Int J Clin Exp Med 2019;12(1):664-672
www.ijcem.com /ISSN:1940-5901/IJCEM0061727

Original Article
Increased expression of CCRL2 is correlated with
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Abstract: A large amount of evidence suggests that expression of chemokine (C-C motif) receptor-like 2 (CCRL2)
is associated with tumorigenesis. However, the relationship of CCRL2 expression with bladder cancer remains unclear. The aim of the present study was to investigate the clinical significance and biological role of CCRL2 in bladder cancer. In the present study, CCRL2 mRNA levels in 10 pairs of bladder cancer and adjacent noncancerous
tissue samples were detected using real-time quantitative reverse transcription PCR (RT-PCR). In addition, immunohistochemistry was performed to detect the expression of CCRL2 in 100 clinical bladder cancer tissue samples.
Furthermore, the correlations between CCRL2 expression and clinicopathological features of bladder cancer were
analyzed. The results showed that expression levels of CCRL2 were significantly higher in bladder cancer tissues
compared with those in adjacent normal tissues (p < 0.05). In addition, high expression of CCRL2 was significantly
associated with differentiation (p = 0.006), tumor types (p = 0.038), and recurrence (p = 0.023). According to Kaplan-Meier analysis, CCRL2 expression was closely correlated with overall survival (p = 0.005) of bladder cancer, but
not with recurrence-free survival (p = 0.112). Moreover, Cox multivariate regression analyses revealed that CCRL2
expression was an independent predictor of overall survival (p = 0.018, hazard ratio = 2.697, confidence interval
1.161-6.264). The present study data suggest that expression of CCRL2 is closely associated with human bladder
cancer, and this protein might be used as a new target and prognostic factor in human bladder cancer.
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Bladder cancer is one of the most common
genitourinary tumors, and the incidence of this
cancer has been increasing rapidly over the
last few decades in China [1]. Among newly
diagnosed cases of bladder cancer, approximately 75% are non-muscle-invasive bladder
cancer (NMIBC) cases and 25% are muscleinvasive bladder cancer (MIBC) cases [2]. The
usual treatments for bladder cancer include
surgical resection and chemotherapy. In recent
decades, despite developments in surgical
techniques, there has been no improvement in
overall 10-year diseasespecific survival [3, 4].

current clinical and pathologic variables able to
predict the progression and survival of patients
with bladder cancer. Therefore, it is imperative
to develop novel strategies to prolong survival
and minimize morbidity. Ongoing research is
focused on the identification of molecular biomarkers that can provide useful information
regarding diagnosis, disease progression, and
surveillance in bladder cancer patients. Unfortunately, there remains a lack of prognostic
biomarkers for predicting the course of bladder
cancer. A bladder tumor biomarker with high
sensitivity and specificity would be a useful
adjunct tool for detection or follow-up in patients with bladder cancer.

Recurrence and progression are common characteristics of bladder cancer, and it is challenging to accurately differentiate patients with a
high risk of recurrence and progression from
those with a low risk after initial adequate therapy [5]. This difficulty results from the lack of

