
ONCOLOGY REPORTS  29:  1524-1532,  20131524

Abstract. Although the relationships between CXCR4 and 
EGFR expression and survival in non‑small cell lung cancer 
(NSCLC) have been studied independently, dual CXCR4/
EGFR tumor status and its relationship with survival has not 
been previously investigated. In the present study, we examined 
the relationship between CXCR4 expression, EGFR expression 
and dual CXCR4/EGFR expression and survival in patients 
with NSCLC (n=125) using immunohistochemical techniques. 
Overall survival was estimated using Kaplan-Meier and Cox 
proportional hazards models adjusting for patient age, tumor 
stage and type of treatments. Patients with CXCR4-positive 
tumors were significantly associated with distant metastasis 
and tended to have poorer prognosis compared to patients with 
CXCR4-negative tumors (HR=2.172, 95% CI=1.229‑3.839). 
No significant association between EGFR expression and 
survival was found; however co-expression of CXCR4/EGFR 
was a significant prognostic factor of worse overall survival 
(HR=2.741, 95% CI=1.330‑5.741). Furthermore, we showed 
that EGF enhanced the expression of CXCR4 in NSCLC cells 
through the PI-3K pathway, and treatment of NSCLC cells 
with EGFR phosphorylation inhibitor, AG1478, resulted in 
downregulation of the expression of CXCR4. These results 
suggest an important interaction between CXCR4 and EGFR 
intracellular pathways that may activate signals of tumor 
progression and may provide a valid explanation for the poor 
overall survival rate of patients whose co-expression of CXCR4 
and EGFR is detected in tissue sections. Based on EGFR 
and CXCR4 expression, new molecular subtypes of NSCLC 
established in the present study can be used for customiza-

tion of NSCLC treatment. Our results also showed that EGFR 
and CXCR4 are potential therapeutic targets for NSCLC and 
that simultaneous inhibition of EGFR and CXCR4 in NSCLC 
patients with concomitant expression of both CXCR4 and 
EGFR may be an effective treatment strategy.

Introduction

Lung cancer, and particularly non‑small cell lung cancer 
(NSCLC), is the leading cause of cancer‑related mortality 
worldwide. In China, approximately 500,000 patients were 
diagnosed with lung cancer and 430,000 deaths were reported 
in 2005. In 2025, the number of deaths is expected to be 
more than one million (1-4). After diagnosis, less than 15% 
of patients survive beyond 5 years. Therefore, identification 
of molecular pathways involved in lung tumorigenesis and 
metastasis may lead to new targeted therapies. Among the 
known pathways are CXCR4 and EGFR, where both proteins 
are expressed in NSCLC and may predict prognosis (1,5).

Chemokines are small secreted chemotactic (8-10 kDa) 
proteins which play an important role in the regulation of 
leukocyte trafficking and extravasations toward the sites of 
tissue inflammation  (6). Many recent reports have shown 
that these chemokines are involved in every aspect of cancer 
biology (7). Among chemokines and their receptors is the 
CXCL12/CXCR4 system. CXCR4 is a seven-transmembrane 
trimeric G-protein-coupled receptor (GPCR); CXCL12, also 
called stromal cell-derived factor 1α (SDF1-1α), is a powerful 
chemoattractant cytokine that directs locomotion of hemato-
poietic and non-hematopoitic cells (8,9). Interaction between 
the chemokine receptor CXCR4 and its cognate ligand 
CXCL12 has been implicated in tumorigenicity, cell prolif-
eration, angiogenesis and metastasis in 23 types of cancers, 
such as lung cancer, breast cancer, melanoma, glioblastoma, 
pancreatic cancer, colorectal carcinoma, cholangiocarcinoma 
basal cell carcinoma cells and prostate cancer, and it has 
been proposed as a prognostic marker for these malignan-
cies (10-13).
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All NSCLC cell lines have been shown to express CXCR4 
on the cell surface (14). Kijima et al reported that the expression 
of the CXCR4 receptor in NSCLC cells regulates their homing 
to organs that express higher levels of CXCL12 such as lung, 
liver, bone marrow and lymph node. Similarly, Phillips et al 
reported that the CXCR4/CXCL12 biological axis can regulate 
the overall metastatic behavior of NSCLC, and they found that 
in vivo neutralization of CXCL12 in an SCID mouse system 
of human NSCLC by anti-CXCL12 antibodies resulted in a 
marked attenuation of NSCLC metastasis to adrenal gland, 
lymph node, liver, lung and bone marrow (15,16).

