
Abstract. The CXCL12/CXCR4 pathway, which is involved
in biological phenomena such as inflammation, lymphoid
homing and regeneration, may play an important role in
tumor progression and distant metastasis, especially in organ-
selective metastasis. In addition, the CXCL12/CXCR4 path-
way has been reported to regulate tumor angiogenesis. In this
study, we examined the immunohistochemical expression
of CXCR4 and vascular endothelial growth factor (VEGF)
in  nasopharyngeal carcinoma. CXCR4 and VEGF mRNAs
were also assessed by real-time reverse transcription-poly-
merase chain reaction. Overexpression of CXCR4 and VEGF
was observed in 41 (53.9%) and 30 (39.5%) of 76 tumors,
respectively. There was a significant positive correlation
between immunohistochemical CXCR4 and VEGF expression
(p=0.0339). Additionally, immunohistochemical CXCR4
expression was associated with CXCR4 mRNA expression,
and immunohistochemical VEGF expression was associated
with VEGF mRNA expression (p=0.0040 and p=0.0476,
respectively). Furthermore, patients with VEGF-positive
tumors had a significantly worse prognosis than patients with
VEGF-negative primary tumors (p=0.0044). Our findings
suggest that the expression of CXCR4 and VEGF is
associated with metastatic progression, and that VEGF
expression is a valuable prognostic marker in naso-
pharyngeal carcinoma.

Introduction

Nasopharyngeal carcinoma (NPC) is an endemic disease with
a distinct racial and geographic distribution. High-incidence
areas of NPC are found in Southeast Asia and North Africa

and low-incidence areas are in the USA, Europe and Japan.
NPC is divided into two histological subtypes according
to the World Health Organization (WHO) classification
of 2005: i) keratinizing squamous cell carcinoma and non-
keratinizing carcinoma. Death from NPC is usually due to
distant metastasis, especially in patients with non-keratinizing
carcinoma; ii) distant metastases of NPC are more frequent
than those of other malignant tumors of the head and neck;
and iii) NPC shows a preference for the bone, lung and liver,
and its metastatic sites and distant metastasis correlate signi-
ficantly with poor survival. The elucidation of the metastatic
mechanism may lead to the development of successful
therapies for NPC.

Chemotaxis is an important mechanism involved in
biological phenomena such as inflammation, lymphoid
homing and regeneration. It has been demonstrated that
abnormal chemotaxis can participate in cancer metastasis.
Since Müller et al (4) first identified a chemotaxis-related
factor, finding that chemokines and chemokine receptors
play a critical role in determining the metastatic destination
of tumor cells, several studies have indicated that tumor cells
express chemokine receptors and may employ chemokine-
mediated mechanisms for organ specificity of metastasis
(5-7). Additionally, recent studies have shown that the
CXCL12/CXCR4 pathway may play an important role in
pulmonary and bone metastases (8,9). Angiogenesis is also
a key step in tumor invasiveness and metastasis. Vascular
endothelial growth factor (VEGF), a major angiogenetic
factor, is overexpressed in several types of cancer and is
known to participate in tumor metastasis. There is increasing
evidence that the CXCL12/CXCR4 pathway regulates
VEGF expression (10,11) and that VEGF regulates CXCR4
expression (12,13). Although several studies have demon-
strated CXCR4 expression in NPC (14-17), the mechanisms
that control NPC metastasis remain poorly understood. The
purpose of the present study was to evaluate CXCR4 and
VEGF expression in NPC.

