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Abstract: The role of calcium-sensing receptor (CASR) in colorectal cancer (CRC) have been assessed with several
studies, but the conclusions were inconclusive. Thus we performed a meta-analysis to evaluate the impact of CASR
polymorphisms on CRC risk and mortality. We searched literature from PubMed, Embase, Cochrane Library, and
Web of Science databases. The strength of association between the CASR polymorphisms and CRC risk was as-
sessed by calculating odds ratio (OR) with 95% Cl. CASR rs1801725 polymorphism was related to an increased
risk of CRC (OR = 1.44; 95% Cl, 1.08-1.93; P = 0.01). CASR rs1042636 polymorphism was not found to be associ-
ated with CRC risk (OR = 0.90; 95% Cl, 0.74-1.10; P = 0.32). As for rs1801726 (OR = 0.90; 95% Cl, 0.66-1.23; P
= 0.51) and rs12485716 (OR = 0.99; 95% CI, 0.88-1.11; P = 0.82), they were also not associated with CRC risk,
respectively. CASR rs4678174 polymorphism was significantly related to decreased risk of CRC (OR = 0.91; 95%
Cl, 0.83-0.99; P = 0.03). However, CASR rs1801725 polymorphism was not associated with CRC mortality risk. In
conclusion, this meta-analysis demonstrates CASR rs1801725 polymorphism and rs4678174 polymorphism were

significantly related to the risk of CRC.
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Introduction

Colorectal cancer (CRC) is the third most fre-
quently diagnosed malignancy and the fourth
leading cause of cancer death worldwide [1].
Due to screening and removal of premalignant
polyps, incidence rates have declined over the
last 3 decades [2]. Despite the progress in the
diagnosis and treatment of CRC, the mortality
from this disease remains high. Approximately
20% of patients with CRC have distant metas-
tasis atthe time of presentation [3]. Additionally,
among those patients who undergo curative
resection of the primary tumor, nearly a third
will develop recurrent disease.

The calcium-sensing receptor (CaSR) has been
identified as a key molecule in regulating sys-
temic calcium homeostasis in the parathyroid
[4]. Aggarwal et al. demonstrate that the CaSR
inhibits epithelial-to-mesenchymal transition
and the acquisition of a stem cell-like pheno-

type in the colon of mice lacking the CaSR as
well as colorectal cancer cells, identifying the
CaSR as a key molecule in preventing tumor
progression [5]. Fetahu et al. show that hyper-
methylation of the CaSR promoter and H3K9
deacetylation, but not H3K4me2 demethylation
are important factors that cause silencing of
the CaSR in colorectal cancer [6].

The CASR gene encodes a calcium-binding G
protein-coupled receptor (GPCR), with an extra-
cellular N-terminal domain (containing the cal-
cium binding sites), joined to the C-terminal
domain via a seven transmembrane region
(essential for its signaling function). Several
studies have demonstrated an increased risk of
CRC risk in subjects with the CASR polymor-
phisms, whereas other studies have reported
no association between CASR polymorphisms
and CRC risk [7-15]. Therefore, we performed
this meta-analysis to assess the role of CASR
polymorphisms on CRC risk and mortality.
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Materials and methods
Search for publications

We searched literature from PubMed, Embase,
Cochrane Library, and Web of Science databas-
es with the terms: “calcium-sensing receptor”,
“CASR”, “colorectal neoplasm”, “colorectal can-
cer”, “CRC” with all possible combinations. And
reference lists of review articles, bibliographies,
or some other relevant studies were also
searched manually for finding the additional eli-
gible studies. The last search was performed

on Apr 17, 2015.

Inclusion and exclusion criteria

Articles were included in this meta-analysis if
(1) they described a case-control study; (2) the
case group consisted of CRC patients and the
control group included healthy individuals; (3)
the outcome measures reported CASR poly-
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Figure 1. Flow diagram of study
selection procedure.

Data extraction

Data were independently
abstracted by two investiga-
tors. Differences among eval-
uators were resolved by dis-
cussion and rereading with
the third investigator. The fol-
lowing information was ex-
tracted from each included
study using a standardized
data collection protocol: first
author, year of publication,
ethnicity of participants, age
and gender, site of CRC, numbers of cases and
controls, and CASR polymorphisms.

