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Chemokine CC-motif receptor-like 2 (CCRL2) is a 7-transmembrane G protein-coupled receptor which
plays a key role in lung dendritic cell trafficking to peripheral lymph nodes. The function and expression
of CCRL2 in cancer is not understood at present. Here we report that CCRL2 expression level is elevated in
human glioma patient samples and cell lines. The magnitude of increase is positively associated with
increasing tumor grade, with the highest level observed in grade IV glioblastoma. By gain-of-function
and loss-of-function studies, we further showed that CCRL2 did not regulate the growth of human gliob-
latoma U87 and U373 cells. Importantly, we demonstrated that over-expression of CCRL2 significantly
enhanced the migration rate and invasiveness of the glioblastoma cells. Taken together, these results sug-
gest for the first time that elevated CCRL2 in glioma promotes cell migration and invasion. The potential
roles of CCRL2 as a novel therapeutic target and biomarker warrant further investigations.

� 2012 Elsevier Inc. All rights reserved.
1. Introduction

Chemokine receptors are cell-surface receptors belonging to a
superfamily of rhodopsin-like G-protein coupled 7-transmem-
brane receptors (GPCRs) [1]. Chemokine receptors together with
their interacting small secreted chemotactic chemokines consti-
tute the chemokine systems [2]. Chemokine systems control nearly
all classes of leukocytes trafficking in the immune system [1], and
many types of mammalian cells including neurons and endothelial
cells express the chemokines and chemokine receptors [3]. So far,
50 chemokines and 18 chemokine receptors have been discovered
in various human cells [4]. Recently, large scale clinical studies
have demonstrated that chemokines and their receptors are often
up-regulated in a wide variety of human cancers [5,6] and the
expression levels of several chemokine receptors are often posi-
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tively associated with tumor progression [7–9]. It has been demon-
strated that overexpression of chemokine receptors CXCR4 or CCR7
alone is sufficient to promote the metastatic ability of melanoma
cancer cells [10–12], and knock-down of CXCR4 effectively inhibits
the metastasis of breast cancer cells [13,14]. These studies further
suggest the important roles of chemokine systems in cancer
development.

Glioblastoma multiforme (GBM, WHO grade IV), the most se-
vere form of glioma (tumor of the central nervous system), is lo-
cally very invasive. With no effective treatment, it is the primary
cause of glioma-related death [15]. The median survival of patients
with GBM is 12–15 months, and only 2% survived beyond 3 years
[16]. CXCR4 is the only chemokine receptor which has been dem-
onstrated to play important roles in modulating immune response
and regulating cell growth, migration, and angiogenesis in the
malignant progression of GBM [17–21]. These observations raised
the possibility that other chemokines and chemokine receptors
may also play pivotal roles in GBM.

Chemokine CC-motif receptor-like 2 (CCRL2) is first cloned from
a polymorphonuclear neutrophils (PMN) cDNA library, and has
been found in almost all hemopoietic cells [22,23]. CCRL2 is located
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on chromosome 3p21 in close proximity to chemokine receptors
CCR5, CCR2, CX3CR1, CCR3 and CCR8 [24,25]. Hydrophobicity
and homology analysis of CCRL2 amino acid sequence indicated
that CCRL2 codes for a putative GPCR [22], and it has been reported
that CCRL2 is activated by chemokines CCL2, CCL5, CCL7, and CCL8
[26–28]. A recent knockout mice study further indicated that
CCRL2 plays a non-redundant role in lung dendritic cell trafficking
to peripheral lymph nodes [29]. To date, the role of CCRL2 in hu-
man cancers is unknown. In this study, we demonstrated for the
first time that CCRL2 expression level is significantly elevated in
both low grade and high grade human glioma patients and cell
lines. We further demonstrated that overexpression of CCRL2 sig-
nificantly enhanced GBM cell migration and invasion. These results
provide new insights into the novel roles of CCRL2 in glioma carci-
nogenesis, and suggest CCRL2 as a potential therapeutic target and
biomarker for GBM.
2. Materials and methods

