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Abstract: The chemokine CXCL12 and its receptors, CXCR4 and CXCR7, are important contributors to the pathogen-
esis of multiple types of tumors. CXCL12/CXCR4 was previously demonstrated to be upregulated in nasopharyngeal
carcinoma (NPC) tissues, but the status of CXCR7 in NPC remains unknown. Here, 62 nasopharyngeal carcinoma
specimens were obtained from patients who received rhinitis biopsy in our hospital in 2012 and 2013. Another
30 samples were collected from patients with nasopharyngitis who did not have NPC, to serve as a control group.
Expression of CXCR7 protein and mRNA in NPC and normal tissues was detected by immunohistochemistry and
quantitative real-time polymerase chain reaction, respectively. CXCR7 protein was detected in just 7.1% (2/30) of
normal nasopharyngeal samples, but 61.3% (38/62) of tumor tissues (P<0.05). The staining patterns (proportion
of stained cells/sample as well as staining intensity) were correlated with lymph node metastasis, TNM staging, and
disease severity (P<0.01). Thus, CXCR7 may promote disease progression in nasopharyngeal carcinoma, and may
be useful as a predictor of metastasis and prognosis.
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Introduction

Nasopharyngeal carcinoma (NPC) is a multiple
malignancy commonly found in China. NPC is
poorly differentiated and has rich lymphatic tis-
sues at the site of rhinitis. Indeed, lymph node
metastases have occurred in 70% of NPC pa-
tients at the time of diagnosis, and NPC inva-
sion and metastasis are significant contribu-
tors to its mortality [1].

The pathogenesis and metastasis of NPC are
linked to the expression and activity of chemo-
kines and their receptors. Chemokines regulate
cell trafficking through interaction with G-pro-
tein coupled receptors. The first-described che-
mokine, stromal-derived factor 1 (SDF-1/CXCL-
12), activates leukocytes, typically in response
to pro-inflammatory stimuli. CXCL12 binds with
multiple receptors, including CXCR4 and CXCR7
[2]. The CXCL12/CXCR7 pathway plays an im-
portant role in tumor development. In particu-
lar, CXCR7 contributes to the vascularization
and engineering of tumors [3, 4]. In fact, CXCR7
is highly expressed in breast, lung, prostate,

and malignant neuroglioma tumors, and is be-
lieved to promote tumor invasion and metasta-
sis [5, 6].

Some previous studies found that CXCR4 is
detected at high levels in NPC tissues; further,
it is correlated with poor prognosis [7, 8]. Th-
erefore, we speculated that CXCR7, as another
high-affinity receptor of CXCL12, may have an
effect similar to that of CXCR4 in NPC. Curren-
tly, no study has described the expression of
CXCRTY in this disease. Therefore, in the current
study, immunohistochemical staining was used
to detect CXCR7 in nasopharyngeal carcinoma
tissues, and investigate its staining patterns in
relation to clinicopathological characteristics
and disease prognosis.

Materials and methods
Participants
The study used nasopharyngeal carcinoma sp-

ecimens obtained from 62 patients who re-
ceived rhinitis biopsy in The First Affiliated
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Figure 1. Immunohistochemical detection of CXCR7 in nasopharyngeal tissue samples (x400). A. CXCR7 staining
(brown) in normal nasopharyngeal tissue; B. CXCR7 staining in nasopharyngeal carcinoma tissue.

Table 1. CXCR7 staining patterns in nasopha-
ryngeal carcinoma versus health nasopharyn-
geal tissues

Group Total CXCR7+-
NPC group (N) 62 3824
Control group (N) 30 228
X2 value 8.72

P value P<0.01

Hospital, Chengdu Medical College hospital in
Jan, 2012 and Dec, 2013. All cases were diag-
nosed and histopathologically confirmed as
NPC. None of the patients received chemother-
apy or radiotherapy, excluding patients with
tumors in other regions. The cases included 34
males and 28 females, ages 42-66 years (mean
age 51.2+7.6 years). A control group comprised
30 patients with nasopharyngeal inflammation
who received surgical treatment during the
same period in our hospital; these patients in-
cluded 16 males and 14 females, ages 42-64
years (mean age 52.4+5.9 years). The age and
gender were comparable between the two
groups, with no statistically significant differ-
ence (P>0.05). The study was approved by the
ethics committee of our hospital, and all pa-
tients provided written informed content to par-
ticipate in this research.

