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Abstract
Nasopharyngeal carcinoma (NPC) is an epithelial cancer that metastasizes predictably to
cervical lymph nodes or distant organs. To assess whether the chemokine receptors of NPC
cells play important roles in metastasis and are associated with radiotherapy history, the
significance of various chemokine receptors (CCR1–10, CXCR1–6, XCR1, and CX3CR1)
in NPC cell lines (TW01, TW04, HONE1, BM1, and AS1) and 52 NPC tumour biopsies
from 48 patients with NPC was evaluated by mRNA and cytometric analyses, chemotaxis
and actin polymerization assays, and immunohistochemical staining. Quantitative real-time
reverse transcription-polymerase chain reaction revealed substantial expression of CCR7,
CCR9, CXCR4, and CXCR6 mRNA in all the NPC cell lines. Of these, however, only CCR7,
CXCR4, and CXCR6 were functional in NPC cells. Negative immunoreactivity for CCR7,
CXCR4, and CXCR6 was demonstrated in almost all nasopharyngeal (NP) specimens from
patients with primary NPC (n = 12) and in those with regional metastatic NPC (n = 15).
However, expression of two or three of these chemokine receptors was demonstrated in
NP specimens from patients with liver metastasis. Strong positivity was demonstrated for
all three of these chemokine receptors in almost all of the regional and distant metastasis
specimens. Significant differences in the expression of CCR7, CXCR4, and CXCR6 were
found between primary tumours and metastases (p < 0.001, p < 0.001, and p < 0.002,
respectively). This observation was further confirmed by laser capture microdissection of
freshly frozen tumours from primary (n = 5) and metastatic (n = 8) NPC sites (p = 0.04,
0.03, and 0.03 for CCR7, CXCR4, and CXCR6, respectively). Finally, significant differences
in CXCR4 expression were demonstrated between de novo and post-radiotherapy groups
(1/22 vs. 5/8; p < 0.003). It appears reasonable to conclude, therefore, that CCR7, CXCR4,
and CXCR6 are expressed and active in human NPC metastases, while CXCR4 expression
is associated with radiotherapy history.
Copyright  2006 Pathological Society of Great Britain and Ireland. Published by John
Wiley & Sons, Ltd.
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Introduction

Nasopharyngeal carcinoma (NPC) is an epithelial can-
cer. Unlike cancers of the oral cavity and oropharynx,
metastatic nodal disease in NPC frequently appears
in the posterior cervical triangle. Bilateral neck nodes
are affected by tumour in 53% of patients. Bone, liver,
and extra-regional nodes are the most common sites
of distant metastases [1].

Metastasis of cancer cells is a complex, highly
organized, non-random and organ-selective process.
It involves multiple steps, including dissemination
of metastasizing cells from the primary tumour,

invasion of the surrounding tissue, intravasation and
extravasation of the circulatory system, evasion of
the immune system, organ-specific targeting, initiation
of angiogenesis, and growth advantage at the target
organ [2,3]. The target organ for metastasis depends
on a variety of factors, such as growth advantage
[4,5], the presence of adhesion molecules [6], and
chemokine/chemokine receptor (CR) interaction [7]. It
is proposed that interplay among these factors might
vary across various cancer types.

A complex network of chemokines and their
receptors influences the development of primary
tumours and metastases [8–10]. Recent studies have
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clearly demonstrated the importance of CR expres-
sion in metastasis to specific organs (eg lymph nodes,
bone marrow, liver and lungs) by breast cancer
[11], melanoma [12], and gastric carcinoma cells
[13]. CCR6-expressing colon, thyroid, and ovarian
carcinoma cells are reportedly associated with hep-
atic metastasis [14]. It has been demonstrated that
CCR9 contributes to the localization of plasma cells
to the small intestine [15,16]. CXCR1 and CCR10-
expressing melanoma cells may also target endothelial
and dermal cells [17,18]. Evidence of an association
between specific chemokine(s)/CR(s) and NPC metas-
tasis is limited, except for two recent reports about
CXCR4 [19,20]. In this study, therefore, we screened
for expression of all known CRs in five NPC cell lines
(TW01, TW04, HONE1, BM1, AS1) using quantita-
tive real-time reverse transcription-polymerase chain
reaction (qRT-PCR), and then assessed the CR pat-
tern of the NPC cell lines and a variety of tumour
tissues samples from 48 patients with NPC using flow
cytometry analysis and immunohistochemical (IHC)
staining.