Moreover, NSCLC patients with clinical metastasis have 
been shown to express a high level of CXCR4 mRNA in their 
tissue specimen compared with patients without metastasis, 
suggesting that the activation of the CXCR4/CXCL12 pathway 
increases the ability of metastasis-associated behavior such as 
cell invasion and migration (14,17,18). Oonakanava et al found 
that the CXCL12/CXCR4 axis is involved in the metastasis 
of NSCLC cells into the pleural space (14), while Tang et al 
reported that the CXCL12/CXCR4 pathway mediates 
bone‑specific metastasis of NSCLC (8). Wagner et al reported 
that cytomembranous expression of CXCR4 is an independent 
risk factor associated with poor outcome in adenocarcinoma 
(ADC) of the lung (19).

Epidermal growth factor receptor (EGFR) is a membrane 
bound receptor, which is frequently mutated or functions 
anomalously in cancer. These receptors homodimerize or 
heterodimerize, after the binding of their cognate ligands, 
resulting in activation of their tyrosine kinase domain, subse-
quently initiating a cascade of signals that affects cell cycle 
progression, angiogenesis, apoptosis and metastasis leading to 
the development and progression of cancer (20,21). NSCLC 
tissues have been shown to overexpress EGFR at all tumor 
stages compared with uninvolved lung tissues. The EGFR 
gene copy number and EGFR mRNA transcript level are 
closely associated with the expression of EGFR in NSCLC 
tumors (5,22). The frequency of EGFR overexpression has been 
reported to range from 34 to 84%, and contradictory results 
have been reported regarding the correlation between EGFR 
overexpression and clinicopathological factors or patient 
survival. Either shorter or longer survival associated with 
EGFR expression has been reported by several studies (23). 
Despite the implication of EGFR signaling in the progression 
of NSCLC, a marginal survival benefit and limited response 
rates have been demonstrated with the use of anti-EGFR 
targeted therapies (24-26).

Interaction has been found between CXCR4 and EGFR in 
cancer cells. In ovarian cancer, EGFR has been shown to enhance 
the expression of CXCR4 in ovarian cancer cell lines through 
the activation of Src kinase that enhances tumor growth (27). 
Another study showed that EGFR activates not only CXCR4 
but also MMP9, leading to the increased metastatic potential of 
tumors (28). Similarly, concerning breast cancer, the activation 
of both EGFR and ErbB2 has been shown to increase CXCR4 
expression in breast cancer cells (29). Furthermore, it was found 
that patients with tumors co-expressing CXCR4 and EGFR 
had a high incidence of inflammatory breast cancer-related 
death and a lower overall survival rate (30). Regarding colon 
cancer, co-expression of both EGFR and CXCR4 has been 
shown to be positively correlated with lymph node metastasis 

and distant metastasis, when compared with high expression of 
each molecule alone (31). However dual expression of EGFR 
and CXCR4 and its relationship with prognosis has not been 
previously investigated in NSCLC.

The mechanism of EGFR‑induced CXCR4 activation 
appears to be complex, yet a close relationship has been 
suggested. Therefore, we carried out the present study using 
NSCLC tissue samples and cell lines to evaluate the potential 
correlation between CXCR4 and EGFR, and to investigate the 
relationship between their expression and clinicopathological 
parameters and to evaluate the prognostic impact of individual 
and combined expression of CXCR4 and EGFR in NSCLC.

Materials and methods

Patients. We retrospectively selected 125 patients with a 
histological diagnosis of NSCLC at Zhong Nan Hospital 
who were followed‑up on a regular basis during a qualified 
follow‑up program lasting from 2003 to 2011. Tumors were 
staged according to the American Joint Committee on Cancer 
(AJCC) pathologic tumor-node-metastasis (TNM) classifica-
tion. The study was conducted in conformity to the Helsinki 
Declaration and was approved by the Ethics Committee of 
Zhongnan Hospital, Wuhan, China.