Immunohistochemistry

Standard immunohistochemical techniques
were used to detect CXCR7 in nasopharyngeal
tissue samples of all subjects. Nasopharyngeal
tissue samples were fixed in 4% formalin and
embedded in paraffin for serial sectioning. Ti-
ssue sections were stained then developed

21258

with DAB. CXCR7 staining was observed under
the microscope (OLYMPUS BX53). Sections
were evaluated for CXCR7 staining patterns by
the proportion of positively stained tumor cells
and the intensity of staining. For proportion of
stained cells in one field, O indicated no posi-
tive cells; 2 indicated 10-50% of cells were
positive; 3 indicated >50% of cells were posi-
tive. For intensity of staining, O indicated no col-
oring; 1 indicated slight coloring; 2 indicated
medium coloring; and 3 indicated intense color-
ing. A total score <3 was deemed as negative (-)
for CXCR7; a total >3 was considered as posi-
tive (+) for CXCR7. CXCR7 staining was assess-
ed for correlation with age, pathological stage,
myometrial invasion depth, and lymph node
metastasis.

Quantitative real-time polymerase chain reac-
tion (QRT-PCR)

Tissue specimens that had been stored in lig-
uid nitrogen were used for RNA extraction. To
each 50 mg tissue sample, 1 mL TrizoL reagent
(Invitrogen) homogenate was added to extract
total RNA according to manufacturer’s instruc-
tions. Total RNA was assessed for purity and
quantity with an ultraviolet spectrophotomet-
er and 1% agarose gel electrophoresis. Rever-
se transcription was performed in accordance
with instructions in the TaKaRa PrimeScript™
RT-PCR Kit (Code No. DRO14A, TaKaRa). The
system consisted of 4 uL MgCl, (25 mmolL/L), 2
uL reaction buffer (10x RT Butter), 2 yL dNTP
compound (10 mmolL/L), 0.5 uL RNA enzyme
inhibitor, 15 U AMV reverse transcriptase, 0.5
pg random primer, and 1 pg total RNA (pre-incu-
bation at 70°C for 10 minutes), and nucleic
acid-free water to a final volume of 20 pL.
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Figure 2. The dissolution curve resulting from gRT-PCR detection of CXCR7 mRNA in nasopharyngeal carcinoma

tissues.

Table 2. Association between the expression of
CXCR7 and clinical characteristics of patients
with nasopharyngeal carcinoma

CXCR7

2
expression X P

Characteristic
n value value
Age (years old) 0.976 >0.05
<50 13 9
>50 25 15
Gender 0.872 >0.05
Male 21 13
Female 17 11
Clinical stage 5.024 <0.05
1+ 10 15
H+1V 28 9
M stage 4173 <0.05
M, 11 7
M, 27 17
Lymph node metastasis 4.218 <0.05
Yes 10 12
No 28 12

Reaction conditions were as follows: room tem-
perature for 10 minutes; 42°C for 15 minutes;
95°C for 5 minutes; and at 4°C for 5 minutes.
The synthesized cDNA was stored at -20°C for
amplification. The gRT-PCR using cDNA as a
template was performed in a 20-uL reaction
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system on an ABI PRISM 7500 instrument.
Primer 5 was used to design primers, as fol-
lows: CXCR7 upstream, 5'-AAACAGGGCTCACC-
AAGCTCA-3’; CXCR7 downstream, 5-ATAGGGC-
CC ATCACCCTGTTC-3’; internal reference (U6)
upstream, 5-TGGCACCCAGCAC AATGAA-3’; in-
ternal reference (U6) downstream, 5-CTAAGT-
CATAGTCCGCCTA GAAGCA-3'. The anticipated
fragment length for CXCR7 was 154 bp; for the
reference gene was 186 bp. PCR amplification
was performed under the following conditions:
pre-degeneration at 95°C for 5 minutes; 40
cycles of 95°C for 15 seconds and 60°C for 60
seconds. A dissolution profile was prepared.
The corrected Ct value (22T method) was used
to compare the difference in CXCR7 mRNA ex-
pression between the experimental group and
the control group.

Statistical methods

SPSS17.0 statistical software was used for
analysis. x? test was to compare numerical da-
ta. P<0.05 was considered statistically signi-
ficant.

