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Background: Previous studies have established cross-talk between CXC chemokine receptor 4 (CXCR4) and epidermal growth
factor receptor (EGFR) in gastric cancer, however, the effect of dual CXCR4/EGFR tumor status on patient sur-
vival and mechanisms regulating expression has yet to be investigated.

Material/Methods: A total of 56 gastric cancer patients were recruited to reveal the relationship between CXCR4 and EGFR ex-
pression, and the clinic-pathological features of samples were investigated by immunohistochemical staining.
Two gastric cancer cell lines were treated with CXCL12 or EGF, and expression levels of CXCR4 and EGFR were
detected by reverse-transcription-polymerase chain reaction and western blotting. Cells were treated with an
NF-xB pathway inhibitor to investigate its role in the regulation of CXCL12 or EGF-mediated CXCR4 and EGFR
expression and migration ability.

Results: The results show that CXCL12 upregulated CXCR4 and EGFR. Similarly, EGF could induce the expression of CXCR4
and contribute to gastric cancer cell metastasis. In addition, both CXCL12 and EGF could induce the activation
of IKKa/B and P65. Conversely, suppression of the NF-kB pathway remarkably decreased the expression of
CXCR4/EGFR and migration ability induced by EGF or CXCL12. Furthermore, a significantly positive correlation
between CXCR4 and EGFR expression was observed in gastric cancer patient tissues (r=0.372, P=0.005). Samples
expressing both receptors had significantly poorer patient prognosis than other patient groups (P=0.002).

Conclusions: Our results showed that the CXCL12/CXCR4 and EGF/EGFR axis can regulate the expression of each other
through the NF-xB pathway to promote metastasis. These data suggested that simultaneous inhibition of EGFR
and CXCR4 may be a potential therapeutic strategy in gastric cancer.
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Background

Human gastric cancer is one of the most common causes of
cancer related death throughout the world [1]. Despite recent
advances in understanding the molecular networks of gas-
tric cancer, the high mortality rate has not largely changed.
The failure of comprehensive therapies and poor prognosis in
gastric cancer are attributed to the high diversity of signal-
ing outcomes and heterogeneity of the disease [2]. Therefore,
there is an urgent need to demonstrate the molecular mecha-
nisms of different types of gastric cancer and to identify nov-
el molecular targets for treatment.

CXC chemokine receptor 4 (CXCR4), as the receptor of CXCL12,
has been identified to be important in tumor proliferation, inva-
sion, and metastasis [3]. Several studies have confirmed that
G-protein coupled receptors (such as chemokine receptors,
for example CXCR4) can cross-activate other receptors, which
then stimulate signaling pathways involved in tumor progres-
sion [4-6]. In recent years, the cross-talk between CXCR4 and
epidermal growth factor receptor (EGFR) was found to be es-
sential for gastric, non-small cell lung, and ovarian cancer cell
migration [7-9]. EGFR/CXCR4 co-expression identified a subset
displaying worse prognosis in non-small cell lung and breast
cancers [9,10]. However, the relationship between CXCR4 and
EGFR in gastric cancer tissue samples, and the mechanism reg-
ulating their expressions remain unclear. EGFR was shown to
increase the expression level of CXCR4 through the PI3K/AKT
signaling pathway to enhance tumor growth in ovarian can-
cer cell lines [11]. Another study in ovarian cancer cells re-
ported that EGFR activates CXCR4, resulting in the increased
metastatic ability [8]. Similarly, activation of both EGFR and
human epidermal growth factor receptor 2 (HER-2) was found
to increase CXCR4 expression in triple-negative breast cancer
cells [10]. However, the effects of EGF/EGFR on the upregula-
tion of the expression of CXCR4 and CXCL12/CXCR4-induced
EGFR upregulation in gastric cancer are unclear.

In the current study, we demonstrated that CXCL12/CXCR4 up-
regulated CXCR4 and EGFR. Similarly, EGF/EGFR was able to in-
duce the expression of CXCR4 and contribute to gastric can-
cer cell metastasis. In addition, the mechanisms of molecular
regulation of CXCR4 and EGFR, and their associations with the
clinic-pathological parameters and prognosis were determined
from gastric cancer tissue specimens.