Patient characteristics and recorded clinical features 
including age, gender, type of surgery, eventual concomitant 
treatment and evidence of recurrence were obtained from 
office files and hospital records. Follow-up was carried out on 
an outpatient basis at 3‑month intervals for the first 2 years 
and thereafter, for 6‑month intervals. The follow-up evaluation 
consisted of a physical examination and blood examina-
tion including the detection of pertinent tumor markers and 
contrast‑enhanced computed tomography (CT) scan of the 
chest. Further evaluation including CT of the abdomen, bone 
scintigraphy and MRI of the brain were performed when any 
signs or symptoms of recurrence were observed. Recurrences 
were detected by imaging techniques and were confirmed 
histologically when necessary. Neither chemotherapy nor 
radiotherapy were administered prior to surgery, and none of 
the patients received EGFR-targeted anticancer therapy during 
the follow‑up period.

Tissue preparation and immunohistochemical analysis. 
Immunohistochemical staining by a standard streptav-
idin‑peroxidase technique was used to examine CXCR4 and 
EGFR expression. Briefly, 5-µm paraffin sections were 
made, deparaffinized in xylene and dipped in a graded 
series of ethanol. In order to block endogenous peroxidase 
activity, the slides were incubated in 3% H2O2 for 10 min, 
for antigen retrieval; deparaffinized sections were boiled 
in citric acid, pH 6.0, in a pressure cooker for 3 min. The 
slides were dipped and cleansed in Tris buffer and incubated 
with anti-CXCR4 antibodies (Abcam, ab2074) or with anti-
EGFR antibodies (Abcam, ab2430) overnight at 4˚C. The 
bound antibody was detected with a biotinylated secondary 
antibody (Maixin-Bio). The enzyme complex was visualized 
with 3,3'-diaminobenzidine tetrachloride. Negative control 
experiments included omitting the primary antibody and 
replacing it with normal serum. The slides were assessed by 
two pathologists in a blinded manner.
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Specific immunoreactivity was observed in the nuclei 
and cytoplasm of the tumor cells. We used a system that was 
based on staining intensity and the percentage of stained cells, 
as previously described for EGFR (33) and for CXCR4 (32). 
As shown in Fig. 1, IHC was regarded as positive only when 
evident distinct cell membrane staining was noted. An average 
of 1,500 cells per section was evaluated using a semi‑quan-
titative grading system based on four scores (0, no staining; 
1+, staining in 1-10% of the scrutinized cells; 2+, staining in 
11-25% of the scrutinized cells; 3+, staining in >25% of the 
scrutinized cells). In order to avoid inclusion of scattered 
positivity of the same intensity found in the normal bronchial 
tissue, a cutoff value of 10% positive cells was used.

Cell line. The human NSCLC cell line A549 was obtained 
from the Shanghai Institute of Health Sciences (Shanghai, 
China), The A549 cell line was  cultured in RPMI-1640 media 
together with 1 mM L-glutamine, 25 mM HEPES buffer, 
100 ng/ml streptomycin, 100 U/ml penicillin and 10% FCS 
(RPMI complete media).

Antibodies and reagents. The anti-CXCR4 and anti-EGFR  
antibodies were purchased from Abcam (Hong Kong). 
Recombinant human EGF was obtained from Peprotech 
(USA). LY294002 (PI-3K inhibitor) was from Beyotime 
Institute of Biotechnology (Jiangsu, China) and AG1478 from 
Sigma (St. Louis, MO, USA).

Real-time PCR. Total RNA was isolated from A549 cells using 
TRIzol reagent (Invitrogen) according to the manufacturer's 
instructions. Cells were lysed in TRIzol reagent and then mixed 

with chloroform, to separate the RNA, DNA and protein. The 
lysates were then centrifuged. Total RNA was precipitated with 
isopropanol, and then the RNA pellet was washed with 75% 
ethanol and subsequently dissolved in water. RNA (1.5 µg) 
was reverse transcribed into cDNA using a Revert Aid cDNA 
synthesis kit, following the manufacturer's instructions. Finally, 
the cDNA was evaluated for changes in CXCR4 expression by 
real-time PCR using the Takara SYBR First Strand RT-PCR kit 
and MX3000P (Stratagene, La Jolla, CA, USA).