2.1. Quantitation of CCRL2 mRNA levels in human glioma patient
tissues and cell lines

Total RNA was isolated from glioma cell lines and frozen glioma
patient tissues (from the Department of Surgery, Prince of Wales
Hospital, The Chinese University of Hong Kong) using TRizol Re-
agent (Invitrogen Corp). Aliquots (2 lg) of total RNA were reverse
transcribed to cDNA using SuperScript™ II Reverse Transcriptase
(Invitrogen Corp). The expression level of CCRL2 was determined
by real time RT-PCR using the Brilliant� II SYBR Green qPCR master
mix (Stratagene Corp) by Applied Biosystems 7500 real time PCR
system (Applied Biosystems Corp). Housekeeping gene GAPDH
was used as an internal control. The following primers were used:
CCRL2 specific primers (forward, 50-ACA AGT ATG ACG CCC AGG
CAC T-30, reverse, 50-CCA GGA TAA GCA CAA CCA GGA GA-30) and
GAPDH specific primers (forward, 50-GAA TCT ACT GGC GTC TTC
ACC-30, reverse, 50-GTC ATG AGC CCT TCC ACG ATG C-30).

2.2. CCRL2 expression plasmid and CCRL2 knockdown siRNA

To construct the CCRL2 expression plasmid, human CCRL2 open
reading frame (ORF) was amplified by RT-PCR using cDNA from hu-
man glioblastoma patient tissues and a pair of CCRL2 ORF primers
(forward, 50-AAA TGC TAG CAC CAT GAT CTA CAC CCG TTT CTT AAA
AGG-30, reverse, 50-GGA TCT CGA GTT ACA CTT CGG TGG AAT GGT
CAG-30). The PCR product was purified and digested with Nhel and
Xhol, then inserted into the pcDNA3.1(+) vector (Invitrogen Corp).
The sequence and orientation were confirmed by sequencing.
CCRL2 knockdown siRNA si-CCRL2 were designed and purchased
from Santa Cruz (sc-77982, Santa Cruz).

2.3. Cell culture

Human GBM cell lines U87 MG and U373 MG were obtained
from ATCC. Both cell lines were cultured in Dulbecco’s modified ea-
gles medium (DMEM, Gibco Corp) supplemented with 10% fetal
bovine serum (FBS, Gibco Corp), in a humidified atmosphere with
5% CO2 at 37 �C.

2.4. MTT assay for cell viability

GBM cells were seeded in 96-well plates with initial density of
3000 cells per well. After 24 h, cells were transfected with CCRL2
expression plasmids (pcDNA-CCRL2) or control plasmids (pcDNA-
GFP) using FuGENE� HD (Roche Corp) transfection reagent. In dif-
ferent experiments, cells were transfected with CCRL2 knockdown
siRNA (si-CCRL2) or the negative control siRNA (siRNA-NC) using
Lipofectamine™ RNAiMAX (Invitrogen Corp) transfection reagent.
At Days 1, 2, 3, 4 and 5, after transfection, the mediums were re-
moved and the cells were incubated with 20 ll of 5 mg/mL 3-
(4,5-dimethylthiazol-2-yl) 2,5-diphenyl tetrazolium bromide
(MTT, Sigma–Alrich) stock solution at 37 �C for 4 h, and the absor-
bencies were determined by a microplate reader (Thermo Electron
Multiskan Ex Corp) at detection wavelength 570 nm (Abs570) fol-
lowing manufacture instructions. The relative cell viabilities were
calculated in accordance with the equation: Cell viability
½%� ¼ test Abs570=control Abs570 � 100%.

2.5. Wound healing assay

GBM cells were plated onto a 6-well plate at 3 � 105 cells per
well and transfected with pcDNA-GFP or pcDNA-CCRL2. At 70%
confluency, the monolayer cells were scratched by a sterile pipette
tip. The wounded cell layers were washed twice and then incu-
bated in complete culture medium. The wound healing processes
were monitored at 0 h, 10 h, and 24 h using inverted microscope
(Olympus IX50) and the migrated distances determined. The cell
migration distances were calculated as a percentage of the original
total distance calculated at 0 h (as 100%). Each experiment was re-
peated three times.