Materials and methods

Extraction of RNA from NPC cell lines and
RT-PCR

NPC cell lines TW01, TW04, and HONE1 were
derived from primary nasopharyngeal tumours from
Chinese patients with de novo NPC [21–23]. Another
two NPC cell lines were derived from metastasized
tumour cells in the bone marrow (BM1) and lymph
nodes (AS1) of Chinese patients with NPC [24].
These cell lines were a generous gift from Dr Ann-
Lii Cheng (Cancer Research Centre, NTUH, Taiwan).
Total RNAs were isolated from various cell lines
using RNAzol B Reagent (Tel-Test, Friendswood,
TX, USA) and then reverse transcribed to cDNA using
Moloney murine leukaemia virus reverse transcriptase
(Epicentre, NJ, USA) with oligo-dT and random hex-
amer under standard conditions. The primer sequences
and PCR conditions for RT-PCR of 18 kinds of CRs
were as reported by Nakayama et al [25].

Quantitative real-time RT-PCR (qRT-PCR)
Table 1 shows the primers for qRT-PCR of CXCR4,
CXCR6, CCR7, and CCR9, which were designed

using Primer Express software (Perkin Elmer Applied
Biosystems, Foster City, CA, USA). qRT-PCR was
carried out on an ABI Prism 7700 (Perkin Elmer
Applied Biosystems) using SYBR green as the detec-
tion dye; conditions were 50 ◦C for 2 min, 95 ◦C for
10 min, and up to 40 cycles of 95 ◦C for 15 s (denatu-
ration) and 60 ◦C for 1 min (annealing/extension). The
dissociation curve following the reaction confirmed
the specificity of this quantitative assay. The amount
of target gene mRNA relative to the internal control
gene, HPRT, was calculated using the �CT method as
follows:

Relative expression = 2−�CT; where �CT

= CT (target gene) − CT (HPRT).

Flow cytometry analysis

For surface CR detection, 2 × 105 NPC cells were
incubated at 2–8 ◦C for 40 min with non-specific
isotype-matched controls and 10–25 µg/ml of each
of the following murine monoclonal antibodies:
anti-human CXCR4 (clone 44 708.111); anti-human
CXCR6 (clone 56 811.111); and, anti-human CCR7
(clone 150 503) or anti-CCR9 (clone 112 509). All
of the above antibodies were purchased from R&D
Systems, Minneapolis, MN, USA. The mouse primary
antibodies were then detected by incubating them
at room temperature for 30 min with fluorescein
isothiocyanate (FITC)-conjugated goat (Fab′)2 anti-
mouse IgG (Serotec, UK). The cells were washed
twice with phosphate-buffered saline, resuspended,
and fixed in 1% (w/v) paraformaldehyde for analysis.
Ten thousand cells from each sample were evaluated
for fluorescence detection using FACScan (Becton
Dickinson, San Jose, CA, USA), and the data were
analysed with CellQuest software (Becton Dickinson).

For intracellular CR detection, permeabilized NPC
cells were prepared with 0.2% saponin reagent after
4% (w/v) paraformaldehyde fixation, and subjected
to the above procedure. These permeabilized cells
were maintained in staining buffer containing 0.2%
saponin to ensure complete membrane permeabiliza-
tion throughout.