Western blotting. Using SDS-PAGE, immunoblotting was 
performed using 40 µg of total protein. The proteins were 
transferred to PVDF membranes by electrophoresis at 100 V 
for 1 h at room temperature and subsequently blocked in 
non-fat milk for 30  min. Following this, the membranes 
were incubated overnight at 4˚C with rabbit anti‑human 
CXCR4 (ab2074; 1:1500; Abcam, Cambridge, CA, USA) and 
the blots were washed in TTBS before incubation with the 
secondary antibodies (goat anti-rabbit IgG-HRP) at a dilution 
of 1:3000 for 40 min. After washing in TTBS, detection was 
carried out using enzyme linked chemiluminescence (ECL) 
detection reagents (Beyotime Institute of Biotechnology). To 
demonstrate equal loading of each lane, the membranes were 
then reprobed with a β-actin antibody (1:500; Santa Cruz 
Biotechnology, Inc., Santa Cruz, CA, USA).

Statistical analysis. The statistical analysis and data manage-
ment were conducted using SPSS for Windows (version 18; 
SPSS). The χ2 test was used to assess significant clinicopatho-
logical differences between patients with positive and negative 
EGFR and CXCR4 expression.

Figure 1.  Immunohistochemical staining for EGFR and CXCR4. (A) Strong cytomembranous EGFR staining in squamous cell carcinoma (SCC) (x400). 
(B) Cytomembranous EGFR staining in adenocarcinoma (ADC) (x400). (C) Cytoplasmic CXCR4 staining in SCC (x400). (D) Strong cytoplasmic CXCR4 
staining in ADC (x200).
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The duration of overall survival was calculated from the 
date of first diagnosis of the disease to the date of death or the 
last follow-up. Kaplan-Meier test was performed for survival 
analysis, and Cox proportional hazards models were used to 
evaluate the relationship between the tumor expression of 
CXCR4 and EGFR and the prognosis of NSCLC patients. 
Significant prognostic variables such as patient age, tumor 
stage and type of treatment were included in these models. Cox 
regression plots were constructed for CXCR4+ vs. CXCR4- and 
EGFR+ vs. EGFR-. The following additional comparisons were 
made: CXCR4+/EGFR+ vs. CXCR4-/EGFR-, CXCR4+/EGFR+ 
vs. others, CXCR4+/EGFR- vs. others, CXCR4-/EGFR+ vs. 
others, CXCR4-/EGFR- vs. others.

Results

The median age of the patients was 59 years (range 37-80), 
and the majority of the patients were male (70%) (M:F= 6:1).  
Of the 125 examined biopsies, distribution of the histolog-
ical types were 64 (51.2%) ADCs and 61 (48.8%) squamous 
cell carcinomas (SCCs). After diagnosis, 16 (12.8%) patients 
were treated with surgery alone, 27 patients (21.6%) were 
treated with surgery followed by radiochemotherapy, 
48 patients (38.4%) were treated with surgery followed 
by chemotherapy, 27 patients (21.6%) were treated with 
chemoradiotherapy and 7 patients (5.6%) were treated with 
chemotherapy. 

Table I. Correlation of EGFR and CXCR4 expression with clinicopathological features of the NSCLC cases.

	 EGFR	 CXCR4	 EGFR/CXCR4
	 ---------------------------------------------------	 ---------------------------------------------------	 ---------------------------------------------------------------
Variables	 N	 + (%)	 - (%)	 P-value	 + (%)	 - (%)	 P-value	 Both + (%)	 Others	 P-value

Total no.	 125	 39.2	 60.8		  49.6	 50.4		  26.4	 73.6
Gender
  Male	   87	 30.4	 39.2		  33.6	 36.0		  20.8	 48.8
  Female	   38	 8.8	 21.6	 0.163	 16.0	 14.4	 0.70	 5.6	 24.8	 0.196
Histologic subtype
  ADC	   64	 16.0	 35.2		  27.2	 24		  14.4	 36.8
  SCC	   61	 23.2	 25.6	 0.098	 22.4	 26.4	 0.419	 12.0	 36.8	 0.654
Metastasis
  Presence	   31	 12.8	 12.0		  20.8	 4.0		  12.0	 12.8
  Absence	   94	 26.4	 48.8	 0.137	 28.8	 46.4	 0.001	 14.4	 60.8	 0.002
Tumor stage
  I	   16	 3.2	 9.6		  2.4	 10.4		  1.6	 11.2
  II	   23	 4.8	 13.6		  5.6	 12.8		  1.6	 16.8
  III	   55	 16.8	 27.2		  20.8	 23.2		  11.2	 32.8
  IV	   31	 14.4	 10.4	 0.053	 20.8	 4.0	 0.001	 12.0	 12.8	 0.005

ADC, adenocarcinoma; SCC, squamous cell carcinoma.