Material and Methods

Cells and cell culture

The human gastric cancer cell lines MGC-803, SGC-7901,
BGC-823, N87, MKN45, and NUGC4 were purchased from the
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Type Culture Collection of the Chinese Academy of Sciences
(Beijing, China). All medium contained 10% heat-inactivated
fetal bovine serum (FBS), penicillin (100 U/mL), and strepto-
mycin (100 pg/mL) at 37°C in a humidified chamber that con-
tained 5% CO..

Reagents and antibodies

Recombinant (CXCL12) SDF-1a was purchased from Pepro
Tech (USA). The CXCR4 antagonist AMD3100 and NF-xB path-
way inhibitor BAY117082 were obtained from Sigma (St. Louis,
MO, USA), C225 (cetuximab) was obtained from Merck KGaA
(Darmstadt, Germany). The EGFR antagonist was purchased
from Cell Signaling Technology. Rabbit anti-CXCR4 antibodies
were obtained from Abcam (Cambridge, UK). All the other anti-
bodies were purchased from Santa Cruz Biotechnology (USA).

Reverse-transcription-polymerase chain reaction (RT-PCR)

Cells were cultured and harvested at the indicated times.
Total cellular RNA was isolated with TRIzol reagent (Takara
Bio, Kusatsu, Japan) according to the manufacturer’s instruc-
tions. Referring to our previous method [12]. PCR conditions
were 95°C for 30 seconds; 45 cycles at 95°C for 5 seconds and
58°C for 34 seconds. The primer sequences were as follows:
EGFR, forward: 5-GGCACTTTTGAAGATCATTTTCTC-3’

EGFR, reverse: 5’-CTGTGTTGAGGGCAATGAG-3’

CXCR4, forward: 5’-GGCCCTCAAGACCACAGTC- 3’

CXCR4, reverse: 5’-TTAGCTGGAGTGAAAACTTG- 3’

18S, forward: 5’-CCCGGGGAGGTAGTGACGAAAAAT-3’

18S, reverse: 5-CGCCCGCCCGCTCCCAAGAT-3’

Cellular fractionation

After stimulation with CXCL12 or EGF for 1 hour, cells were
washed twice in ice-cold phosphate-buffered saline (PBS).
According to the Nuclear and Cytoplasmic Protein Extraction Kit
by Keygen BioTECH. Cells were suspended in hypotonic lysis buf-
fer containing protease and phosphatase inhibitors and incubat-
ed on ice for 30 minutes. The cytoplasmic proteins: the homog-
enate was centrifuged (3000 g for 10 minutes at 4°C), therefore
separating the cytoplasmic extracts (supernatant) from the nu-
clear extracts (pellet). The nuclear proteins: the supernatants
containing isolate nuclear protein extracts were resuspended in
ice-cold hypertonic lysis buffer and incubated for 40 minutes,
followed by centrifugation at (14 000 g for 30 minutes at 4°C).
Nuclear and cytosolic NF-kB immunocontent were analyzed
by western blot in relation to PARP and B-tubulin as controls.

Western blot

Western blot was performed as described previously [4].
Immunoblotting was performed on 30 pg of total protein from
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the whole cells, transferred to a nitrocellulose membrane, and
probed with specific antibodies. The blots were washed in
Tween-Tris buffered saline (TTBS) before incubation with the
secondary antibodies. The protein was visualized with the
Electrophoresis Gel Imaging Analysis System.

Chemotaxis assay

The migration assay was performed as described previously [7].
Briefly, cells were seeded at 1.25x10° cells/mL in serum-free
RPMI 1640, and the top chamber of the Transwell was loaded
with 100 pL of cell suspension. The bottom chamber was loaded
with 0.5 mL 1640 containing 2.5% FBS with or without CXCL12
(100 ng/mL) or EGF (100 ng/mL) or CXCL12 (100 ng/mL) plus
EGF (100 ng/mL). The migrated cells to the lower chambers
were then washed, fixed, and stained. The number of migrat-
ing cells was counted in 3 high power fields (200x).