Chemotaxis assay

Chemotaxis assay was performed in 24-well
cell-culture chambers using inserts with 8 µm pores

Table 1. Primer sequences for quantitative real-time RT-PCR analysis and amplicon sizes

Forward primer Reverse primer Amplicon (bp)
Genebank accession

number

CCR7 5′-TTCAGTGGCATGCTCCTACTTCT-3′ 5′-GCTGAGACAGCCTGGACGAT-3′ 71 AY587 876
CCR9 5′-CATTGACGCCTATGCCATGTT-3′ 5′-GGTGACCTGGAAGCAGATGTC-3′ 73 AJ132 337
CXCR4 5′-TGACCGCTTCTACCCCAATG-3′ 5′-AGGATAAGGCCAACCATGATGT-3′ 72 AF34 8491
CXCR6 5′-GCCATGACCAGCTTTCACTACA-3′ 5′-TTAAGGCAGGCCCTCAGGTA-3′ 68 NM 006 564
HPRT 5′-TGACACTGGCAAAACAATGCA-3′ 5′-GGTCCTTTTCACCAGCAAGCT-3′ 94 M31642

CCR7 = CC chemokine receptor 7; CCR9 = CC chemokine receptor 9; CXCR4 = CXC chemokine receptor 4; CXCR6 = CXC chemokine
receptor 6; HPRT = hypoxanthine phosphoribosyl transferase.
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(Cambridge, MA, USA, 6.5 mm diameter), the mem-
branes of which were pre-coated with 2.5-µg
fibronectin. The upper chamber was seeded with 2 ×
104 cells/well, and various chemokines were added
to the lower chamber. After incubation for 24 h, the
migrated cells attracted by chemokines were attached
beneath the membrane. After removing the cells in
the upper well with Q-tips, the migrated cells were
stained with Liu’s stain and quantified by counting five
random fields with a light microscope at low power
(×100). All experiments were performed in triplicate.
The migration index was calculated as follows:

Migration index = migrated cellschemoattract/

migrated cellsserum−free medium

Actin polymerization assay
Actin polymerization assay was performed according
to the standard protocol [26,27]. Briefly, cells were
incubated with 150 ng/ml CXCL16 and 100 ng/ml
CXCL12 or with 25 µg/ml fibronectin as positive
control. At the indicated time points, cells were fixed,
permeabilized, and stained in a solution containing
18% paraformaldehyde, 100 µg 1-α-lysophosphatidyl-
choline (Sigma-Aldrich, St Louis, MO, USA) and
FITC-labelled phalloidin (Molecular Probes, Eugene,
OR, USA). Actin polymerization was analysed by flow
cytometry, with the mean fluorescence ratio of the
sample before the addition of chemokine plotted for
all time points.

For confocal microscopy analysis, cells were pre-
seeded and incubated with 150 ng/ml CXCL16 or
assay buffer Dulbecco’s modified Eagle’s medium
for 30 s. Cells were then fixed, permeabilized, and
stained with FITC-labelled phalloidin and 100 nM

Hoechest (Sigma-Aldrich). Images were visualized
with a Leica TCS SP2 confocal spectral microscope
(Leica Microsystems GmbH, Heidelberg, Germany).

Patients
From 1993 to 1997, formalin-fixed, paraffin-embedded
NPC tissue samples from 48 patients with NPC
(Table 2) and freshly frozen tissue samples of NPC
tumours from 12 additional NPC patients were col-
lected at the National Taiwan University Hospital
(NTUH). This study was approved by the institu-
tional review board of NTUH. Written informed con-
sent was obtained from all patients. Pathologists con-
firmed the histopathological diagnosis for each spec-
imen. Histopathological classification in these cases
was performed according to the revised histological
classification for tumours of the upper respiratory tract
and ear by the World Health Organization (WHO) in
1991.

Expression study of chemokine receptors in NPC
tissues
All the formalin-fixed, paraffin-embedded tissue
samples of NPC tumours were sectioned at a thickness

of 6 µm and mounted on silane-coated slides (Dako,
Carpinteria, CA, USA). After antigen retrieval by heat-
ing in a microwave for 5 min with citrate buffer
(pH 6.0), these sections were reacted with anti-
human CXCR4, anti-human CXCR6, or anti-human
CCR7 (R&D Systems) using a standard indirect
avidin–biotin–peroxidase method. Breast cancer
tumour tissues expressing CRs were used as positive
controls. The specificity of immunostaining was also
confirmed by use of serial sections with non-immune
serum instead of the primary antibody as a nega-
tive control. The specimens were evaluated indepen-
dently without prior knowledge of the clinicopatho-
logical information. The results of IHC for each CR
were arbitrarily classified according to score, based
on the percentage of immunoreactive tumour cells: 0,
negative immunostaining; and, 1+, 2+, and 3+ for
<10%, 10–50%, and >50% positive immunostaining,
respectively.