Figure 2. Kaplan-Meier estimates for overall survival according to (A) CXCR4 and (B) EGFR expression.
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EGFR and CXCR4 protein expression in NSCLC samples. 
The positive frequency of EGFR and CXCR4 expression and 
co-expression of both receptors are shown in Table I. Using 
immunohistochemical techniques, EGFR expression was 
detected as a membranous and cytoplasmic staining pattern. 
Forty-nine (39.2%) cases showed high expression and 76 
(60.8%) cases showed low expression. CXCR4 expression was 
detected as a cytoplasmic and nuclear staining pattern. Out of 
the 125 cases, 62 (49.6%) showed high cytoplasmic expression 
while 63 (50.4%) showed low cytoplasmic expression. High 
nuclear expression was found in 19 cases (15.2%).

Dual EGFR/CXCR4 protein expression for the 125 cases 
of NSCLC included: CXCR4+/EGFR+ in 33 (26.4%) cases, 
CXCR4-/EGFR+ in 16 (12.8%) cases, CXCR4+/EGFR- in 
29 (23.2%) cases and CXCR4-/EGFR- in 47 (37.6%) cases.

Clinicopathological characteristics. Neither EGFR tumor 
expression nor CXCR4 tumor expression were associated 
with the gender of the patients or histological subtype. 
Overexpression of the CXCR4 protein was observed more 
frequently in patients with clinical metastasis than in patients 
without metastasis (P=0.001), and CXCR4 was noted more 
frequently in advanced stage than in early stage NSCLC 
(P=0.001). EGFR overexpression was also found to be more 
frequent in advanced stage than in a localized stage, although 

this difference was not statistically significant (P=0.053). 
Thirty-three patients (26.4%) showed concomitant overexpres-
sion of the EGFR and CXCR4 receptors. This group (CXCR4+/
EGFR+) was also significantly associated with metastatic and 
advanced stage disease (P=0.002, P=0.005, respectively).

Survival analysis. The median survival time for cases with 
CXCR4+ was 12.8 months and 21.1 months for patients with 
CXCR4-, while the median survival time for cases with 
nuclear staining of CXCR4 was 24 months and 16.4 months 
for patients with no nuclear staining of CXCR4. The median 
survival time for patients with EGFR+ was 15.8 months and 
16.2 months for patients with EGFR-. Patients with CXCR4+ 
tumors had statistically significant shorter overall survival 
when compared with patients with CXCR4- tumors (P=0.001) 
(Fig. 2). Moreover, patients with CXCR4+ tumors had a statisti-
cally significant higher cumulative incidence of cancer-related 
death than patients with CXCR4- tumors (HR=2.172), whereas 
there was no significant difference in overall survival between 
patients with positive or negative immunostaining for EGFR 
(Fig. 2).

The different association patterns for CXCR4 and EGFR 
protein expression were also compared. Patients were divided 
into 4 groups: group I with positive CXCR4 and positive EGFR 
(CXCR4+/EGFR+), group II with positive CXCR4 and negative 

Table II. Estimated risk of death associated with EGFR and CXCR4 positivity in NSCLC. 

Strata 	 Hazard ratio	 Confidence interval (95%)	 P-value

CXCR4 	 2.172	 1.229-3.839	 0.008
EGFR 	 1.334	 0.819-2.664	 0.248
CXCR4+/EGFR+ vs. others 	 2.415	 1.399-4.170	 0.01
CXCR4+/EGFR- vs. others 	 1.197	 0.680-2.107	 0.533
CXCR4-/EGFR+ vs. others 	 0.953	 0.295-1.718	 0.199
CXCR4-/EGFR- vs. others	 0.688	 0.394-1.200	 0.188
CXCR4+/EGFR+ vs. CXCR4-/EGFR-	 2.741	 1.330-5.741	 0.006

Adjusted for patient age at diagnosis, tumor stage and type of treatments.