Patients and tissue samples

The files of 56 GC patients who underwent D2 and RO surgi-
cal resection between 2006 and 2011 at the First Hospital of
China Medical University, were collected in our study. No pa-
tient had received pre-operative chemotherapy or radiother-
apy. Age, sex, tumor size, lymphovascular invasion, depth of
invasion, lymph node metastasis, and tumor node metasta-
sis (TNM) stage and Lauren grade were evaluated by review-
ing medical charts and pathology records. This study was ap-
proved by the Human Ethics Review Committee of the First
Hospital of China Medical University.

Immunohistochemistry

Immunohistochemical staining was performed as described
previously [4,13]. Positivity (high expression) was defined as
>10% of tumor cells showing staining in the sample. Final
scores were assigned by three observers.

Statistical analysis

All the presented data were confirmed in at least 3 independent
experiments and were expressed as the mean+SD. Differences
between groups were compared using Student’s t-test. Patient
characteristics were tabulated by CXCR4 and EGFR, and differ-
ences between groups were compared using chi-square test.
The correlation between CXCR4 and EGFR expression was as-
sessed using Spearman rank correlation for continuous vari-
ables. The log-rank test and the Kaplan-Meier method were
estimated for OS. SPSS 22.0 computer software was used for
statistical analysis. Statistical significance was considered as
P-values below 0.05.

CLINICAL RESEARCH

Results

CXCL12 and EGF cooperatively promote GC cells migration

In order to identify the relationship between CXCR4 and EGFR,
we screened gastric cancer cell lines that co-express CXCR4 and
EGFR (Figure 1A). Serum-starved SGC-7901 and MGC-803 cells
were stimulated with CXCL12 for 48 hours, and then CXCR4
and EGFR mRNA levels were evaluated by RT-PCR. The expres-
sion of CXCR4 was increased by 3+0.5-fold in SGC-7901 and
2.5+0.3-fold in MGC-803 cells. The expression of EGFR was in-
creased by 3+0.3-fold in SGC-7901 and 3.5+0.2-fold in MGC-
803 cells (Figure 1B, P<0.05). The protein levels of CXCR4 and
EGFR were upregulated under CXCL12 stimulation (Figure 1C).
Serum-starved SGC-7901 and MGC-803 cells were stimulat-
ed with EGF for 48 hours. CXCR4 and EGFR mRNA levels were
then assessed by RT-PCR. The expression of CXCR4 was in-
creased by 3.2+0.25-fold and 2.5+0.3-fold in SGC-7901 and
MGC-803 cells, respectively (P<0.05), however, no significant
change in EGFR expression was observed (Figure 1D). The pro-
tein level of CXCR4 was upregulated with EGF stimulation and
no change was observed in EGFR (Figure 1E). Transwell migra-
tion assays indicated that the cell migration ability when treat-
ed with CXCL12 or EGF increased (210+4% and 141+9% for
SGC-7901, 395+14% and 290+8% for MGC-803, respectively,
P<0.05). However, the migration ability of gastric cancer cells
was remarkably increased after treatment with CXCL12 plus
EGF (331+6% for SGC-7901, 505+14% for MGC-803) (Figure 1F).
These results indicated that CXCL12 and EGF cooperatively pro-
mote gastric cancer cell migration.

NF-«xB transcription factor contributes to CXCL12/CXCR4-
mediated EGFR and CXCR4 upregulation