Chemokines are chemotactic cytokines (approximately 8-17 kDa) that possess the ability to
bind Gprotein-coupled receptors and were initially identified as mediators of leukocyte trafficking and homing [6]. Over the last 15 years, it
has been increasingly recognized that chemo-
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kines play an important role in cancer progression (including tumor growth, adhesion, migration, and metastasis of tumor cells), angiogenesis, lymphatic invasion by malignant
tumors [7-12], and regulation of leukocyte traffic [13]. C-C motif chemokine receptor-like 2
(CCRL2) is a representative member of the chemokine receptor family. It was first isolated
from a mouse macrophage cell line following
lipopolysaccharide (LPS) stimulation, and it
binds to chemokines such as CCL2, CCL5,
CCL7, CCL8, and CCL19 [14, 15]. CCRL2
expression at the mRNA level has been reported in murine macrophages [16], astrocytes,
microglia, and glial cells stimulated with LPS
[17, 18], as well as in mast cells [19]. A highly
stable complex formed through the combination of CCRL2 and pRb effectively inhibits the
induction of transcription by pRb, thus inhibiting pRb blockage of cell cycle activation. In
addition, CCRL2 can combine with SMAD2 and
SMAD3 to enhance the transcription of transforming growth factor-beta (TGF-β), which plays
an important role in the regulation of cell growth
and differentiation [20]. Thus, CCRL2 can regulate some key signaling pathways, such as
those involved in cell proliferation and differentiation, that may have effects on tumorigenesis
and tumor development [19, 21, 22].
Previous studies have reported that CCRL2
plays an important role in many human cancers
such as breast cancer and gliomas [23, 24].
However, no study has yet identified the relevance of CCRL2 expression in bladder cancer.
In the present study, we aimed to evaluate the
expression levels of CCRL2 in both bladder
cancer and adjacent noncancerous tissues
using real-time quantitative reverse transcription polymerase chain reaction (RT-PCR), and
to investigate the protein expression of CCRL2
in low and high-grade bladder cancer samples
using immunohistochemistry. In addition, we
evaluated the relationship between CCRL2
expression and clinicopathological features of
bladder cancer to determine the prognostic
value of this expression for postoperative survival of patients with bladder cancer.
Patients and methods
A total of 100 consecutive patients with bladder cancer were enrolled from October 2012 to
October 2014 at the Department of Urology,
Second Affiliated Hospital of NanChang
University. Patients were enrolled if they met
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the following criteria: first-time diagnosis of
bladder transitional cell carcinoma by histopathology, no history of other malignant tumors,
and no anti-cancer treatment of any form prior
to surgery. Patients with incomplete follow-up
data were excluded to render the study more
robust.
All tumors were graded and staged by experienced pathologists in our department according to the 2009 World Health organization
(WHO) grading system and the 7th edition of
the tumor, node, metastasis (TNM) classification [25-27]. According to these criteria, among
the 100 enrolled patients, 89 had primary
NMIBC (pTa-pT1) tumors and 11 had MIBC (pT2pT4) tumors (Table 1). The pathological grades
were classified according to the WHO Classification Criteria of Urothelial Carcinoma.
Low-grade urothelial carcinomas included
Grade I and Grade II (Grade I and Grade II are
well and moderately differentiated tumors,
respectively), and high-grade carcinomas were
classified as Grade III (poorly differentiated
tumors). Among the 100 patients, 47 were classified as having high-grade urothelial carcinoma, and 53 as having low-grade urothelial
carcinoma.
In addition, 10 paired samples of fresh frozen
tissue were used in the study, including tissues
from bladder cancer (diagnosed as bladder
cancer by histopathology) and adjacent noncancerous tissues (examined to verify that they
showed evidence of malignancy). All of the samples were quickly frozen in liquid nitrogen and
stored at -80°C until used. This study was
approved by the ethics committee of the Second Affiliated Hospital of NanChang University.
Written informed consent was obtained from
each participant.
Quantification of CCRL2 mRNA levels by realtime RT-PCR
For RT-PCR analysis, total RNA was extracted
from the 10 pairs of fresh surgical bladder cancer tissue samples and adjacent noncancerous
tissues using TRIZOL reagent (Invitrogen Corp.,
Carlsbad, CA, USA) following the manufacturer’s instructions. RNA was reverse-transcribed
using SuperScript® First Strand cDNA System
(Invitrogen Corp.). RT-PCR was performed using
SYBR® Green PCR master mix (Biotium, Inc.,