Statistical analysis

The strength of association between the CASR
polymorphisms and CRC risk was assessed by
calculating odds ratio (OR) with 95% ClI. A statis-
tical test for heterogeneity was performed
based on the Q statistic. The P > 0.10 of the
Q-test indicated a lack of heterogeneity among
studies. If heterogeneity was observed among
the studies, the random-effects model was
used to estimate the pooled OR (the
DerSimonian and Laird method). Otherwise,
the fixed-effects model was adopted (the
Mantel-Haenszel method). Stratified analysis
was performed by site of CRC. All statistical
tests were performed with the software Review
Manager 5.1. A P value < 0.05 was considered
statistically significant.
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Table 1. Characteristics of the included studies

Firstauthor Year Ethnicity Age Gender Site Case (n) Control (n) Mortality Polymorphism HWE Quality
Speer 2002 Caucasian 62 Mixed Rectal 56 112 NA rs1801725 Yes 7
Peters 2002 Caucasian 55-74  Mixed CRC 716 729 NA rs1801725, rs1042636, rs1801726 Yes 7
Bécsi 2008 Caucasian 61 Mixed CRC 278 260 Yes rs1801725 Yes 8
Dong 2008 Caucasian 64.9 Mixed Colon 1600 1949 NA rs1801725, rs1042636, rs1801726, rs10934578, rs12485716, Yes 9
rs2270916, rs4678174
Jenab 2009 Caucasian  NA Mixed  Rectal and Colon 1160 1160 NA rs1801725 Yes 8
Jacobs 2010 Caucasian 53.5 Mixed Rectal and Colon 1802 2874 NA rs1042636, rs12485716, rs1801726, rs4678174 Yes 8
Fedirko 2012 Caucasian 62 Mixed CRC 1202 - Yes rs1801725 - 7
Kim 2013 Asian > 30 Mixed  Rectal and Colon 420 815 NA rs10934578, rs12485716, rs2270916, rs4678174 Yes 7
Mahmoudi 2014 Caucasian 55.1 Mixed CRC 350 510 NA rs1801725 Yes 8

CRC, colorectal cancer; HWE, Hardy-Weinberg equilibrium; NA, not available.
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Odds Ratio Odds Ratio
0, F 0,

Bacsi 2008 14276 0.5626 7.0% 4.17[1.38, 12.56]
Dong 2008 0.4049 02617 32.2% 1.50[0.90, 2.50] ™
Jenab 2009 0.3347 03119 226% 1.40(0.76, 2.58] ™
Mahmoudi 2014 0.27 0.3345 19.7%  1.31[0.68, 2.52] Nl
Peters 2002 0.0663 0.3524 17.7% 1.07 [0.54, 2.13] .
Speer 2002 -0.4188 1.6411  0.8% 0.66[0.03, 16.41]
Total (95% Cl) 100.0% 1.44 [1.08, 1.93] *
Heterogeneity: Chi? = 4.63, df = 5 (P = 0.46); I = 0% ’00 . o? . / 1*0 » oo=

Test for overall effect: Z=2.47 (P = 0.01)
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Figure 2. Forest plot of odds ratio (OR) for the association between CASR rs1801725 polymorphism and CRC risk.

Table 2. Results of meta-analysis

CASR polymorphisms and CRC risk

PP

Polymorphism Model OR (95% Cl)

P

Value (%) Value

As shown in Figure 2, CASR rs1801725

rs1801725 F 1.44 (1.08-1.93) 0.01 O 0.46
Rectal F 1.65 (0.58-4.67) 0.35 O 0.55
Colon F 1.41(0.92-2.15) 0.11 0O 0.67
rs1042636 F 0.90(0.74-1.10) 0.32 O 0.68
Colon F  0.85(0.66-1.09) 0.20 0O 0.88
rs1801726 F 090(0.66-1.23) 0.51 0 0.44
Colon F 0.88(0.52-1.47) 0.62 0O 0.86
rs12485716 F 0.99(0.88-1.11) 082 0 0.73
Rectal F 0.92(0.75-1.14) 044 0 0.86
Colon F 096(0.82-1.12) 060 O 0.50
rs4678174 F 091(0.83-0.99) 0.03 19 0.29
Rectal F  0.86(0.70-1.04) 012 0 0.74
Colon F 093(0.83-1.03) 0.17 0 0.73