Materials and methods

Patients. A total of 76 primary NPC biopsy specimens were
obtained prior to treatment from patients at the Department
of Otolaryngology of Kyushu University Hospital, the
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Department of Head and Neck Surgery of the National
Kyushu Cancer Center, and the Department of Otolaryngology
of the National Kyushu Medical Center between 1985 and
2007. The expressions of inducible nitric oxide synthase
(iNOS), 8-hydroxydeoxyguanosine (8-OHdG), latent
membrane protein 1 (LMP-1) and Epstein-Barr virus-
encoded small RNA (EBER) in 73 of these 76 patients have
been published previously (18). Materials from all cases were
fixed in a 10% formaldehyde solution and embedded in
paraffin. In addition, snap-frozen samples from 14 primary
tumors were obtained. The clinical stage and histological
tumor type were determined according to the International
Union Against Cancer (UICC) Classification of 1997 (fifth
edition) and the WHO Classification of 2005 (1),
respectively. T classification was divided into the low T (T1
or T2) and high T (T3 or T4) categories. N classification was
divided into the lymph node-negative (N0) and lymph node-
positive (N1, N2 or N3) categories. Stage grouping was
divided into the early stage (stage I or stage II) and the
advanced stage (stage III or stage IV) (19). Eleven samples of
nasopharyngeal tissues containing a non-malignant respiratory
epithelium and lymphocytes without pathological evidence of
cancer cells were retained as control samples.

Immunohistochemical examination and evaluation. Immuno-
histochemical staining was carried out using antibodies to
CXCR4 (12G5, monoclonal; BD PharMingen, San Diego,
CA, USA) and VEGF (A-20, polyclonal; Santa Cruz Bio-
technology, Santa Cruz, CA, USA). Sections (4-μm) thick
were deparaffinized and dehydrated with xylene and ethanol.
Antigen retrieval was performed by microwave heating in
10 mM sodium citrate buffer (pH 6.0) for 20 min for CXCR4,
and in 10 mM sodium citrate buffer with Tween (pH 6.0)
for 30 min for VEGF. Endogenous peroxidase activity
was blocked by 30 min of incubation with 0.3% hydrogen
peroxidase in absolute methanol. Background staining was
minimized by incubation with 1% normal rabbit serum for
CXCR4 and with 1% normal goat serum for VEGF for 10 min.
Sections were incubated with a primary antibody overnight
at 4˚C, followed by testing using a streptavidin-biotin-
peroxidase kit (Nichirei, Tokyo, Japan). Diaminobenzidine
tetrahydrochloride was used as the chromogen. Finally,
sections were counterstained with Mayer's hematoxylin.
In each experiment, negative control sections were treated
similarly with phosphate-buffered saline (PBS) instead of
the primary antibody. Tissues from breast carcinoma and
colon carcinoma were used as positive controls for CXCR4
and VEGF, respectively (4,20).

Two pathologists (Y.S. and M.T.) evaluated all specimens
and were blinded to clinical data and other immunohisto-
chemical results. As previously described (21), slides were
scored based on the strength of CXCR4 and VEGF expression:
0, negative; 1+, weak staining; 2+, moderate staining; and
3+ , strong staining. The distribution of positive cells was
also recorded in order to note the diffuse or focal nature of
the positive cells: sporadic (positive cells <10%), focal (≥11%
but <50%), and diffuse (positive cells ≥50%). Immunohisto-
chemical scores of 2+ or 3+ with a focal or diffuse distribution
were considered to be positive for CXCR4 and VEGF anti-
bodies.

RNA extraction and TaqMan real-time reverse transcription-
polymerase chain reaction (RT-PCR). Total RNA was
extracted with 1 ml of TRIzol reagent (Invitrogen, Carlsbad,
CA, USA) from 14 snap-frozen tumor samples and the
human breast cancer cell line MCF7, which was used as an
external control, following the manufacturer's instructions.
RNA (5 μg) (from each sample was used for the subsequent
reverse transcription. After the reaction, RNase treatment
was performed to eliminate RNA.

Semi-quantitative PCR for CXCR4 and VEGF was per-
formed and the results were analyzed using pre-developed
TaqMan assay reagents (CXCR4, TaqMan Assay ID:
Hs00237052_m1; VEGF, ID: Hs00173626_m1; glycer-
aldehydes-3-phosphate dehydrogenase (GAPDH), ID:
Hs99999905_m1), and an ABI PRISM 7700 Sequence
Detection System (Applied Biosystems, Foster City, CA,
USA). The PCR reaction was carried out according to the
manufacturer's protocol. According to the manufacturer,
the pre-developed TaqMan assay reagents had equivalent
PCR efficiency. The obtained data were thus normalized to
an endogenous reference, GAPDH, using the comparative
threshold cycle (CT) method according to the manufacturer's
protocol.