Fremont, CA, USA) in a reaction volume of 20
μL with the Bio-Rad CFX96™ fast Real-Time PCR
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system (Bio-Rad Laboratories, Inc., Hercules,
CA, USA) as follows: 94°C for 3 min, 94°C for
30 s with 45 cycles, and 72°C for 30 s, and the
levels of gene expression were detected following the manufacturer’s instructions. Each experiment was repeated 3 times. The housekeeping gene GAPDH was used as an internal
control. The following primers were used: CCRL2 specific primers (forward, 5AGGATCCCCAC C ATG GTC TAC AC C C GT T TC T TA A A AG G - 3 ,
reverse, 5AGGATCCCCACCATGGCCAATTACACGCTG-3) and GAPDH specific primers (forward,
5-AGGATCCCCACCATGGCC-3, reverse, 5TTGTAGTCCACTTCGGTGGAATG-3).
Immunohistochemistry
Briefly, 5-μm-thick sections were cut from paraffin-embedded bladder cancer samples and
mounted onto poly-L-lysine-coated slides. After
deparaffinizing and rehydrating, the sections
were boiled in 10 μmol/L citrate buffer solution
(pH 6.0) for 10 min, and 0.3% hydrogen peroxide was applied for 30 min to block endogenous
peroxidase activity. The slides were treated
with 1% fish skin gelatin for 30 min at room
temperature to block non-specific staining.
Then, the slides were incubated overnight with
primary rabbit anti-CCRL2 antibody (1:100;
BioVision Inc., Milpitas, CA, USA). After washing
with phosphate buffer saline (PBS), the slides
were incubated with the prediluted secondary
rabbit anti-CCRL2 antibody (1:100; BioVision
Inc.). After rinsing, diaminobenzidine (SuoLaibao
Technology Co., Ltd., Beijing, China) was used
for visualization. Finally, the sections were
counterstained with hematoxylin and mounted.
The sections were observed and photographed
under a light microscope (Olympus Corp.,
Tokyo, Japan). The proportion of stained cells
and the extent of the staining were used as
evaluation criteria. For each sample, the intensity of staining was graded into 4 levels: 0, negative staining; 1, weak staining (light yellow); 2,
moderate staining (yellow brown), and 3, strong
staining (brown). The percentage of stained
cells was scored as follows: 0, 5% of the cells or
less; 1, 5% to 10% of cells; 2, 11% to 50% of
cells; 3, 51% to 80% of cells; and 4, 80% or
more positive cells. A final score was determined by multiplying the percentage of positive
cells by the intensity. The final score was
defined as low expression for a score of 0-4
and high expression for scores of 6-12.
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Outcomes
Follow-up was performed by cystoscopy and
cytology every 3 months for the first 2 years
and then every 6 months. The procedures were
performed by 3 specialists in a blinded fashion.
Recurrence-free survival (RFS) was defined as
the time from initial surgery to the date of the
first documented bladder cancer relapse, and
overall survival (OS) was defined as the time
from surgery to the time of death.
Statistical analysis
Values were expressed as mean ± standard
error. Data evaluation was performed using
SPSS v. 18.0 (SPSS Inc., Chicago, IL, USA). The
quantification of CCRL2 by real-time PCR was
assessed using the independent samples t
test. The chi-square test and Fisher’s exact test
were used to assess the relationship between
CCRL2 and clinicopathological features in
patients with bladder cancer. The relationship
between the expression of CCRL2 and pathological features of bladder cancer was assessed
using the Cox proportional hazards regression
model. Kaplan-Meier analysis was used to estimate patient survival (OS and RFS), and differences were compared using the log-rank test.
The significance level in all tests was defined as
p < 0.05.
Results
Patient characteristics
A total of 100 patients, with their respective
surgical specimens, were eligible for the present study. Table 1 lists baseline patient characteristics. The study population included 84
(84%) men and 16 (16%) women. The mean age
of men at diagnosis was 61.0 ± 12.9 years
(range: 29-88), and that for women was 61.1 ±
12.4 years (range: 39-88). Among the patients,
89 had NMIBC, while 11 had MIBC. Using the
2009 WHO grading system and the 7th edition
of the TNM classification, experienced pathologists in our department classified 47 tumors as
high-grade urothelial carcinoma (47%) and 53
as low-grade urothelial carcinoma (53%).
The mRNA expression of CCRL2 in bladder
tissue samples and adjacent noncancerous
tissues
We performed real-time quantitative RT-PCR to
determine the expression levels of CCRL2
Int J Clin Exp Med 2019;12(1):664-672
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Table 1. Relationships between CCRL2 expression and clinical and
pathological features
Parameter
Sex
Male
Female
Age (y)
≤45
>45
Differentiation
Low Grade (Grade I/II)
High Grade (Grade III)
Tumor types
NMIBC
MIBC
Distant metastasis
+
Recurrence
+