Figure 3. (A) Kaplan-Meier estimates for overall survival according to EGFR+/CXCR4+ tumor expression. (B) Cox proportional hazards estimates for overall 
survival among patients with EGFR+/CXCR4+ vs. EGFR-/CXCR4- tumors.
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EGFR (CXCR4+/EGFR-), group III with negative CXCR4 and 
positive EGFR (CXCR4-/EGFR+) and group IV with negative 
CXCR4 and negative EGFR (CXCR4-/EGFR-).

The median survival times among these groups were: 
group I (CXCR4+/EGFR+), 11.6 months; group II (CXCR4+/
EGFR-), 14.86 months; group  III (CXCR4-/EGFR+), 19.8 
months and group IV (CXCR4-/EGFR-), 24.8 months. The 
estimated risk of death for these groups adjusted for patient 
age, tumor stage and type of treatments that patients received 
is shown in Table II.

The incidence of death was not different in patients with 
EGFR+ when compared with EGFR- (HR=1.33, P=0.248), 
but the addition of CXCR4 expression resulted in a statisti-
cally significant increase in the incidence of death in group I 
patients (CXCR4+/EGFR+) when compared with the other 
groups (HR=2.415, P=0.01). Furthermore, when we compared 
group  I patients (CXCR4+/EGFR+) with group IV patients 
(CXCR4-/EGFR-), the incidence of cancer‑related death was 
much higher (HR=2.741, P=0.006) (Fig. 3).

When we compared group  II (CXCR4+/EGFR-) or III 
(CXCR4-/EGFR+) with the other groups, no significant differ-

ence was found concerning the risk of death (HR=1.197, 
P=0.533 and HR=0.953, P=0.199, respectively). The risk of 
death was reduced in group  IV patients (CXCR4-/EGFR-) 
when compared with the other groups, yet this reduction was 
not statistically significant (HR=0.688, P=0.188).

Expression of CXCR4 and EGFR in a human NSCLC cell line. 
Total RNA was isolated from the A549 cell line, and reverse 
transcriptase PCR was performed to evaluate the expression of 
CXCR4 and EGFR. CXCR4 and EGFR mRNAs were highly 
expressed in the A549 cell line (Fig. 4A).

Expression of CXCR4 in A549 cells after stimulation by EGF. 
A549 cells (cultured in RPMI starved media for 24 h) were stimu-
lated with different concentrations of EGF for an additional 24 h, 
and CXCR4 expression levels were then evaluated by real-time 
PCR. When compared to the control, the expression of CXCR4 
mRNA was found to be concentration-dependent (Fig. 4B). To 
confirm that CXCR4 upregulation was secondary to EGF, A549 
cells were treated with AG1478 (a specific inhibitor of EGFR 
phosphorylation) (10 µM) for 24 h, and CXCR4 expression was 

Figure 4. (A) RT-PCR analysis of mRNA expression of EGFR and CXCR4 in A549 cells. (B) CXCR4 expression after treatment for 24 h with various concen-
trations of EGF (20, 40 and 60 ng/ml) by real-time PCR. (C) CXCR4 expression after treatment with AG1478 (10 µM) for 24 h as detected by western blotting. 
(D) CXCR4 expression after treatment with AG1478 (10 µM) for 24 h as detected by real-time PCR.

Figure 5. PI-3 kinase inhibitor (LY294002) blocks EGF‑induced upregulation of CXCR4. A) Western blot analysis of CXCR4 protein. (B) Real-time PCR 
analysis of CXCR4 mRNA. Untreated, without addition of LY294002 and EGF; EGF, addition of EGF only; EGF/LY, addition of LY294002 and EGF; LY, 
addition of LY294002 only.
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re-evaluated by real-time PCR and western blotting (Fig. 4C 
and D). Our results demonstrate that CXCR4 mRNA and protein 
levels were reduced after treatment with AG1478.