Follow-up and statistical analysis. Fisher's exact test was
used to evaluate the association between two dichotomous
variables. Comparisons between two dichotomous variables
with respect to CXCR4 or VEGF mRNA were performed
using the Mann-Whitney U test. To determine the prognostic
factor, we examined the outcomes of our 76 patients by
reviewing their medical charts. The median follow-up term
was 28.9 months (range, 1-128 months). Fifty-one patients
had a follow-up period at least 2 years after treatment.
We analyzed the overall survival of patients with at least a
2-year follow-up with respect to the immunohistochemical
expression of CXCR4 and VEGF. The overall survival rate
was estimated by the Kaplan-Meier method and compared
by log-rank test. A p-value <0.05 was considered significant.

Results

Clinicopathological parameters. Our subjects consisted
of 53 males and 23 females, ranging in age from 19 to 85
years (mean, 56.6 years). With respect to therapy, 2 patients
underwent resection of the primary tumor and 15 patients
underwent neck dissection. All patients underwent either
radiotherapy (n=73) or chemotherapy (n=68), or both (n=67).
The types of anticancer drugs varied by institution, but com-
binations of carboplatin, cisplatin, peplomycin, bleomycin,
and 5-fluorouracil were used. According to the UICC classi-
fication, 34 patients were assigned to the low T category (T1,
17 cases; T2, 17 cases) and 42 to the high T category (T3, 16
cases; T4, 26 cases). Thirteen patients were classified as
lymph node-negative and 63 as lymph node-positive (N1, 16
cases; N2, 34 cases; N3, 13 cases). Additionally, 13 patients
were assigned to the early stage category (stage I, 3 cases;
stage II, 10 cases) and 63 to the advanced stage category
(stage III, 23 cases; stage IV, 40 cases). Four patients (5.3%)
had distant metastases, one in the lung, one in the bone, one
in the lung and bone, and one in the liver and bone. A review
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of hematoxylin and eosin sections revealed 11 keratinizing
squamous cell carcinomas (Fig. 1A) and 65 non-keratinizing
carcinomas (Fig. 1B).

Immunohistochemical analyses of CXCR4 and VEGF. Forty-
one (53.9%) of 76 tumors showed cytoplasmic and nuclear
staining for CXCR4 (Fig. 1C); the remaining 35 (46.1%) were
negative. No significant association was detected between
CXCR4 expression and clinicopathological features (Table I).
With respect to VEGF expression, the staining was predo-
minantly confined to the cytoplasm (Fig. 1D). Thirty (39.5%)
of 76 tumors were positive for VEGF. No significant asso-
ciation was detected between VEGF expression and other
clinicopathological features (Table II). VEGF expression
was found to be significantly related to CXCR4 expression
(p=0.0339, Table II). With respect to the 4 tumors with distant
metastases, 3 with bone metastases exhibited both CXCR4
and VEGF expression, and the one with pulmonary metastasis
showed no expression of either CXCR4 or VEGF. Further-
more, no CXCR4 or VEGF expression was observed in 11
samples of non-neoplastic nasopharyngeal epithelium.

Semi-quantitative assay for CXCR4 and VEGF mRNA by
TaqMan PCR. CXCR4 and VEGF mRNA levels were
evaluated in tumors from 14 patients. The median (25%,
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Figure 1. (A) Histological appearance of keratinizing squamous cell carci-
noma composed of sheets of atypical squamous cells with keratinization. (B)
Histological appearance of non-keratinizing carcinoma composed of oval
carcinoma cells mingled with lymphocytes. (C) NPC revealing cytoplasmic
and nuclear staining for CXCR4. (D) NPC revealing cytoplasmic staining
for VEGF.