Total NO

CCRL2 expression
High No. (%) Low No. (%)

P
0.572

84
16

55 (65.5)
9 (56.3)

29 (34.5)
7 (43.7)

13
87

9 (69.2)
55 (63.2)

4 (30.8)
32 (36.8)

0.765

0.006*
53
47

27 (50.9)
37 (78.7)

26 (49.1)
10 (21.3)
0.038*

89
11

60 (67.4)
4 (36.4)

29 (32.6)
7 (63.6)

90
10

59 (65.6)
5 (50.0)

31 (34.4)
5 (50.0)

0.489

0.023*
54
46

29 (53.7)
35 (76.1)

25 (46.3)
11 (23.9)

Statistical analyses were performed by the Cox regression analysis. *p < 0.05 was
considered significant.

Figure 1. Elevations of CCRL2 mRNA expression in bladder cancer with realtime quantitative reverse transcription polymerase chain reaction (RT-PCR).
RT-PCR analysis of CCRL2 expression in 10 paired bladder cancer tissue
samples (T) and adjacent normal tissues (ANT). GAPDH was used as the
loading control. *p < 0.05.

mRNA in 10 paired samples of bladder cancer
tissue (T) and adjacent noncancerous tissue
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protein level
samples.

(ANT). As shown in Figure 1,
the expression level of CCRL2
mRNA was significantly higher
in bladder cancer tissue, compared with that in the matched
adjacent noncancerous bladder tissue (p < 0.05). Thus, the
results of RT-PCR analysis
demonstrated that CCRL2
mRNA expression in bladder
cancer tissue was significantly
higher than that in adjacent
noncancerous tissue.
Protein expression in low- and
high-grade urothelial carcinoma samples
In the present study, we performed immunohistochemistry to examine CCRL2 expression in 100 bladder cancer
tissue sections, in order to
investigate the potential roles
of this protein in bladder cancer. As shown in Figure 2, in
high-grade urothelial carcinoma samples, high expression
of CCRL2 was observed in 37
out of 47 cases (78.7%), and
low expression of CCRL2 was
seen in 27 out of 47 cases
(21.3%). In the low-grade urothelial carcinoma samples,
high expression of CCRL2 was
observed in only 27 out of 53
cases (50.9%), while low
expression of CCRL2 was
found in 26 out of 53 cases
(49.1%). The difference between the two groups in the
proportion of cases expressing high levels of CCRL2 was
statistically significant (p <
0.05). In addition, a close relationship was observed between the expression of CCRL2
in bladder cancer and OS or
RFS (Table 2). These results
indicate that the expression of
CCRL2 is increased on the
in human urothelial carcinoma
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Figure 2. Representative immunostaining of CCRL2 in high-grade urothelial
carcinoma samples (A, B), low-grade urothelial carcinoma samples (C, D),
and isotype matched negative samples (E, F). High expression of CCRL2 (A,
B) is observed in high-grade urothelial carcinoma samples; low expression
of CCRL2 (C, D) is observed in low-grade urothelial carcinoma samples, and
expression of CCRL2 is observed in isotype matched negative samples (A, C
and E 10 × 20), (B, D and F 10 × 40).

Correlation of CCRL2 expression with overall
survival and recurrence-free survival in patients with bladder cancer
The correlation between CCRL2 expression
and clinical features of bladder cancer was
determined using Kaplan-Meier analysis. Patients were divided into a low-CCRL2 group and
a high-CCRL2 group according to the expression level of CCRL2. As shown in Table 1,
CCRL2 expression was significantly associated
with differentiation (p = 0.006), tumor type (p =
0.038), and recurrence (p = 0.023). However,
there was no significant correlation between
CCRL2 expression and other clinicopathological characteristics. Based on these results, we
presumed that CCRL2 expression has a significant correlation with clinical prognosis. From
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the outcomes of clinical follow-up and survival analysis,
we also observed a close correlation between CCRL2 expression and RFS or OS in
bladder cancer patients. As
shown in Figure 3A, a significant association between
CCRL2 expression in the bladder cancer tissues and OS
was seen. The high-CCRL2
group had a longer OS than
the low-CCRL2 group. The difference between the two
groups was found to be significant by the log-rank test (p =
0.005). Thus, the expression
level of CCRL2 showed a significant correlation with OS in
bladder cancer patients. However, as shown in Figure 3B,
although RFS in the lowCCRL2 group was shorter
than that in the high-CCRL2
group, no significant difference between the two groups
was found using the log-rank
test (p = 0.112), indicating
that there was no significant
correlation between CCRL2
expression and RFS.