Laser capture microdissection (LCM)

For quantitative analysis of mRNA of CRs in NPC,
freshly frozen primary and metastatic NPC tumour
samples were used. The frozen tumour tissues were
cut to a thickness of 8 µm. The sections were dehy-
drated and stained with haematoxylin, and then the
tumour cells were microdissected using the Autopix

system (Arcturus Engineering, Mountain View, CA,
USA), according to the manufacturer’s instructions.
The selected cells were transferred to the LCM transfer
film (CapSure TF-100S transfer film carrier, optical-
grade transparent plastic, 5 mm diameter; Arcturus
Engineering).

The dissected specimens were placed directly into
50 µl of cell lysis buffer consisting of 10 mmol/l Tris-
HCl (pH 7.4), 20 mmol/l EDTA, 0.5% sodium dodecyl
sulphate, and 20 µl/ml Proteinase K (Wako, Osaka,
Japan), and incubated at 45 ◦C for 30 min. Extraction
of total RNA, cDNA synthesis, and real-time PCR
were then performed using the above protocols.

Statistical analysis

The statistical significance of the individual findings
and their association indices were evaluated using the
χ2 test with Yates’ correction. Probability (p) values
less than 0.05 were considered significant.

Results

RT-PCR and qRT-PCR analysis reveals that NPC
cell lines express different amounts of CCR7, CCR9,
CXCR4, and CXCR6 mRNA

A panel of 18 known CRs (CCR1–10, CXCR1–6,
XCR1, and CX3CR1) was examined in five NPC

J Pathol 2006; 210: 363–373 DOI: 10.1002/path
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Figure 1. Quantitative real-time RT-PCR analysis of CCR7,
CCR9, CXCR4, and CXCR6 expression in NPC cell lines.
The cDNA samples were analysed for expression of CCR7,
CCR9, CXCR4, CXCR6 and hypoxanthine phosphoribosyl
transferase (HPRT) using real-time PCR. The expression
of CCR7, CCR9, CXCR4, CXCR6 was calculated relative
to the endogenous control housekeeping gene, HPRT,
using the �CT method (Relative expression = 2−�CT; where
�CT = CT (Target gene) − CT (HPRT)). Values were the mean of
two experiments in duplicate (n = 4); bars: ±SD

cell lines (TW01, TW04, HONE1, BM1 and AS1)
with semi-quantitative RT-PCR, which showed sub-
stantial amounts of CCR7, CCR9, CXCR4, and CXCR6
mRNA. Subsequent qRT-PCR revealed that all cell
lines demonstrated a similar trend for CR expression
of CCR9 > CXCR6 >CCR7 > CXCR4, except AS1
cells, which showed abundant CXCR4 (0.17 : 1 relative
to HPRT ) and little CCR7 (10−4:1 relative to HPRT )
expression (Figure 1).

Flow cytometry analysis, migration activity assay,
and actin polymerization assay reveal functional
CCR7, CXCR4, and CXCR6 in NPC cells

Flow cytometry analysis showed: (i) CXCR4 protein
was expressed only on the cell membrane of AS1
cells (in keeping with their high mRNA content); (ii)
the CXCR6 protein was expressed on the surface of
TW01, TW04, as well as BM1 cells; and (iii) the
CCR7 protein was expressed on the surface of TW04
and BM1 cells (Figure 2A). The NPC cells carrying
CRs on their membrane also contained the same CRs
abundantly in their cytoplasm (data not shown). In
contrast, CCR9 was only found in the cytosol but not
on the membrane, despite the high mRNA levels of
the latter in NPC cells (Figure 2B).