Results

CXCRY expression in cancerous and non-can-
cerous nasopharyngeal tissues

Immunohistochemical staining of nasopharyn-
geal tissues indicated that CXCR7 was detect-
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ed in fewer cells and with lower intensity in nor-
mal nasopharyngeal tissues compared to can-
cerous tissues (Figure 1). CXCR7 staining in na-
sopharyngeal carcinoma tissues was detec-
ted mainly in tumor cells, but was also noted in
vascular endothelial cells. Thirty-eight of 62
(61.3%) nasopharyngeal carcinoma patients
were positive for CXCR7 in tumor tissue cases
had positive CXCR7 expression; in contrast,
CXCR7 was detected in only 2/30 normal naso-
pharyngeal tissue samples (7.1%). These differ-
ences were statistically significant (x?=8.72,
P<0.01; Table 1).

Similarly, gRT-PCR using RNA extracted from
nasopharyngeal tissues samples detected sig-
nificantly higher relative expression of CXCR7
MRNA (2.14) in nasopharyngeal carcinoma co-
mpared to the adjacent normal tissues (0.487;
P=0.02). The CXCR7 gene dissolution curve is
shown in Figure 2.

Correlation between CXCR7 expression and
pathological characteristics of nasopharyngeal
carcinoma

CXCR7 staining pattern scores were used to
determine whether positive or negative staining
was associated with clinical and pathological
characteristics of NPC. Of the 62 NPC cases,
28 who were positive for CXCR7 staining were
in stages llI+IV, while 10 cases positive for
CXCR7 were in stages I+ll; the difference in
these distributions was statistically significant
(P<0.05). Similarly, there were statistically sig-
nificant differences in distribution of cases
positive for CXCR7 and the M stage as well as
presence of lymph node metastasis: 10 cases
with CXCR7 had metastasis, 28 cases did not
(P<0.05, Table 2).

Discussion

Prior work indicates that CXCR7 can promote
tumor angiogenesis and tumor cell prolifera-
tion, and lead to tumor invasion and directional
metastasis [5, 9-12]. Thus, its role in cancer
progression appears important. Indeed, CXCR7
is expressed at different levels in gastric can-
cer and breast cancer, and its expression is
related to metastasis to lymph nodes. Further,
it is widely distributed, existing in most types of
tumor cells [13, 14]. In this study, immunohisto-
chemical staining was able to detect CXCR7
protein nasopharyngeal carcinomatissues, indi-
cating that its expression occurs in yet another
type of tumor. Further, detection of CXCR7 was
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common in NPC, with more cells affected and
a stronger intensity than in normal nasophar-
yngeal tissue. Not surprisingly, gRT-PCR detec-
tion of CXCR7 mRNA levels revealed higher lev-
els in NPC than normal tissues, suggesting th-
at CXCR7 is upregulated in NPC. This increased
expression of CXCR7 was also correlated with
the degree of malignancy, consistent with the
previous study results that indicated CXCR7
expression in a variety of tumor cell surfaces
[14-17].

That CXCR7 expression was correlated with
NPC clinical staging, M staging, and lymph no-
de metastasis suggests that CXCR7 promotes
disease progression and metastasis. CXCR7, in
binding with CCL21 in surrounding tissues of
NPC, may induce a local Ca?" influx, thereby
causing morphological changes and rearrange-
ment of the actin cytoskeleton in tumor cells.
These changes can enhance the invasiveness
of the tumor cells, thereby enabling metastasis
and local infiltration of the tumors. Further,
CXCR7 can promote maturation of the lymphat-
ic system and hematopoietic function in the
body, and since tumor cell metastasis must be
supported with nutrients through new vessels,
CXCR7 may promote angiogenesis to support
metastasis [18].

In summary, CXCR7 appears to be upregulated
in nasopharyngeal carcinoma and correlated
with clinical staging and lymph node metasta-
sis. Thus, CXCR7 may be useful in the diagno-
sis/prognosis of NPC during clinical practice, as
well as offering a potential new treatment tar-
get for NPC. Further in vivo and in vitro studies
uncovering the specific mechanisms and sig-
naling pathways through which CXCR7 pro-
motes metastasis of nasopharyngeal carcino-
ma are required.
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