2.6. Matrigel transwell assay

GBM cells were transfected with pcDNA-GFP or pcDNA-CCRL2
and suspended in a medium containing 1% FBS medium. Equal
numbers (3 � 104) of cells were then seeded into a 24-well BD Bio-
Coat™ Matrigel™ Invasion Chamber (BD Biosciences Corp). Com-
plete culture medium was added to the lower chamber as a
chemoattractant. After the chambers were incubated for 22 h in
culture incubator, the non-invading cells were removed from the
upper surface of the membrane by ‘‘scrubbing’’. Cells on the lower
surface of the membrane were fixed and stained with 100% meth-
anol and 1% Toluidine blue, respectively. Each experiment was per-
formed three times in triplicates. Invading cells were
photographed under the microscope. Numbers of migrated cells
in five random selected fields were counted, and the average num-
ber calculated. The ratio of cells migrated into the lower chamber
(migration ratio) were calculated as the percentage of the total
cells originally seeded onto the upper compartment.

2.7. Statistics analysis

The data were analyzed by unpaired two-tailed Student’s t test
and expressed as mean ± standard deviation (SD). Differences were
considered statistically significant at ⁄p 6 0.05; ⁄⁄p 6 0.01;
⁄⁄⁄p 6 0.001.
3. Results

3.1. Elevated CCRL2 mRNA levels in glioma patient tissue samples and
glioma cell lines

We performed quantitative Real Time RT-PCR to determine the
expression levels of CCRL2 mRNA in human glioma cell lines and
patient tissues. As shown in Fig. 1A, the expression level of CCRL2
mRNA in the high-grade (HG, WHO grade IV) GBM cell lines U87
MG, U373 MG and U118 MG were significantly higher than that
of the low-grade (LG, grade II and III) glioma cell line SW1088,
and the lowest CCRL2 mRNA level was observed in human medul-
loblastoma cell line PFSK1. Furthermore, as compared to normal
brain tissues, CCRL2 mRNA levels in 24 high-grade GBM patient tis-



Fig. 1. Elevated CCRL2 expressions in glioma. The relative expression levels of CCRL2 mRNA in (A) five glioma cell lines and (B) 24 high-grade GBM tissues, 12 low-grade
glioma tissues and 5 normal brain tissues. LG, low-grade glioma; HG, high-grade glioma. ⁄p 6 0.05; ⁄⁄p 6 0.01; ⁄⁄⁄p 6 0.001.
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sues and 12 low-grade glioma patient tissues were 2.99 (p < 0.001)
and 1.64 (p < 0.05) folds higher, respectively (Fig. 1B).
3.2. Over-expression of CCRL2 did not change cell proliferation rate in
GBM

Many chemokines and their receptors have been shown to pro-
mote tumor malignant progression via promoting cell proliferation
[18,30]. Hence, we first investigated the ability of CCRL2 in regulat-
ing cells proliferation by gain of function of study, via over-
expressing CCRL2 in GBM cells. As shown in Fig. 2, U87 (2A, upper
panel) and U373 (2B, upper panel) cells transfected with a plasmid
encoding CCRL2 (pcDNA-CCRL2) showed significantly increased
CCRL2 mRNA expressions as compared to the control cells trans-
fected with a plasmid encoding GFP (pcDNA-GFP). However, result
from MTT assay indicated that both CCRL2 over-expressing cells
exhibited similar cell proliferation rate as compared to control cells
(Fig. 2A and B, lower panels). In addition, knockdown of CCRL2 by
siRNA targeting CCRL2 significantly decreased CCRL2 expression
level in U87 cells (Fig. 2C, upper panel), but did not cause any
change in cell proliferation rate (Fig. 2C, lower panel). Taken to-
gether, these results suggested that CCRL2 did not regulate the pro-
liferation rate of GBM cells.
Fig. 2. Over-expression or knockdown of CCRL2 had no effect in cell proliferation ratio in
or pcDNA-CCRL2 plasmid. The expression level of CCRL2 mRNA was determined by RT-P
mock-transfected or transfected with scrambled siRNA (siRNA-NC) or siRNA-CCRL2. The
rate was measured by MTT assay.
3.3. Over-expression of CCRL2 promoted cell migration in GBM cells