Further Transwell migration assay verified that
CCL21 and CXCL12 could attract migration of
NPC cells with surface CCR7 and CXCR4, respec-
tively, just like other carcinoma cells (data not
shown). In addition, CXCL16 attracted migration
of TW01 and TW04 cells (both CXCR6 posi-
tive) in a dose-dependent manner, but the same
results were not obtained with BM1 cells even if
they expressed substantial CXCR6 on the mem-
brane (Figure 3A): this may be explained by the

substantially higher spontaneous migration of BM1
cells, relative to TW01, TW04, and HONE 1 cells
(136.3 ± 5.3/LPF, 18.8 ± 1.3/LPF, 28.8 ± 3.9/LPF,
33.1 ± 0.9/LPF, respectively).

Further actin polymerization assay by flow cytome-
try and confocal microscopy revealed that 150 ng/ml
CXCL16 induced a transient 1.7-fold increase in intra-
cellular F-actin content in TW01 cells within 15 s
(Figure 3B), and showed distinct pseudopodia forma-
tion and intense F-actin staining near the periphery
of the TW01 cells treated with CXCL16 (Figure 3C),
suggesting that the morphological changes triggered
by the interaction between CXCR6 and CXCL16 are
prerequisites for TW01 cell mobility. Similar phe-
nomena were observed when TW04 was exposed to
CXCL16 (data not shown).

Significant differences in CXCR4, CXCR6, and
CCR7 expression between primary and metastatic
tissues; only CXCR4 expression is associated with
radiotherapy history

IHC staining of CCR7, CXCR4, and CXCR6 showed
that these CRs were detected in both cytoplasm and
membrane of metastatic tumour tissues, but not in pri-
mary NPC tumours (Figure 4). Table 2 summarizes
the treatment status for the patients with NPC at
the time of tumour specimen collection, the associ-
ated site, and CR expression. We found that nasopha-
ryngeal (NP) specimens from patients with primary
NPC (n = 12) all showed negative immunoreactivity
for CCR7, CXCR4 and CXCR6, except for one case
(patient 11), who had previously received chemother-
apy treatment. Negative immunoreactivity was also
demonstrated for all NP specimens from patients with
regional metastatic NPC (n = 15), except for those
from four individuals (patients 18, 20 26, 27). Het-
erogeneous expression of CXCR4, CCR7, and CXCR6
was demonstrated for NP specimens from liver metas-
tasis cases (patients 29 and 30). These results were
similar to those for the above-described primary NPC
cell lines, TW01, TW04, and HONE1. However, spec-
imens from regional and distant metastases (neck
mass, axilla and inguinal lymph node, lung, and liver)
were strongly positive for all three CRs (patients
32–48), except for those from two subjects (patients
42 and 48). Intriguingly, NP specimens from brain-
invasion cases (patients 28 and 31) were also CXCR4
and CCR7 positive to different extents. Three of these
individuals also had sequential evaluations (patients
9, 40, and 41), which revealed associations between
CR expression and the existence of metastasis as
well as its type (data not shown). Overall statisti-
cal analysis of the expression of these three CRs
in NPC cases with metastasis demonstrated signifi-
cant differences between tumours from primary and
metastatic sites (Table 3). Furthermore, significant dif-
ferences were demonstrated only for CXCR4 when
nasopharyngeal specimens from patients with or with-
out radiotherapy history were compared (5/8 vs. 1/22;
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Figure 2. Flow cytometry analysis of surface or intracellular expression of CCR7, CCR9, CXCR4, and CXCR6 by NPC cell
lines. (A) Flow cytometry analysis at the surface of CCR7, CXCR4, and CXCR6 by NPC cell lines. Cells were incubated
with various monoclonal antibodies directed against CCR7, CXCR4, and CXCR6 (bold lines) with an isotype-matched control
(dashed lines). (B) Surface and intracellular CR analysis by flow cytometry. Both permeabilized and non-permeabilized cells were
analysed for surface and intracellular CCR9 expression with monoclonal antibodies directed against CCR9 (bold lines) and with
an isotype-matched control (dashed lines). The x-axis represents fluorescence intensity and the y-axis represents cell count.
Representative results from three independent experiments are shown

p < 0.003), while no relationship was demonstrated
between CCR7 and CXCR6 and radiotherapy history
(Table 3).