We previously found that CXCL12 affects the activation of EGFR
via SRC [7]; however, the molecular mechanism through which
CXCL12 could induce EGFR and CXCR4 upregulation in GC is un-
clear. To examine which pathways mediate these events, cells
were treated with CXCL12. MGC-803 cells were stimulated with
100 ng/mL of CXCL12 for 15 minutes, the levels of p-p65/IKKo/p
were upregulated (Figure 2A). The MGC-803 cells were incubat-
ed with 100 ng/mL CXCL12 for 1 hour, and then cytosolic and
nuclear fractions were prepared to identify the translocation
of P65/NF-kB. CXCL12 provoked the cytosol-to-nucleus trans-
location of P65 (Figure 2B). To determine the contribution of
the NF-xB signaling axis, MGC-803 cells were pretreated with
BAY117082 (15 uM), an NF-xB inhibitor, for 2 hours prior to
stimulation with CXCL12. This resulted in marked inhibition of
p65/1KKoi/B phosphorylation and upregulation of EGFR/CXCR4
(Figure 2C). In addition, BAY117082 was shown to significant-
ly suppress CXCL12-induced GC cell migration (400+50% ver-
sus 120+20% for MGC-803, P<0.05) (Figure 2D). Inhibition of
CXCR4 blocked CXCL12-induced activation of p65/IKKa/p and
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Figure 1. CXCL12 and EGF cooperatively promote gastric cancer cell migration. (A) Protein levels of EGFR and CXCR4 in gastric cancer
cells. (B, C) Relative mRNA and protein levels of CXCR4 and EGFR were evaluated after treatment with CXCL12 (100 ng/mL).
(D, E) Relative mRNA and protein levels of CXCR4 and EGFR were evaluated after treatment with EGF (100 ng/mL).
(F) MGC-803 and SGC-7901 cells were treated with CXCL12 (100 ng/mL) or EGF (100 ng/mL) or CXCL12 (100 ng/mL) plus EGF
(100 ng/mL), cells migration was performed using the Transwell assay. Values are represented as mean+SD in 3 independent
experiments. (* P<0.05, ** P<0.01).
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Figure 2. NF-xB transcription factor contributes to CXCL12/CXCR4-mediated EGFR upregulation. (A) MGC-803 cells were treated with
CXCL12 (100 ng/mL). Phosphor-p65/IKKa/B were determined by western blot assay (m, minute; h, hour). (B) MGC-803 cells
were incubated with CXCL12 (100 ng/mL) for 1 h. Nuclear and cytoplasm cell lysate proteins were analyzed by western
blot assay. (C) MGC-803 cells were treated with CXCL12 (100 ng/mL) for 48 h and pretreated with or without BAY117082
(15 uM). Western blot analysis of EGFR and CXCR4. (D) MGC-803 cells were treated with CXCL12 (100 ng/mL) with or without
BAY117082 (15 puM). Cell migration was examined by Transwell assay. Values are represented as mean+standard deviation
(SD) in 3 independent experiments (* P<0.05). (E) MGC-803 cells were treated with CXCL12 (100 ng/mL) for 48 h and
pretreated with or without AMD3100 (10 pg/mL). Western blot analysis of phosphor-p65/IKKa/B, EGFR, and CXCR4.

EGFR/CXCR4 upregulation (Figure 2E). The results showed that
inhibition of the NF-kB signaling axis reduced the upregula-
tion of CXCR4/EGFR and migration ability induced by CXCL12.

NF-«xB transcription factor contributes to EGF/EGFR-
mediated CXCR4 upregulation

To ascertain the essential role of NF-xB signaling in EGF/EGFR-
induced CXCR4 upregulation, cells were incubated with EGF.
After treatment with 100 ng/mL EGF for 15 minutes, the lev-
el of p-p65/IKKa/p increased (Figure 3A). MGC-803 cells were
incubated with 100 ng/mL EGF for 1 hour, and cytosolic and