As a highly invasive tumor, GBM exhibited extraordinarily high
migration ability which greatly enhances its malignant progression
[31]. Therefore, characterizing the factors driving cell migration is
very important. CCRL2 has been shown to drive lung dendritic cell
migration [29]. As tumor cell migration shares many similarities
with leukocyte trafficking [10], hence, we propose that CCRL2
might play roles in GBM cell migration. To test this hypothesis,
wound healing assay was performed. As shown in Fig. 3A,
CCRL2-overexpressing cells showed a significantly faster migration
rate than that of the control cells. At 10 and 24 h post wound cre-
ation, cells had migrated to cover 60% and 100% of the total
wounded distance, respectively (Fig. 3B). In contrast, the control
pcDNA-GFP and mock transfected cells only migrated to cover
30% to 50% of the total wounded distance, respectively.
3.4. Over-expression of CCRL2 promoted cell invasion in GBM cells

Invasion into surrounding tissues is the key process for tumor
dissemination [32]. We proposed that elevated CCRL2 promoted
the invasiveness of GBM cells. To test this hypothesis, in vitro
transwell Matrigel assay was performed in U87 and U373 cells.
GBM. (A) U87 MG and (B) U373 MG cells were transfected with control pcDNA-GFP
CR. The cell proliferation rate was measured by MTT assay. (C) U87 MG cells were
expression level of CCRL2 mRNA was determined by RT-PCR. The cell proliferation



Fig. 4. Over-expression of CCRL2 promoted cell invasion in GBM cells. (A) U87 MG and U373 MG cells were transfected with PBS (Mock), pcDNA-GFP or pcDNA-CCRL2. The
invasive penetrated cells were photographed under the microscope. (B) The average number of invasive penetrated cells on the lower surface of the membrane were
quantified as described in the Section 2. ⁄p 6 0.05; ⁄⁄p 6 0.01; ⁄⁄⁄p 6 0.001.

Fig. 3. Over-expression of CCRL2 promoted cell migration in GBM cells. (A) U373 MG cells were transfected with control pcDNA-GFP or pcDNA-CCRL2. A single wound was
induced across the well. At 10 and 24 h after wound induction, phase-contrast images of the cell were photographed digitally under an inverted microscope. (B) The distance
of the wound areas was measured, and the cell migration distance was calculated as described in Section 2. ⁄p 6 0.05; ⁄⁄p 6 0.01; ⁄⁄⁄p 6 0.001.
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As shown in Fig. 4A, as compared to control, CCRL2-overexpressing
cells significantly increased the number of cells that penetrated the
membrane at 22 h after the seeding of cells. In control mock and
pcDNA-GFP transfected cells, only 5% and 3.5% of the total cells mi-
grated to the lower chamber in U87 and U373 GBM, respectively.
In contrast, the percentage of migrated cells in CCRL2 over-
expressing U87 and U373 cells was 9.5% and 7.5%, respectively
(Fig. 4B). These results indicated that elevated CCRL2 promoted cell
invasion.
4. Discussion

GBM is the most frequent and malignant brain tumor of the
central nervous system in adults [16]. Extensive invasion and dis-
semination of tumor cells into adjacent non-neoplastic brain tissue
prevents complete surgical resection and leads to a poor prognosis.
Understanding the molecular mechanisms underlying GBM migra-
tion and invasion are important for the development of new and
effective drugs for GBM. In recent years, a variety of molecules in-
volved in tumor migration and invasion have been identified,
including growth factors, adhesion molecules, proteases and extra-
cellular matrix components [33,34]. Increasing attention has been
drawn to the chemokine systems. Here we demonstrated signifi-
cantly elevated expressions of chemokine receptor CCRL2 in gli-
oma and glioblastoma in Hong Kong patients samples.
Furthermore, we showed for the first time that elevated CCRL2 pro-
moted glioma cell migration and invasion.