To assess the expression of CR RNA in NPC
tumour tissues further, we evaluated 13 freshly frozen
NPC tumour samples from 12 additional patients with
NPC. Of these, paired NP and metastasis specimens
were studied from one patient, and only NP or
metastasis specimen from the other patients. LCM
coupled with qRT-PCR was used to compare the
relative mRNA amount in NP specimens (n = 5)
and metastases (n = 8) (as mean ± SD), respectively,

as follows: CCR7 to HPRT (internal control gene),
0.029 ± 0.051 and 0.437 ± 0.367 (p = 0.04); CXCR4
to HPRT, 0.209 ± 0.281, and 1.389 ± 0.824 (p =
0.03); CXCR6 to HPRT, 0.005 ± 0.008 and 0.191 ±
0.091 (p = 0.03). The differences between the NP
specimens and metastases were statistically significant
for all comparisons, with these results consistent with
the IHC findings. As to the only paired specimen, all
three CR mRNAs were present in substantial amounts
in the metastasis and in only low amounts in the NP
specimen.
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Figure 3. Functional assays for CXCR6 on NPC cells. (A) Chemotaxis of NPC cells across transwell membranes precoated
with fibronectin. CXCL16 was added to the lower chamber at the indicated concentrations. Chemotaxis across the membrane
was assessed after 24 h. The cells on the lower side of the membrane were stained and counted by microscopy from five
low-power fields. (B) Actin polymerization assay of F-actin polymerization in TW01 cells. TW01 cells were incubated with
150 ng/ml CXCL16, 100 ng/ml CXCL12 (also named SDF-1), or 25 µg/ml fibronectin as a positive control. At the indicated time
points, actin polymerization was analysed by flow cytometry, and the mean fluorescence ratio of those samples before adding
chemokine plotted for all time points. (C) Confocal microscopy analysis of F-actin polymerization in TW01 cells. TW01 cells were
stimulated with or without 150 ng/ml CXCL16 for 30 s. Images were acquired using a Leica TCS SP2 confocal spectral microscope
(Leica Microsystems)

Discussion

During the preparation of this paper, two reports inves-
tigating the relationship between CXCR4 and NPC
were considered. Wang et al found that high CXCR4
expression was associated with poor overall survival
[19], while Hu et al showed that expression of func-
tional CXCR4 is associated with the metastatic poten-
tial of human NPC cells [20]. In this study, a com-
prehensive in vitro and in vivo survey for CR expres-
sion revealed that, in addition to CXCR4, CCR7 and
CXCR6 were significant in NPC metastasis. Further,
only CXCR4 expression was associated with radio-
therapy history.

Our in vitro data show that NPC cells can express
CCR7, CXCR4, and CXCR6 both in the cytoplasm
and on cell membranes. It has been shown that:
CCL21, a ligand for CCR7, is highly expressed in
lymph nodes [11]; CXCL12, a ligand for CXCR4,
is moderately expressed in lymph node, lung, liver,
and bone marrow [11]; and CXCL16, a ligand for
CXCR6, is highly expressed in lung and liver [28,29]
and moderately expressed in lymph node [30]. There-
fore, the expression of CCR7, CXCR4, or CXCR6 in
NPC tumour cells may be responsible for the potential
of NPC to metastasize to lymph node, bone, liver, and
lung [1]. However CCR9 proteins remain in the cyto-
plasm and are not expressed on the cell membrane,
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Figure 4. Immunohistochemical staining of CCR7, CXCR6, and CXCR4 in NPC tumour tissues. Representative CR expressions
from primary nasopharygyneal sites of de novo NPC (patient 16) and from a neck mass of metastatic NPC (patient 37). Images
were acquired using a light microscope. T = tumour region; L = lymphocytes; F = fibroblasts

Table 3. Comparison of chemokine receptor expression in primary, metastatic, and post-radiotherapy tumours