nuclear fractions were prepared to determine translocation of
P65/NF-xB. EGF provoked cytosol-to-nucleus translocation of
P65 (Figure 3B). MGC-803 cells were pretreated with BAY117082
(15 pM) for 2 hours prior to stimulation with EGF, a marked
inhibition of p65/IKKa/p phosphorylation and CXCR4 upregu-
lation could be observed (Figure 3C). In addition, BAY117082,
an NF-xB inhibitor, significantly reduced EGF-induced gastric
cancer cells migration (250+20% versus 110+10% for MGC-803,
P<0.05) (Figure 3D). Inhibition of EGFR was shown to block EGF-
induced activation of p65/IKKo./f and upregulation of CXCR4
(Figure 3E). The results indicated that EGF/EGFR could induce
CXCR4 upregulation and migration ability via NF-kB signaling.
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Figure 3. NF-xB transcription factor contributes to EGF/EGFR-mediated CXCR4 upregulation. (A) MGC-803 cells were treated with EGF
(100 ng/mL). Phosphor-p65/IKKa/p were determined by western blot assay (m, minute; h, hour). (B) MGC-803 cells were
incubated with EGF (100 ng/mL) for 1 h. Nuclear and cytoplasm cell lysate proteins were analyzed by western blot assay.
(€) MGC-803 cells were treated with EGF (100 ng/mL) for 48 h and pretreated with or without BAY117082 (15 uM). Western
blot analysis of CXCR4. (D) MGC-803 cells were treated with EGF (100 ng/mL) with or without BAY117082 (15 uM). Cell
migration was examined by Transwell assay. Values are represented as meansstandard deviation (SD) in 3 independent
experiments (* P<0.05). (E) MGC-803 cells were treated with EGF (100 ng/mL) for 48 h and pretreated with or without C225
(10 pg/mL). Western blot analysis of phosphor-p65/IKKo/f3 and CXCR4.

CXCR4 and EGFR levels influence GC prognosis

A total of 56 histologically confirmed resected gastric cancer tis-
sues were collected in this study. Of the 56 patient specimens,
34 (60.7%) showed high-level expression of CXCR4 (Figure 4)
which was significantly associated with lymph node metastasis
(P=0.024; Table 1). In 17 samples (30.4%), high-level expres-
sion of EGFR (Figure 4) was associated with depth of invasion
and lymph node metastasis (P=0.045 and P=0.022, respec-
tively; Table 1). The surgical outcomes of patients were poor-
er with EGFR and CXCR4 expressions. (P=0.001 and P=0.011,
respectively; Figure 5A, 5B). Co-expression of CXCR4 and EGFR

showed worse prognosis compared to other patient groups
(P=0.002; Figure 5C). Importantly, a significantly positive cor-
relation was found between the expressions of CXCR4 and
EGFR (r=0.372, P=0.005; Table 2).

Discussion

In the last few years, evidence from our laboratory and oth-
ers, has demonstrated a key role of the tumor microenvi-
ronment in tumorigenesis, metastasis and chemoresistance.
Furthermore, targeting tumor-stroma interactions is a major
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Figure 4. Representative images showing CXCR4 and EGFR immune-histochemical staining in gastric cancer tissues. Representative
images showing CXCR4 and EGFR immunohistochemical staining in gastric cancer tissues. EGFR (A) and CXCR4 (B) low-
staining levels; EGFR (C) and CXCR4 (D) high-staining levels (in brown), magnification 200x.

potential area for therapeutic development [4,14,15]. Growth
factors and inflammatory cytokinesis are enriched in the tu-
mor microenvironment and have a synergistic effect on the
enhancement of tumor infiltration and metastasis [16,17].
Rg et al. reported that HGF/IGF-1 can cooperate with CXCL12
to promote migration of myeloma cells [18]. However, in this
study cytokine receptor expression did not increase after cyto-
kine stimulation. Kim et al. demonstrated that EGF and CXCL12
synergistically modulate breast cancer cell motility in 3D en-
vironments [19]. In our study, we found that CXCL12 and EGF
cooperatively promote gastric cancer cells migration and po-
tential synergy between them could be explained by upreg-
ulation of receptors. CXCR4 and EGFR have been considered
as 2 predictive factors of prognosis and metastasis in several
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malignancies [20-22]. Al Zobair et al. reported co-expressed
CXCR4 and EGFR are associated with poorer prognosis in non-
small cell lung cancer (NSCLC) [9]. More notably, similar obser-
vations have been found in inflammatory breast cancer and
pancreatic ductal adenocarcinoma [10,23]. However, no study
has focused on dual CXCR4/EGFR expression and its prognos-
tic impact in gastric cancer

In our study, 56 gastric cancer specimens were collected. Our
results suggested that patients with co-expression of CXCR4
and EGFR were more likely to have lymph node metastasis
and poor prognosis, which is consistent with previous stud-
ies [4,13]. Furthermore, the impact of co-expression of CXCR4
and EGFR on prognosis in gastric cancer was investigated.
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Table 1. Correlation between CXCR4/EGFR levels and clinicopathological factors in patients with primary GC.