Role of the PI-3 kinase pathway in EGF‑induced upregula-
tion of CXCR4 expression in A549 cells. EGF was previously 
shown to enhance the expression of CXCR4 through the PI-3 
kinase pathway, therefore we hypothesized that EGF induces 
upregulation of CXCR4 through the PI-3 kinase pathway in 
NSCLC. Hence, to prove this hypothesis, serum‑starved 
A549 cells were treated with EGF in the presence or absence 
of LY294002 (a PI-3 kinase pathway inhibitor). Cells were 
cultured in serum-starved media for 24 h, pretreated or not 
for 2 h with LY294002, then stimulated with EGF (40 ng/ml) 
for 24 h. CXCR4 expression was assessed by real-time PCR 
and western blotting (Fig. 5). Our results showed that the 
EGF‑enhanced upregulation of CXCR4 was blocked by inhi-
bition of the PI-3 kinase pathway.

Discussion

Research has demonstrated that cross-talk between EGFR 
and CXCR4 is important in the proliferation and metastasis 
of ovarian and breast cancers  (7,27,28). Therefore, in this 
study, we investigated the correlation between EGFR and 
CXCR4 in a human NSCLC cell line and tumor specimens, 
and also analyzed the correlation between co-expression of 
both molecules (EGFR and CXCR4), as compared with the 
high expression of a single molecule alone using immunohis-
tochemical staining.

Previously, several studies have shown an association 
between the expression of the EGFR protein and patient 
survival in NSCLC (34). However, other studies have either 
demonstrated no significant association  (35,36), or an 
inverse relationship between the expression of EGFR protein 
and survival  (5). A meta-analysis reported by Meert et  al 
showed that an average of 51% of NSCLC cases exhibited 
overexpression of the EGFR protein in 14 studies based on 
immunohistochemical analysis (37). Twelve of the 16 studies 
(approximately three-fourths) did not find EGFR expression to 
be a prognostic indicator. Similarly, Nicholson et al (38) carried 
out another review and included studies that were published 
from 1985 to 2000. They demonstrated that 20% of the studies 
found an association between increased EGFR expression and 
a lower recurrence‑free survival in NSCLC, whereas, only 10% 
of the studies showed an association between the overexpres-
sion of the EGFR protein and overall survival.

In the present study, patients with EGFR+ had a higher esti-
mated risk of death than those patients with EGFR- (HR=1.33), 
but this trend did not reach statistical significance (P=0.248). 
These findings remain controversial as many studies did not 
adjust for significant prognostic factors such as tumor stage, 
patient age at diagnosis and type of treatment. In contrast, our 
study did address the relationship between EGFR expression 
and clinical variables. Furthermore, many studies suggest 
that the improvement in survival among patients with high 
expression of EGFR is associated with enhanced responsive-
ness to anti-EGFR‑targeting therapies (5) In contrast, all of the 
patients that were included in our study had not received any 
type of target therapy.

Previous studies have attempted to determine the clinical 
significance of CXCR4 expression in NSCLC. Spano et al, 
studying only stage I lesions, found a significant association 
between nuclear CXCR4 staining and prolonged survival 
of patients with NSCLC (32). Su et al showed a significant 
correlation between high cytoplasmic CXCR4 staining inten-
sity and metastasis (18). Recently, Wagner et al demonstrated 
an independent association between CXCR4 expression and 
survival depending on its subcellular location; nuclear staining 
was correlated with good prognosis, whereas cytomembranous 
staining was correlated with poor prognosis (19). Our results 
are consistent with previous studies. We found that patients 
with cytoplasmic overexpression of CXCR4 had a significant 
association with metastasis and had a significantly shorter 
overall survival and a high incidence of cancer‑related death. 
However, we found nuclear staining in only 15.2% of patients 
with early‑stage disease, and these patients had a comparatively 
long overall survival. This is quite reasonable since only 31% 
of the patients included in our study had stage I and II disease 
which is consistent with previous studies that demonstrated 
that strong nuclear CXCR4 staining is associated with a good 
prognosis in patients with early-stage NSCLC (32).

