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Abstract
Purpose: Receptor 7 (CXCR7) has recently been characterized as a novel receptor for CXCL12/SDF-1
(stromal cell derived factor-1). Given the demonstrated importance of CXCL12/SDF-1 in angiogenesis and tumour
metastasis, we hypothesized that CXCR7 may also play a role in tumour pathogenesis. Located in the limited
space of the intracranial cavity, any brain tumours can be inherently serious and life-threatening. However, the
expression of CXCR7 in pituitary adenoma, neurilemmoma or hemangioblastoma remains to be elucidated.
Therefore, we aimed to determine the potential contribution of CXCR7 in the development of brain tumours.
Methods: In this study we examined and quantified the mRNA expression of CXCR7 in four different human
brain tumours - 27 patients with neurilemmoma (8 patients), pituitary adenoma (7 patients), hemangioblastoma
(6 patients), or meningioma (6 patients) undergoing surgical resection in the West China Hospital of Sichuan
University. There were 15 females and 12 males aged from 28 to 70 years old. Total RNA was isolated and mRNA
was measured by quantitative real-time RT-PCR. One-way analysis of variance (ANOVA) was performed using
SPSS 11.0 statistical software to compare the mRNA levels of CXCR7 among four groups. Results: We found
that CXCR7 mRNA was detected in all tumour samples. Quantitative results showed that the levels of CXCR7
mRNA in brain tissues from patients with neurilemmoma or meningioma were significantly higher than those
with pituitary adenoma or hemangioblastoma. Conclusions: The results suggest that the CXCR7 may play a
role in progression, metastasis and angiogenesis of brain tumours.
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Introduction
Brain neoplasms include constitutional brain
neoplasms and metastatic tumour. Neurilemmoma, also
known as Schwann cell tumours, is formed in peripheral
nerve by Schwann sheath. Pituitary adenoma originates
in the pituitary gland and accounts for 8%~15% of
intracranial tumour. Hemangioblastomas, originating in
the brain and spinal cord, are highly vascular differentiated
benign tumour. Angioreticuloma, also known as vasogenic
hemangioblastoma. Located in the limited space of the
intracranial cavity, brain tumours can be inherently serious
and life-threatening.
Chemokines are key factors in central nervous
system physiology and pathology, especially in tumour
development (Bajetto et al., 2001). Among various
chemokines, CXCL12/ Chemokine receptor 4 (CXCR4)
engagement plays an important and unique role in the
regulation of stem/progenitor-cell trafficking. High
levels of CXCL12 in the common destination organs of
metastasis, such as the lymph nodes, lungs, liver, and
bones, may attract CXCR4-positive metastatic cancer

cells (Shim et al., 2006). In the brain tumours, glioma
tumour stem-like cells promote tumour angiogenesis
and vasculogenesis via the CXCL12/CXCR4 pathway
(Terasaki et al., 2011). CXCL12/CXCR4 interaction
has recently been found to be present in lymphomas
of the primary central nervous system (Terasaki et al.,
2011). Besides, CXCL12/CXCR4 has a role in other
brain tumours, such as pituitary adenoma and mengioma
(Barbieri et al., 2006; do Carmo et al., 2010). CXCL12/
CXCR4 interaction was assumed to have potential roles
in brain tumour development through the activation of
ERK1/2 and the Ca2+-dependent, cytosolic tyrosine kinase
Pyk2 (Massa et al., 2006).