It has been proposed that migration mechanisms used by tumor
cells were similar, if not identical, to those that occur in immune-
cell trafficking [35]. Indeed, many chemokines and chemokine
receptors initially identified for their ability to control leukocytes
trafficking, have been subsequently demonstrated to promote tu-
mor cells migration and invasion. The two most well-studied che-
mokine/receptor pairs, the CXCL12/CXCR4 and CCL21/CCR7 have
been shown to mediate cancer cells metastasis to the lymph nodes
in multiple cancers [8]. Emerging evidence has suggested chemo-
kine systems are promising therapeutic targets. For example,
CXCR4 has been shown to be an effective target to inhibit breast
cancer metastasis [13]. He we demonstrated that CCRL2 could be
a new therapeutic target for GBM invasion and dissemination.
CCRL2 inhibitors in combination with radiotherapy and chemo-
therapy drugs are potentially effective therapeutics for GBM. Fur-
ther in vivo and in vitro studies in preclinical animal models are
needed.

At present, it is not known how CCRL2 expression is up-regu-
lated in glioma. The ligands of CCRL2 also remain elusive. Biber
and colleagues have previously suggested that chemokines CCL2,
CCL5, CCL7 and CCL8 might be the ligands of L-CCR in mice (equiv-
alent to human CCRL2) [28]. Therefore, we analyzed the expression
levels of human CCL2, CCL5 and CCL7 in glioma according to GEO
Profile (GDS1813). Our analysis showed that CCL2 expression pat-
tern is very similar to that of CCRL2 (Table 1), as its expressions are
significantly increased with increasing glioma tumor grade. In con-
trast, CCL5 expression level is decreased with increasing glioma tu-
mor grade. The potential interactions between CCRL2 and CCL2
warrant further investigations.

The downstream target and signaling molecules of CCRL2 are
also unknown. Members of the rhodopsin-like G-protein coupled
7-transmembrane receptors (GPCRs) often possess a DRYLAIV mo-
tif, which is a conserved (Asp-Arg-Tyr-Leu-Ala-Ile-Val) motif in the
second intracellular loop domain and crucial for chemokine GPCR



Table 1
The expression levels of potential CCRL2 ligands in normal brain tissues and glioma with different grades according to GEO Profile (GDS1813).

Normal brain tissues (n = 4) Oligodendroglioma WHO grade II
(n = 8)

Anaplastic oligoastrocytoma WHO grade III
(n = 6)

Glioblastoma WHO grade IV
(n = 30)

Average Average *p Value Average *p Value Average *p Value

CCL2 �2.0058 �0.0738 0.0001 0.0333 0.0034 2.0070 0.0000
CCL5 1.6968 0.6905 0.0002 0.2938 0.0003 0.4024 0.0000
CCL7 �0.9820 0.1406 0.2683 �0.0767 0.3670 1.7018 0.0601

* All the p value in each group was calculated as compared to the expression levels in normal brain tissues by unpaired two-tailed Student’s t test.
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signaling and function [36]. However, CCRL2 presents a non-canon-
ical DRYLAIV motif, which is Gln-Arg-Tyr-Leu-Val-Phe-Leu
(QRYLVFL) in huCCRL2 and Gln-Arg-Tyr-Arg-Val-Ser-Phe (QRYRVSF)
in mCCRL2 [37]. Thereafter, the intracellular signaling molecule(s)
of this CCRL2 may be atypical and different from that of other
receptors, and warrant further investigations.

In summary, we demonstrated for the first time an elevated
expression of chemokine receptor CCRL2 in glioma. More impor-
tantly, we showed that over-expression of CCRL2 alone is sufficient
to increase the migration and invasion of glioma tumor cells. The
regulations and the ligand, downstream signaling pathway require
further studies, and the potential applications of CCRL2 as thera-
peutic target or a biomarker in GBM and other chancers warrant
further investigations.
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