Table I. Immunohistochemical expression of CXCR4 and
VEGF according to clinicopathological features.
–––––––––––––––––––––––––––––––––––––––––––––––––

CXCR4 VEGF
–––––– –––––

no. - + p-value - + p-value
–––––––––––––––––––––––––––––––––––––––––––––––––
Age
<50 20 8 12 NS 12 8 NS
≥50 56 27 29 NS 34 22 NS

Gender
Male 53 24 29 NS 32 21 NS
Female 23 11 12 NS 14 9 NS

T classification
T1, T2 34 19 15 NS 22 12 NS
T3, T4 42 16 26 NS 24 18 NS

N classification
N0 13 7 6 NS 10 3 NS
N1, N2, N3 63 28 35 NS 36 27 NS

UICC stage
I, II 13 9 4 NS 10 3 NS
III, IV 63 26 37 NS 36 27 NS

Histologic type
Keratinizing SCC 11 7 4 NS 6 5 NS
Non-keratinizing 65 28 37 NS 40 25 NS
carcinoma

–––––––––––––––––––––––––––––––––––––––––––––––––
UICC, International Union Against Cancer; SCC, squamous cell
carcinoma; NS, not significant.
––––––––––––––––––––––––––––––––––––––––––––––––––––––
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75%) CXCR4 mRNA level of NPC was found to be 4.710
(2.278, 8.570) and the relationship between CXCR4 mRNA
level and immunohistochemical CXCR4 expression was
analyzed. The median (25%, 75%) of the CXCR4 mRNA level

of CXCR4-negative tumors was 2.278 (1.818, 2.546) and
that of CXCR4-positive tumors was 8.570 (6.059, 11.175).
The CXCR4 mRNA level was found to be significantly
correlated with CXCR4 immunohistochemical expression
(p=0.0040, Fig. 2A). With respect to VEGF mRNA level, the
median (25%, 75%) was found to be 4.028 (2.778, 6.774),
with a median (25%, 75%) of VEGF-negative tumors of
2.778 (1.476, 3.916) and a median of VEGF-positive tumors
of 5.987 (4.316, 7.071). The VEGF mRNA level was found
to be significantly correlated with VEGF immunohisto-
chemical expression (p=0.0476, Fig. 2B).

Survival analysis. Patients with VEGF-positive tumors had a
significantly shorter survival time than those with VEGF-
negative tumors (p=0.0044, Fig. 3A). CXCR4 expression
also seemed to be associated with poor survival, but this
association did not reach statistical significance (p=0.2947,
Fig. 3B).
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Table II. Correlation between CXCR4 and VEGF immuno-
histochemical expression.
–––––––––––––––––––––––––––––––––––––––––––––––––

VEGF
––––––––––––

no. - + p-value
–––––––––––––––––––––––––––––––––––––––––––––––––
CXCR4

- 35 26 9 0.0339a

+ 41 20 21 0.0339a

–––––––––––––––––––––––––––––––––––––––––––––––––
aStatistically significant.
––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 2. (A) Relationship between CXCR4 mRNA expression and CXCR4 immunohistochemical expression status in 14 cases. The boxes indicate the 75th
and 25th percentiles, the horizontal line indicates the median, and the bars indicate the 10th and 90th percentiles. CXCR4 immunohistochemical expression
status was significantly correlated with CXCR4 mRNA expression (p=0.0040, Mann-Whitney U test). (B) Relationship between VEGF mRNA expression
and VEGF immunohistochemical expression status in 14 cases. VEGF immunohistochemical expression status was significantly correlated with VEGF
mRNA expression (p=0.0476, Mann-Whitney U test).

Figure 3. Kaplan-Meier analyses for overall survival. (A) The survival rate of patients with VEGF-positive tumors was significantly worse than that of
patients with VEGF-negative tumors (p=0.0044). (B) Patients with CXCR4-positive tumors showed a somewhat adverse prognosis compared with those
with CXCR4-negative tumors, however, the present results were not -statistically significant (p=0.2947).