Factors
Negative
Gender
"""" Female 14 11
"""" Male 4 28
CAge
"""" €w 28 2
"""" % 28 19

Intestinal 22 14
Diffuse 21 16
mixed 13 9

Positive

Positive

Negative

3 5 9
14 0.513 17 25 0.752
8 10 18
9 1.000 12 16 0.584
0 5 4
17 0.045* 17 30 0.294
7 10 19
10 0.730 12 15 0.922
6 5 14
11 0.887 17 20 0.154
1 10 6
16 0.022* 12 28 0.024*
8 8 14
5 8 13
4 0.670 6 7 0.840

LN — lymph node. * P<0.05.

In the analysis of the combined status of the expressions of
CXCR4 and EGFR, patients with EGFR* and CXCR4* had shorter
overall survival compared to the other groups. We also found
that CXCR4 expression was positively associated with EGFR ex-
pression. These observations may be useful in predicting the
prognosis of patients with gastric cancer and offer a promis-
ing approach towards the development of targeted therapies.

Previous research has shown that GPCRs (such as chemokine
receptors, for example CXCR4) can cross-activate other re-
ceptors, including EGFR [24]. Firstly, CXCL12/CXCR4-mediated
ectodomain shedding of EGFR ligands has been shown as a
potential mechanism for EGFR transactivation in gastric can-
cer [25]. Secondly, EGFR transactivation may occur through in-
tracellular phosphorylation via SRC, which was observed in our
previous study [7]. However, whether CXCL12/CXCR4 could up-
regulate EGFR and the underlying molecular mechanisms re-
main largely unknown in gastric cancer.

CXCR4 activation promotes nuclear translocation of NF-kB.
Activation of NF-xB stimulated by inflammatory cytokines was
demonstrated in diverse progressions of cancer development,
including epithelial-mesenchymal transition (EMT), motility,
and invasion of tumor cells [26]. We hypothesized that NF-kB
signaling pathway may participate in CXCL12/CXCR4-induced
EGFR upregulation and gastric cancer migration. In the pres-
ent study, following exposure to CXCL12, there was a gradu-
al increase in the phosphorylation of p65/IKKa/p and upreg-
ulation of CXCR4/EGFR. Furthermore, inhibition of the NF-xB
signaling pathway reversed CXCR4/EGFR upregulation, and
enhanced the migration ability mediated by CXCL12. These
results clearly indicated that CXCL12/CXCR4 induced EGFR
upregulation and migration ability, at least partially, via the
NF-xB signaling axis.

It is well known that EGF/EGFR signaling is crucial in the meta-
static progression of many tumors [27]. Previous studies have
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Figure 5. CXCR4 and EGFR levels influence the prognosis of patients with gastric cancer. CXCR4 and EGFR levels influence the
prognosis of patients with gastric cancer. Kaplan-Meier analysis of overall survival (OS) for EGFR (A) and CXCR4 (B)

expressions in all gastric cancer patients (n=56, P=0.001 and P=0.011). (C) Kaplan-Meier analysis of OS for patients with co-
expression of CXCR4 and EGFR was undertaken (P=0.002).

Table 2. Correlations between CXCR4 expression and EGFR levels in patients with primary GC.

CXCR4 expression

Negative (%) 22 20 (35.7) 2 (3.5 0.372 0.005*
postve®) 34 1934 15 (68
 Number®)  s6 39 697% 17 Go3%)
* P<0.05.
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Figure 6. A working model for amplified cross-talk between
CXCR4 and EGFR to promote gastric cancer metastasis.
A positive feedback loop of CXCR4/EGFR-NF-kB-CXCR4/
EGFR exists in the gastric cancer signaling network,
which ultimately increases gastric cancer cellular
metastasis.
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