More recently, CXCR7 was shown to be the novel
receptor of CXCL12. The particular responsiveness
to CXCL12 via CXCR4 and/or CXCR7 depends on
expression of surface expression of its receptors, and the
binding affinity to receptor (Burns et al., 2006; Goldmann
et al., 2008). CXCR7 was more frequently expressed in a
series of embryonic cells, neoplastic transformed cells, and
cancer cells, but was not detected in many normal nontransformed counterparts (Miao et al., 2007; Schutyser et
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al., 2007). For instance, CXCR7 expression was detected
in MCF-7 breast cancer cells, A764 human glioma cells,
CT26 colon and KEP1 mammary carcinoma cells (Meijer
et al., 2008; Meincke et al., 2011). It was shown that
CXCL12 has approximately 10 times higher affinity to
CXCR7 than to CXCR4 (Hou et al., 2010). In transitional
cells and in embryos, CXCR7 becomes a more obvious
factor. For example, CXCR7 promotes tumor growth and
metastasis in breast cancer and other malignancies (Luker
et al., 2010) and CXCR7 is required in the trailing cells
of the primordium in zebrafish (Perlin et al., 2007). So it
appears that CXCL12/CXCR7 signalling pathway has an
important function in a variety of cell types, especially
embryonic cells, transitional cells, neoplastic transformed
cells, and cancer cells. High-flux tissue microarray
and quantitative analysis have shown that CXCR7 is
stained in weak positive in normal prostate epithelium
and intraepithelial neoplastic tissue, while it is strongly
positive in the metastasis of prostate cancer, suggesting
that the expression of CXCR7 has certain correlation with
the degree of malignancy (Wang et al., 2008). However
this conclusion is still under debate. Moreover, expression
of CXCR7 in breast cancer cells enhances the ability
of these cells to seed and proliferate in lung metastases
(Miao et al., 2007). This can be explained by activation of
serine/threonine protein kinase AKT signalling pathway.
The CXCR7-positive cell lines of prostate cancer,
mouse colon cancer, pancreatic cancer are proliferation
induced and apoptosis inhibited. Furthermore, CXCR7
increases expression levels of proangiopoietic factors,
such as interleukin-8 (IL-8) and vascular endothelial
growth factor (VEGF) (Wang et al., 2008). The IL-8
and VEGF are generated by blood vessels in solid
tumours and have a significant effect on vascularization.
Contrarily, downregulation of CXCR7 results in reduced
proliferation rate and increased apoptosis (Singh et al.,
2011). Importantly, cancer-associated fibroblasts, but
not normal fibroblasts, stimulate tumour progression
through CXCL12 secretion. And the effect of CXCL12
on proliferation of CT26 colon tumour cells is mediated
by CXCR7 (Meijer et al., 2008). Similar results were
reported in angiogenesis experiments in breast and lung
cancer cells (Miao et al., 2007; Goldmann et al., 2008).
Macrophage migration inhibitory factor (MIF), which is
secreted by rhabdomyosarcoma (RMS), is an autocrine/
paracrine factor that interacts with CXCR4 as well as
with CXCR7 to enhance the adhesiveness of RMS cells
(Tarnowski et al., 2010). EPCs may offer a possible
biomarker for efficient of treatment and prognosis (Morita
et al., 2011). Specifically, CXCR7 makes it easier for
EPC promoters to stay on the endothelium, to penetrate
the area of angiogenesis, and to enhance the stability of
the extracellular matrix. It is postulated that interaction
between CXCL12 and CXCR7 contributes to cancer cell
proliferation, invasion, and metastasis by recruiting EPCs
from the bone marrow (Wang et al., 2008; Dai et al., 2011).
It was reported that CXCR7 was expressed in meningioma,
growth hormone (GH)-producing adenomas, and prolactin
(PRL)-producing adenomas (Yoshida et al., 2009; Würth
et al., 2011). However, the expression of CXCR7 in
pituitary adenoma, neurilemmoma or hemangioblastoma
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remains to be elucidated. To further define the role of
CXCR7 in brain tumours, our present study examined
the mRNA expression of CXCR7 in four typical human
brain tumours, neurilemmoma, pituitary adenoma,
hemangioblastoma, and meningioma, via real-time
quantitative RT-PCR.

Materials and Methods
Tissue preparation
Brain tissue samples were obtained from 27 patients
(15 females and 12 males (49.0±20.0 years)) with
neurilemmoma (8 patients), pituitary adenoma (7 patients),
hemangioblastoma (6 patients) and meningioma (6
patients) undergoing surgical resection of the tumour in
the West China Hospital of Sichuan University. This study
was approved by the Ethics Committee of West China
Hospital of Sichuan University. All tumour samples used
for RNA extraction were taken within the tumour. Only
tissues with anatomic pathology features that allow a
matching diagnosis with the MRI and the pathology report
were used.