Moreover, according to the
Cox model following adjustment for the multivariate predictors of survival, only CCRL2
was confirmed as an independent predictor of
RFS (hazard ratio [HR], 6.340; 95% confidence
interval [CI], 1.333-30.131; p = 0.019) and OS
(HR, 2.697; 95% CI, 1.161-6.264; p = 0.018)
(shown in Table 2). All of these results indicate
that CCRL2 might be an important prognostic marker for bladder cancer patients.
Discussion
Human bladder cancer is one of the most common malignancies worldwide. Although there
has been considerable improvement in surgical
techniques and subsequent therapies [28-31],
a reliable method to estimate risks and predict
the progress of bladder cancer is still not available. In addition, information regarding the biological characteristics of bladder cancer is also

Int J Clin Exp Med 2019;12(1):664-672

Expression of CCRL2 associated with human bladder cancer
Table 2. Multivariate Cox proportional hazard analysis for factors affecting overall survival and
recurrence-free survival of patients with bladder cancer
Prognostic variables
Age (>45 vs ≤45)
Differentiation (High Grade vs Low Grade)
CCRL2 (High vs Low)

OS
RFS
P
Hazard ratio (95% CI)
Hazard ratio (95% CI)
1.127 (0.294-4.237) 0.979 1.248 (0.430-3.619)
1.021 (0.214-4.859) 0.869 1.133 (0.487-2.634)
6.340 (1.333-30.131) 0.019* 2.697 (1.161-6.264)

P
0.682
0.768
0.018*

Statistical analyses were performed by the Cox regression analysis. *p < 0.05 was considered significant.

Figure 3. Kaplan-Meier analysis of overall survival and recurrence-free survival in relation to CCRL2 expression in
bladder cancer patients. Patients were divided into two groups: high CCRL2 expressers (n = 53) and low CCRL2 expressers (n = 47). Kaplan-Meier analysis of overall survival (A) and recurrence-free survival (B) in relation to CCRL2
expression in 100 bladder cancer patients showed a highly significant separation between curves.