CCR7†† CXCR4†† CXCR6††

Tumour type Positive Negative Positive Negative Positive Negative

NP tumour (n = 31)
From NPC patients with metastasis (n = 19) 3 16 6 13 6 13
From NPC patients without metastasis (n = 12) 0 12 0 12 1 11
p Value 0.410 0.089 0.286

NPC patients with metastasis (n = 36)
NP tumour (n = 19) 3 16 6 13 6 13
Metastases (n = 17) 16 1 17 0 15 2
p Value <0.001∗ <0.001∗ <0.002∗

NP tumour (n = 30)
From NPC patients without radiotherapy (n = 22) 1 21 1 21 3 19
From NPC patients after radiotherapy (n = 8) 2 6 5 3 3 5
p Value 0.335 <0.003∗ 0.353

∗ Significant difference between groups stated.
† Chemokine receptor expressions evaluated as stated in Table 1; negative-0; positive-1+–3+.

which may explain why NPC cells do not usually
metastasize to the intestine, which contains abun-
dant CCL25, a ligand of CCR9 [15,31]. Nude mouse
transplantation experiments with TW01 cell lines [21]
demonstrated that many small metastatic granules are
disseminated in the lung parenchyma, and a few in
the liver. These results are consistent with our finding
of only CXCR6 expression on the surface membrane
of TW01 cells. Further, CXCR6/CXCL16 signalling
has recently been associated with liver-specific hom-
ing [32–35] and lung-specific homing [36,37]. Here,
we also show that the CRs expressed on the NPC cell
membrane are functional, as shown by the biological
consequences, including chemotaxis and actin poly-
merization, induced by their cognate ligands. Accord-
ingly, the circulating NPC cells with functional CR
might arrive and proliferate at distant metastatic sites
where the respective ligands are expressed. Recently,
Scala’s group also reported a similar mechanism,
with CXCR4 being expressed and active in human
melanoma metastases [38].

Our in vivo data reveal, using IHC analysis of
tumour biopsy specimens from NPC patients with
metastasis, that there is heterogeneous expression of
CXCR4, CCR7, and CXCR6 in the primary tumour
specimens of patients with regional or distant metas-
tasis, and abundant expression of these CRs in the
metastatic NPC of analogues with regional or dis-
tant metastasis. CR expression was detected in both
cytoplasm and membrane in these metastases. Similar
features were reported in tumour biopsies from breast
cancer, colorectal cancer, melanoma, and squamous
cell carcinoma [38–41]. Two possibilities are sug-
gested for the differential expression of CR between
primary and metastatic NPC. One is that cancer cells
with CR expression in primary NP tumours may be
selected for distant metastasis, and the other is that
environmental factors may up-regulate CR expression
in metastasizing cells [42–44]. The latter possibility
has been supported by several studies using in vitro
cell systems, which revealed cytokine-mediated induc-
tion of CXCR4 expression [42,45].
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Another interesting finding from our IHC analysis
of NPC tissues is that CXCR4 expression was signif-
icantly associated with positive radiotherapy history.
Recently, several studies have proposed that cancer
cells undergo a hypoxia–reoxygenation process after
radiotherapy, which then leads to nuclear accumulation
of hypoxia-induced factor-1α (HIF-1α) [46,47], and
subsequently to the regulation of HIF-1α-responsive
genes such as CXCR4 and VEGF [48,49]. Staller
et al also provided convincing evidence that CXCR4
is an HIF-1α-regulated gene, whose expression can
be negatively regulated by the von Hippel–Lindau
protein [50]. Therefore, the HIF-1α–CXCR4 pathway
may regulate trafficking in and out of hypoxic tissue
microenvironments and trigger a homing mechanism
that enables the migrating cells to target specific organs
[51]. These findings are consistent with our finding of
high CXCR4 expression by NPC tumour cells in post-
radiotherapy patients. As CXCR4 is a prominent HIV-
1 receptor, several inhibitors for it have been recently
generated as potential therapies to block HIV-1 infec-
tion, and consequently, may theoretically block direct
interactions between CXCR4 and CXCL12. Hence,
our finding may be useful in the future development of
novel strategies for targeting hypoxic NPC tumours.
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