Design of primers to identify human CXCR7
We designed two pairs of primers for PCR
amplification according to the NCBI Genebank of
human (ACCESSION: NM_001047841). The primers
were synthesized by Shanghai SAGON. The primers
for human CXCR7 were as follows: forward primer
5’-CACTGCTACATCTTGAACCT -3’ and reverse primer
5’- GTTGATGGAGAAGATGAGGTGT -3’ (144 bp). The
primers for actin beta (ACTB) were as follows: forward
primer 5’- GAAGATCAAGATCATTGCTCCT -3’ and
reverse primer 5’- TACTCCTGCTTGCTGATCCA 3’
(111bp).
RNA isolation and reverse transcription
Total RNA from the tissues was isolated using
Trizol reagent (USA Invitrogen). The RNA was reverse
transcribed into cDNA using the Revert Aid™ First Strand
cDNA Synthesis Kit (MBI Fermentas Inc.) with addition
of random hexamer primers. A total of 5 μl of purified
RNA, 1 μl M-MLV reverse transcriptase (200 U), 1 μl
of random hexamer primer, 4 μl of 5× reaction buffer,
2 μl of 1× hexamer (Roche), 2 μl of dNTP mix (10 mM
each), and 6 μl of RNase-free water were used for cDNA
synthesis. The reverse transcriptase was inactivated at 70
°C for 10 min after incubation. The cDNAs were stored
at –20 °C until further analysis.
Real-time quantitative PCR
Real-time PCR was used to determine the gene
expression profiles of the CXCR7. The cDNAs were
amplified by real-time PCR using an FTC-2000 (Funglyn,
Canada). Each analysis was performed in a total volume
of 30 μl reaction mixture containing 2 μl cDNA sample,
2 μl gene-specific forward and reverse primers(10 μM
each), and 1 μl SYBR GreenI. Housekeeping gene ACTB
was included to normalize the data. Amplifications were
performed as follows, 45 cycles at 94ºC for 2 min, 94ºC
for 20 sec and 54ºC for 20 sec, with a final extension at
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Figure 1. The Standard Curve for the CXCR7 Set
Generated from Ct Values and Plotted Against the
Input Standard Genomic DNA Molecules. Using serial

dilutions of the standard cDNA, the standard curve ranged
from 105 to 108 copies was generated on the basis of the linear
relationship between the existing Ct and the logarithm of the
copy number

Figure 3. The Quantitative mRNA Expression of
CXCR7 in Neurilemmoma, Meningioma, Pituitary
Adenoma, and Hemangioblastoma by Real-time75.0
RT-PCR. The expression of CXCR7 in neurilemmoma
was normalized to the expression of CXCR7 in meningioma
(positive control), which was arbitrarily set to a value of 1. The
quantitative results showed that the levels of CXCR7 mRNA in50.0
brain tissues from patients with neurilemmoma or meningioma
were significantly higher than those with pituitary adenoma or
hemangioblastoma
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number of the housekeeping gene ACTB as follows:
ΔCt (sample) = (Ct sample) - (Ct ACTB). The mean
Ct of CXCR7 RNA from the blank was set to a relative
quantity (RQ) value of 1 using the ΔΔCt, calculated as
follows: ΔΔCt (sample) = ΔCt (sample) - ΔCt (blank),
and RQ = 2-ΔΔCt. The data is reported as means ± standard
errors (SE). The one-way analysis of variance (ANOVA)
was performed using SPSS 11.0 statistical software. P
values of less than 0.05 were considered to be statistically
significant.

Results
Figure 2. Ethidium Bromide Staining of PCR Products
of CXCR2 on a 2% Agarose Gel. Meningioma cDNA of
the encephaloma was used as a positive control for CXCR7 PCR
primers (lane 1). Total RNA preparation from neurolemmoma
(lane 2), pituitary adenoma (lane 3), and hemangioblastoma
(lane 4) after reverse transcription was subjected to 45 cycles
of PCR. Amplification of CXCR7 cDNA is a fragment of 144
bp, and amplification of ACTB cDNA is a fragment of 111 bp.