insufficient [32]. Therefore, identification of
novel molecular biomarkers that can serve as
prognostic factors is necessary for early diagnosis and targeted therapy for patients with
bladder cancer. However, to date, there has
been no research on the clinical significance
and prognostic role of CCRL2 in patients with
bladder cancer.
Tumor invasion and metastasis share many
similarities with leukocyte trafficking, which is
distinctly regulated by chemokines and their
receptors [33]. Recently, large-scale clinical
studies have demonstrated that chemokines
play a pivotal role in cancer progression
because they trigger numerous important cellular responses such as growth, adhesion,
migration, and metastasis of tumor cells [34,
35]. Increasing attention has focused on the
chemokine systems. One of the most recent
additions to the atypical chemokine receptor
family is CCRL2, which is also known as L-CCR
(lipopolysaccharide inducible C-C chemokine
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receptor related gene), HCR (human chemokine
receptor), and CRAM (chemokine receptor on
activated macrophages) [16]. Recently, a number of researchers have focused on the role of
CCRL2 in the prognosis of human cancer.
CCRL2 could thus become a new therapeutic
target in treatment approaches to tumor invasion and dissemination. The present study is
the first to report that CCRL2 functions as a
prognostic biomarker in patients with bladder
cancer. To investigate the role of CCRL2 in bladder cancer, we analyzed the expression levels
of CCRL2 mRNA using real-time quantitative
RT-PCR, and found that bladder tissue showed
significantly higher expression levels of CCRL2
mRNA compared with adjacent normal bladder
tissues. Thus, we speculate that CCRL2 may
play an important role in bladder cancer.
Participants in this study included 47 patients
with high-grade urothelial carcinoma and 53
patients with lowgrade urothelial carcinoma.
To investigate the relationships between the
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expression of CCRL2 in bladder cancer samples and clinicopathological features of bladder
cancer, as well as prognosis, we performed
both postoperative follow-up and CCRL2 immunohistochemistry. The results of statistical
analysis revealed that CCRL2 expression has a
close correlation with OS in bladder cancer
patients. Patients with high expression of
CCRL2 exhibited relatively shorter OS compared with patients with low CCRL2 expression.
In addition, using multivariate Cox regression
analysis, we found that expression of CCRL2
was associated with differentiation (p = 0.006),
tumor type (p = 0.038), and recurrence (p =
0.023), indicating that CCRL2 may be involved
in progression of bladder cancer. Tumor grade
and other clinicopathological features are used
to provide guidance for clinical treatment. The
strong correlation of CCRL2 expression with
these adverse tumor characteristics suggests
that CCRL2 may have practical relevance in the
prognostic evaluation of patients with bladder
cancer. Overall, our research suggests that
CCRL2 may play an important role in bladder
carcinogenesis, and its expression may serve
as a useful biomarker to predict the prognosis
of patients with bladder cancer.
Recently, several studies have provided insights
into the molecular mechanisms of CCRL2, and
its target proteins and genes are gradually
being identified in various cancers. A series of
intriguing studies found that CCRL2 may play
an essential role in the regulation of many cancer-related proteins [23, 24], as well as a number of key signaling pathways [20]. Campbell et
al. reported that CCRL2 can combine with pRb
to form a highly stable complex that can effectively inhibit the induction of transcription by
pRb, thus inhibiting pRb blockage of cell cycle
activation. In addition, CCRL2 can also combine with SMAD2 and SMAD3 to enhance the
transcription of transforming growth factorbeta (TGF-β), which regulates cell growth and
differentiation [20]. Akram et al. demonstrated
that CCRL2 is a heptahelical transmembrane
receptor, the expression of which has been
found in almost all human hematopoietic cells
[36]. Furthermore, CCRL2 is highly expressed
during the dynamic phase of metastasis, such
as during early liver colonization [37]. Another
group of researchers reported that CCRL2
expression levels are elevated in human glioma
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patient samples and cell lines. Overexpression
of CCRL2 alone is sufficient to increase the
migration and invasion of glioma tumor cells.
The magnitude of increase in expression is positively associated with increasing tumor grade,
with the highest level observed in grade IV glioblastoma [24]. In the present study, we
observed that the expression level of CCRL2
mRNA in bladder cancer tissue was significantly higher than that found in the matched adjacent noncancerous bladder tissue. Moreover,
the proportion of high-grade urothelial carcinoma samples (78.7%) demonstrating high
expression of CCRL2 was higher than that
observed among the low-grade urothelial carcinoma samples (50.9%). According to the previous studies cited above, as well as our present
results, it is clear that expression of CCRL2 is
closely correlated with clinical prognosis in
patients with bladder cancer. In addition,
CCRL2 may play a role in modulating immune
response, regulating cell growth, and promoting cell proliferation, migration, and angiogenesis in the malignant progression of bladder
cancer. Thus, CCRL2 might be an important
prognostic marker in bladder cancer patients.
However, the downstream target and signaling
molecules of pathways mediating the effects of
CCRL2 on the biological behavior of bladder
cancer remain unclear and require further
elucidation.
There are some limitations to the current study.
First, the number of the patients enrolled in the
study is insufficient. Second, the regulation
mechanisms of CCRL2 in bladder tumor cells,
including those of cell division, invasion, and
apoptosis, remain unknown. In addition, we did
not perform further research in cells and animals to verify the differences between high and
low expression of CCRL2 in bladder cancer
cells in regard to invasion and metastasis.
Thus, additional research is necessary to focus
on these aspects.
In conclusion, the present study demonstrated
significantly higher expression of CCRL2 mRNA
in bladder cancer tissue than in paired normal
bladder tissue samples. Moreover, the protein
expression of CCRL2 in high-grade bladder cancer samples was higher than that in low-grade
bladder cancer samples. In addition, a significant correlation between CCRL2 expression
and OS was observed in this study. High expres-
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sion of CCRL2 was associated with shorter OS.
The present study is the first to report that
expression of CCRL2 may be associated with
clinical outcomes in bladder cancer, and this
protein may be a promising biomarker for early
diagnosis and evaluation of prognosis in bladder cancer.
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