Furthermore, our study analyzed the clinicopathological 
and prognostic significance of co-expression of CXCR4 and 
EGFR in NSCLC. A positive correlation was found between 
co-expression of the two molecules and distant metastasis 
and advanced stage disease (P=0.005). Moreover, patients 
with co-expression of EGFR and CXCR4 significantly had 
shorter OS (11.6 months) when compared to the other groups: 
CXCR4+/EGFR-, CXCR4-/EGFR+ and CXCR4-/EGFR-. 
Additionally, patients with CXCR4+/EGFR+ had a higher risk 
of cancer‑related death (HR=2.415), whereas the risk of death 
for patients with only EGFR+ or CXCR4+ was lower (HR=1.33 
and 2.172, respectively). These results suggest that concomi-
tant overexpression of EGFR and CXCR4 is associated with 
poorer prognosis as compared with that of high expression of 
a single molecule.

To our knowledge, this is the first study to investigate the 
dual CXCR4/EGFR tumor status and determine its prognostic 
impact in NSCLC. These results suggest a possible impor-
tant relationship between CXCR4 and EGFR intracellular 
pathways that may stimulate different cell proliferation‑ and 
metastasis‑related pathways in NSCLC. Based on EGFR and 
CXCR4 expression in our study, patients with CXCR4-/EGFR- 
had the most favorable prognosis followed by CXCR4-/EGFR+ 

and CXCR4+/EGFR-. Patients with CXCR4+/EGFR+ were 
associated with a worse prognosis.

Noteworthy, similar results were found in previous studies 
regarding other tumor types. High expression of EGFR and 
CXCR4 was found to be associated with increased risk of 
death and recurrence in inflammatory breast cancer  (30). 
Another study demonstrated that combined high expression of 
cytoplasmic CXCR4 and VEGFR was significantly associated 
with lymphatic and distant metastasis in colorectal cancer (31). 
This suggests the existence of a shared mechanism of CXCR4 
and EGFR interaction in common epithelial malignancies. 
Similarly, CXCR4 was shown to be frequently expressed with 
EGFR in synovial sarcoma (39).

An interaction between EGFR and CXCR4 has been noted 
in many types of cancer. Regarding NSCLC, Phillips et al 
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emphasized that activation of EGFR by EGF increased 
CXCR4 expression in normoxia and hypoxia in NSCLC (40) 
In the present study, our results are consistent with this 
finding. We demonstrated that EGF upregulated CXCR4 
expression through the PI-3 kinase pathway. Furthermore, 
we showed that CXCR4 mRNA upregulation increased in 
a concentration-dependent manner. In addition, CXCR4 
expression was reduced when A549 cells were treated with 
an EGFR phosphorylation inhibitor (AG1478). These results 
further confirm the relationship between EGFR and CXCR4 
and explain the reason as to why higher tumor grades and 
a shorter overall survival rate are noted in patients with 
co-expression of CXCR4 and EGFR.

The mechanisms of EGF‑induced CXCR4 upregulation are 
not yet well understood, and may be explained by the fact that 
mechanisms involved in CXCR4 ubiquitination and sorting 
may share some common features with EGFR endocytosis and 
degradation processes, although they are structurally unrelated 
membrane receptors. Internalization of CXCR4 through early 
endosomes, and then sorting into late endosomes and lyso-
somes is one mechanism of CXCR4 degradation. Therefore, 
we suggest that EGFR may inhibit the process of CXCR4 
ubiquitination and subsequently abrogate sorting and prevent 
its degradation  (41). Taken together, regulation of CXCR4 
expression can be accomplished through different mecha-
nisms. When and where each mechanism should be used to 
regulate CXCR4 expression warrants further exploration.

In conclusion, according to our data, NSCLC tumor cells 
with concomitant expression of both CXCR4 and EGFR may 
represent a subpopulation that is able to achieve a more aggres-
sive clinical progression. Furthermore, CXCR4 and EGFR 
could be used as new biomarkers for indicating poor prognosis 
in NSCLC. However, due to the limited percentage of patients 
with co-expression of both CXCR4 and EGFR and the small 
sample size of our study, these results must be confirmed in 
large prospective studies with cautious interpretation. It will 
also be worthwhile to evaluate the efficacy of different treat-
ments targeting both CXCR4 and EGFR in comparison with 
tyrosine kinase inhibitor treatment in patients with concomi-
tant overexpression of CXCR4 and EGFR.
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