M indicates the marker. Blank (Negative control), in which we
added water, showed no any cDNA reaction

60ºC for 30 sec. The cycle threshold (Ct) number, defined
as the number of PCR amplification cycles required
to reach fluorescent intensity above the threshold, was
determined for each gene and each developmental time
point analyzed. Using serial dilutions of the test sample
cDNA, the standard curve was generated on the basis of
the linear relationship of existing Ct and the logarithm of
the copy number. The slope of the curve was shown to be
-3.30 and a strong linear relationship was demonstrated
(R2 = 1.00; Figure 1).
Analysis
Results were normalized internally using the Ct

We have demonstrated that the standard curve was
generated on the basis of the linear relationship between
the existing Ct and the logarithm of the CXCR7 copy
number (Figure 1). The mRNA of CXCR7 was detected in
all tumour samples examined in the current study (Figure
2 and 3). The quantitative results showed that the levels
of CXCR7 mRNA in brain tissues from patients with
meningioma and neurilemmoma were significantly higher
compared to those with adenoma and hemangioblastoma
(P < 0.05) (Figure 3). Blank (Negative control), in which
we did not add cDNA samples, showed no positive
reaction. It indicated that there was no contamination of
sample or reagent.

Discussion
In this study, real-time quantitative RT-PCR was
used to determine CXCR7 expression in neurilemmoma,
pituitary adenoma, and hemangioblastoma. Meningioma,
which was previously shown to express CXCR7, was used
as positive controls. PCR is a rapid and powerful technique
for in vitro amplification of DNA. Being specific and
sensitive, real-time quantitative RT-PCR has been used
widely to measure mRNA expression.
Previous findings suggest that CXCR7 is involved
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in tumour proliferation and apoptosis. With tumour
progression and metastasis appearance, CXCR7
expression may increase accordingly in certain tumours,
such as pancreatic adenocarcinoma (Gebauer et al.,
2011). Evidence has shown that CXCL12 binds to the
CXCR7 and/or CXCR4 in brain tumours (Tseng et al.,
2011). However this raises a concern about the potential
contribution of the CXCL12/CXCR7 pathway other than
CXCL12/CXCR4 pathway in all the processes that were
previously attributed to CXCL12/CXCR4 signalling in
brain tumours. In the present study, the expression of
CXCR7 in neurilemmoma was investigated in vivo. We
showed that CXCR7 was expressed in neurilemmoma,
which was not reported previously. However, contribution
of CXCL12/CXCR7 pathway to tumour development
remains largely unclear. According to previous findings,
CXCR7 is an active component of CXCL12 signalling
in Schwann cells (Calatozzolo et al., 2011). Cultured
cortical astrocytes and peripheral nerve schwann cells
exhibit comparable total and cell-surface expression
levels of CXCR7 (Odemis et al., 2010). In Schwann cells,
RNA interference-mediated depletion of CXCR7 silences
CXCL12 signalling (Odemis et al., 2010). Our findings
support the presumption that CXCL12/CXCR7 pathway
influences the Schwann cell proliferation or it even has
certain function in peripheral nerve, with or without
contribution of CXCR4.
In this study, pituitary adenoma appears to be CXCR7negative. The role of CXCL12/CXCR7 interaction
in modulating the hypothalamic-pituitary axis and its
possible involvement in the development of pituitary
adenomas were previously reported in AtT20 mouse
pituitary tumour cells (Dai et al., 2011). It was reported
that prominent expression of CXCR7 was observed in
GH-producing adenomas, PRL-producing adenomas, and
macroadenomas (Dai et al., 2011). However, our studies
showed the opposite results. One of the possibilities for
such discrepancy may be due to the fact that our tissue
samples, which are from multipled cell clones, contain
PRL -positive, PRL-weakly positive, thyroid stimulating
hormone (TSH)-positive, TSH-negative, GH-positive,
GH-negative, adrenocorticotropic hormone (ACTH)positive, and ACTH-negative components. Pituitary
adenomas produce the chemokine stromal CXCL12
and its receptor CXCR4. The CXCR4 antagonist
AMD3100 suppressest hypoxia-mediated growth
hormone production in GH3 rat pituitary adenoma cells
(Yoshida et al., 2010). It is speculated that CXCR7 is not
prominent in adrenocorticotrophic or TSH-producing
adenomas. In addition, pituitary adenoma lacks protein
matrix and reticuloprotein. It was recently suggested
that CXCL12 plays a critical role as a chemo-attractant
in cancer development possibly at the level of the tumor
niche (Begley et al., 2005). Low expression of CXCR7
in pituitary adenoma may be because CXCL12/CXCR7
mainly contributes to maintain stability in ground
substance, but not pituitary adenoma cell itself.