A B

A B
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Discussion

In the present study, we compared CXCR4 expression with
VEGF expression in NPC, finding that CXCR4 expression
was significantly correlated with VEGF expression in clinical
samples of NPC. Several studies have revealed a relation-
ship between the CXCL12/CXCR4 pathway and VEGF in
carcinoma. In breast cancer, Bachelder et al (12) demon-
strated that VEGF regulates CXCR4 expression in vitro,
and Liang et al (11) showed that CXCR4 upregulates the
phosphorylation of Akt and increases VEGF expression at
both the mRNA and protein levels. In addition, CXCL12 has
been shown to induce VEGF secretion in prostate (22),
ovarian (13) and colorectal cancer (23). To the best of our
knowledge, the present study is the first investigation
revealing a close relationship between CXCR4 and VEGF
expression in NPC.

CXCR4 plays an important role in promoting organ-
selective metastasis. Murakami et al (24) demonstrated that
CXCR4 expression in B16/F1 melanoma cells increases
pulmonary metastasis (>10-fold) without affecting metastasis
to several other sites, including the lymph nodes, liver and
kidney. Kang et al (9) showed that CXCR4 was over-
expressed by subpopulations from a human breast cancer
cell line, MDA-MB-231, with enhanced metastatic abilities
to bone. These studies indicate that the CXCL12/CXCR4
pathway may play an important role in pulmonary and bone
metastases. In the present study, 3 of 4 tumors, that developed
bone metastasis stained positive for CXCR4. Further studies
analyzing larger numbers of patients with NPC are necessary
to elucidate organ-selective metastasis in this disease.

Distant metastases are found in about 5-7% of NPC
patients at diagnosis. However, within the first 3 years
following treatment, the overall incidence of metastases is
approximately 25-30% (2). Prevention and treatment for
distant metastasis is therefore an essential part of therapy
for NPC. As noted above, the CXCL12/CXCR4 pathway
may play an important role in the spread, progression and
metastasis of many different types of tumors (4,10,13,21)
including NPC (14-17). CXCR4 antagonists may inhibit
tumor progression and metastasis and are being evaluated in
preclinical studies on the treatment of neoplastic tumors.
Smith et al (25) found that inhibiting CXCR4 with specific
antagonist AMD3100 delayed the growth of a highly
metastatic mammary cell line, 4T1 cells, in the lung while
Tamamura et al (26) showed that T140 analogs, which are
CXCR4 antagonists, inhibited the stromal cell-derived factor
(SDF)-1-induced migration of human MDA-MB-231 breast
cancer cells. In addition, Hu et al (14) demonstrated that
antisense CXCR4 inhibits the incidence of lung and lymph
node metastasis of the NPC cell line in nude mice. These
studies support the clinical use of CXCR4 antagonists in
future NPC therapies.

VEGF plays a critical role in tumor growth and neo-
vascularization. It has been demonstrated that increased
VEGF expression is associated with tumor growth and
metastasis, while inhibition of VEGF expression results in
the suppression of tumor growth and tumor-induced
angiogenesis (27). In NPC, VEGF has been reported to be
up-regulated by the Epstein-Barr virus oncoprotein, LMP-1,

(28) and VEGF expression is known to have a significant
association with angiogenesis measured in terms of micro-
vessel density, lymph node metastases, recurrence and distant
metastases (29,30). In addition, several reports have shown
that VEGF expression is a valuable prognostic marker for
prognosis prediction in NPC, especially in advanced NPC
(31,32). In the present study, we also found that VEGF
expression in NPC specimens was significantly related to
shorter survival time. These previously reported observations
together with the present results support the potential use
of VEGF expression as a predictive marker of recurrence
and metastasis in NPC.

In conclusion, the present study revealed the close
relationship between CXCR4 and VEGF expression in NPC.
Although CXCR4 expression was not a statistically signi-
ficant prognostic factor in the current study, patients with
CXCR4 expression seemed to have a poor prognosis. There-
fore, CXCR4 may play an important role in promoting organ-
selective metastasis. VEGF expression, on the other hand,
was found to be a valuable prognostic factor in NPC. There
is also the possibility that CXCR4 and VEGF antagonists
may prevent tumor progression and distant metastases in
NPC.
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