicated 
times and western blot analysis was used to examine the total levels of EGFR/Akt/ERK and p‑EGFR/p‑Akt/p‑ERK protein. (D) Serum‑starved MGC‑803 
cells were pretreated with or without AMD3100 for 2 h, cells were incubated with CXCL12 (100 ng/ml) for 5 min, 30 min or 3 h, and the total EGFR/Akt/ERK 
and p‑EGFR/p‑Akt/p‑ERK protein levels were examined using western blot analysis. CXCL12, stromal cell‑derived factor 1α, SDF‑1α; PP2, SRC inhibitor; 
EGFR, epidermal growth factor receptor; p‑EGFR, phosphorylated‑EGFR; ERK, extracellular signal‑regulated kinase; p‑ERK, phosphorylated‑ERK; DMSO, 
dimethyl sulfoxide.
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Aberrant activation or overexpression of EGFR contributes 
to tumor progression (28). CXCR4 is a seven‑transmembrane 
trimeric GPCR, which is a type of receptor that may trans-
activate EGFR via ligand‑dependent and ligand‑independent 
mechanisms  (29). Firstly, CXCL12/CXCR4 stimulates 
ectodomain shedding of EGFR ligands mediated by ADAM, 
including amphiregulin, EGF, epiregulin and HB‑EGF, 
and mediates the activation of EGFR (10). A previous study 
established that HB‑EGF and CXCL12 together enhance the 
amphiregulin shedding from NUGC4 cells, serving an impor-
tant role in peritoneal carcinomatosis from gastric cancer (11). 
Secondly, SRC promotes the formation of the Shc/Grb2/SoS 
complex and activation of the intracellular tyrosine kinase 
domain of EGFR (18). In breast and ovarian cancer cells, the 
interaction of CXCL12 to CXCR4 activates EGFR in a SRC 
kinase‑dependent mechanism (10,30). In the present study, 
following exposure to CXCL12, there was a gradual increase 
in the phosphorylation of SRC, alongside the activation of 
EGFR. PP2 inhibition of SRC suppressed the migration ability 
and activation of EGFR. In addition, treatment with C225 or 
the knockdown of the EGFR gene inhibited CXCL12‑induced 
ERK/Akt phosphorylation, indicating that these two signaling 
pathways are regulated by CXCL12/CXCR4‑induced EGFR 
transactivation. Therefore, these results suggested that 
inclusive of the first hypothesis, there may be a potential 

SRC‑dependent mechanism of EGFR intracellular activation 
in CXCL12/CXCR4‑induced gastric cancer cell migration.

To elucidate the underlying regulatory mechanisms of SRC 
involved in EGFR activation in CXCL12/CXCR4‑induced 
gastric cancer cell migration, the interaction between SRC 
and EGFR was investigated. SRC interacts with multiple 
receptor tyrosine kinases via its SH2 domain and promotes 
the activation of multiple signaling pathways  (19,31,32). 
EGFR and SRC form a stable complex when exposed to 
irradiation in lung cancer cells  (33). Our previous study 
reported the formation of the Met/SRC/EGFR complex 
was induced by cetuximab in colon cancer cells as a 
resistance mechanism, and the interaction of SRC/EGFR 
heterodimers antagonize apoptosis induced by tumor 
necrosis factor‑related apoptosis‑inducing ligand in gastric 
cancer cells (23,34). However, the function of the interac-
tion of the SRC and EGFR heterodimer in the regulation 
of CXCL12‑induced EGFR activation remains to be eluci-
dated. Co‑immunoprecipitation results demonstrated that 
CXCL12 induced the formation of SRC/EGFR heterodi-
mers. In addition, SRC inhibitors reduced the formation of 
the SRC/EGFR complex stimulated by CXCL12. To the best 
of our knowledge, the present study is the first to identify 
that CXCL12 induces EGFR activation, at least partially, via 
the SRC‑EGFR heterodimer complex.

Figure 5. Formation of the SRC/EGFR heterodimer is induced by CXCL12. (A) Serum‑starved MGC‑803 cells were treated with CXCL12 for 5 min, 30 min 
or 3 h. Whole cell lysates were immunoprecipitated with anti‑SRC antibody. SRC and EGFR levels were analyzed using western blot analysis. Input represents 
cell lysates that were not subjected to immunoprecipitation or antibodies as an IP control. (B) The SRC/EGFR complex was detected using Duolink in situ 
proximity ligation assay following stimulation with 100 ng/ml CXCL12 for 3 h in MGC‑803 cells. Red fluorescence, interaction of SRC with EGFR; blue, 
nucleus; yellow arrows, foci of interaction between SRC and EGFR on the merged image (magnification, x60). (C) Serum‑starved MGC‑803 cells were 
pretreated with 10 µM SRC inhibitor PP2 for 2 h and then treated with 100 ng/ml CXCL12 for 3 h. The interaction between SRC and EGFR was detected using 
immunoprecipitation. CXCL12, stromal cell‑derived factor 1α, SDF‑1α; PP2, SRC inhibitor; EGFR, epidermal growth factor receptor; IP, immunoprecipita-
tion; Con, control.
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AMD3100 is a highly specific chemokine receptor CXCR4 
antagonist, which is also termed plerixafor or Mozobil®. 
In 2008, AMD3100 was approved by the Food and Drug 
Administration for patients with non‑Hodgkin's lymphoma 
or multiple myeloma (25). Numerous clinical trials using 
the anti‑CXCR4 antibody have been initiated in preclinical, 
phase I or phase II trials for solid tumor treatment with 
encouraging results (35). In addition, SRC kinase inhibitors, 
including saracatinib, dasatinib and bosutinib, are adminis-
tered to patients with solid tumors (36). Montero et al (37) 
supported the use of dasatinib in combination with a number 
of treatments for solid tumors. Plerixafor combined with 
SRC inhibitors and chemotherapy or radiotherapy may aid 
individualized patient management, particularly in patients 
with metastatic gastric cancer that have high expression 
levels of CXCR4 or CXCL12. However, further experimental 
and clinical studies are required to confirm the results of the 
present study.

In conclusion, the present study indicated that SRC medi-
ates EGFR activation through the formation of SRC/EGFR 
heterodimers, and that activated EGFR stimulates ERK/Akt 
pathways in CXCL12/CXCR4‑induced gastric cancer cell 
migration. These results provide novel insight into the 
molecular network of the CXCL12/CXCR4 pathway in gastric 
cancer cell migration.
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