Hemangioblastoma is highly vascular differentiated
benign tumour. Originating in the perivascular mesenchymal
tissue, hemangioblastoma contains two components,
capillary network and intervascular reticuloendothelial
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cells. The mRNA expression levels of CXCR4 were found
significantly higher in hemangioblastomas compared
with the normal cerebellar tissues (Liang et al., 2007).
Previous study suggested that CXCR7 also plays a
significant role in blood vessel formation (Zheng et al.,
2010). In rat brain ischemia model, CXCR7 expression
was significantly increased (Schönemeier et al., 2008).
In situ hybridization demonstrated that CXCR7 mRNA
was confined to the vascular endothelium at the depths
of glial cell tumours, where CXCL12 was concentrated
(Odemis et al., 2012). Furthermore, CXCR7 plays an
important role in human cord blood derived EPCs in
response to CXCL12 by inducing EPCs adhesion to active
umbilical vein endothelial cells and trans-endothelial
migration (Burns et al., 2006; Morita et al., 2011; Tseng
et al., 2011). In the present study, CXCR7 mRNA was
detected in hemangioblastoma, but significantly lower
than that in brain tissues from patients with neurilemmoma
or meningioma, which was not found before. Out
results suggest that CXCR7 does not appear to play a
significant role in the formation of hemangioblastoma.
It can be inferred that CXCR7 promotes metastasis only
partially related to its role in angiogenesis. And CXCR7
significantly increase cellular adhesions (Raggo et al.,
2005; Burns et al., 2006; Miao et al., 2007). That is to say,
CXCR7 influence cancer metastasis through mechanisms
of cell adhesion. For instance, it has been shown that
high levels of CXCR7 in breast cancer facilitates the
ability of cancer cells pass through the hemato-encephalic
barrierleading to brain metastasis (Salmaggi et al.,
2009). Hemangioblastoma, as a benign neoplasm, does
not show strong tendency to perform metastasis. So,
CXCR7 was not highly expressed in hemangioblastoma.
Alternatively, we hypothesize that in hemangioblastoma,
the effects of CXCL12 are mainly CXCR4-mediated, as
increased expression of CXCR4 was detected in more
active hemangioblastomas and there are several small
molecules such as the third complement component (C3),
which positively modulates responsiveness of CXCR4
to CXCL12 (Reca et al., 2006; Wojakowski et al., 2006;
Begley et al., 2007; Liang et al., 2007).
In this study, we found that CXCR7 mRNA was
detected in all tumour samples, and the quantitative results
showed that the levels of CXCR7 mRNA in brain tissues
from patients with neurilemmoma or meningioma were
significantly higher than those with pituitary adenoma or
hemangioblastoma, which was not reported previously.
CXCR7 in brain tumours may induce neurilemmoma,
as CXCR7 is an active component in schwann cell
proliferation. CXCR7 may also co-work with CXCL12
in brain tumour angiogenesis by recruiting EPCs (Wang
et al., 2008). Or CXCL12/CXCR7 interaction results in
phosphorylation of AKT and affects on carcinogenesis
and the neovascularisation linked to tumour progression
(Proost et al., 2007; Kumar et al., 2012). In this way,
cancer cells are proliferation-induced and apoptosisinhibited, with increased IL-8 and VEGF produced. In
conclusion, the results suggest that CXCR7 may play a
role in progression, metastasis and angiogenesis of brain
tumours.
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