polymorphism was related to an increased
risk of CRC (OR = 1.44; 95% CI, 1.08-1.93;
P = 0.01). Subgroup analyses were per-
formed according to site of CRC. The
results showed that CASR rs1801725
polymorphism was not associated with
rectal cancer risk (OR = 1.65; 95% Cl,
0.58-4.64; P = 0.35) and colon cancer risk
(OR = 1.41; 95% CI, 0.92-2.15; P = 0.11).
CASR rs1042636 polymorphism was not
found to be associated with CRC risk (OR =
0.90; 95% ClI, 0.74-1.10; P = 0.32) and
colon cancer risk (OR = 0.85; 95% Cl,
0.66-1.09; P = 0.20). As for rs1801726
(OR = 0.90; 95% ClI, 0.66-1.23; P = 0.51)

F, fixed-effects model.

Results
Characteristics of studies

The initial search identified 49 articles. Of
these articles, 41 relevant studies were select-
ed for detailed evaluation after the exclusion of
duplicates and a review of the remaining titles
and abstracts. Finally, 9 studies were included
in our analysis (Figure 1). Of these 9 publica-
tions, 8 articles evaluated the association
between CASR polymorphisms and CRC risk
and 2 were for prognosis of CRC. The clinical
features of eligible studies were listed in Table
1. Totally, 7584 CRC patients and 8409 con-
trols were included in this study. All of these
studies got 6 scores or more in quality assess-
ment, and were classified as high quality
studies.

9305

and rs12485716 (OR = 0.99; 95% ClI,

0.88-1.11; P = 0.82), they were also not

associated with CRC risk, respectively. In
addition, these two polymorphisms were not
related to the risk of rectal cancer and colon
cancer (Table 2). As shown in Figure 3, CASR
rs4678174 polymorphism was significantly
related to decreased risk of CRC (OR = 0.91;
95% Cl, 0.83-0.99; P = 0.03). Furthermore, this
polymorphism was marginally associated with
the risk of rectal cancer and colon cancer.

CASR polymorphisms and CRC mortality risk

Two studies evaluated the association between
CASR polymorphisms and CRC mortality risk. In
the study by Bacsi et al., CASR rs1801725 poly-
morphism did not show any association with
DFS or OS [9]. Similarly, the study by Fedirko et
al. also suggested that CASR (rs1801725) gen-
otype was not associated with survival in CRC
[13].
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R

Odds Ratio
IV, Fixed, 95% CI

Odds Ratio
IV, Fixed, 95% CI

Study or Subgroup log[Odds Ratio] SE Weight
Dong 2008 -0.0834 0.065 47.6%
Jacobs 2010 -0.0834 0.065 47.6%
Kim 2013 -0.4155 0.2069 4.7%
Total (95% ClI) 100.0%

Heterogeneity: Chi® = 2.46, df = 2 (P = 0.29); I? = 19%
Test for overall effect: Z = 2.21 (P = 0.03)

0.92 [0.81, 1.04]
0.92 [0.81, 1.04)
0.66 [0.44, 0.99)

*

05 07 1 15 2
Favours controls Favours cases

0.91 [0.83, 0.99]

Figure 3. Forest plot of odds ratio (OR) for the association between CASR rs4678174 polymorphism and CRC risk.

Discussion

Human and animal studies have shown that
Ca2 + prevents crypt hyperproliferation, sup-
presses dysplasia and protects the colon from
malignant transformation [17]. The CaSR has
been proposed as a potential mediator of these
effects [18]. However, evidence for a causal
relation between CASR polymorphisms and
colorectal tumorigenesis is still missing. In this
meta-analysis, we found that CASR rs1801725
polymorphism and rs4678174 polymorphism
was significantly related to the risk of CRC.
However, CASR rs1801725 polymorphism was
not associated with CRC mortality risk.

The CaSR is expressed abundantly in normal
colonic epithelium and lost in colon cancer, but
its exact role on a molecular level and within
the carcinogenesis pathway is yet to be
described [19]. MacLeod suggested that both
inflammation and Wnt/B-catenin signaling are
increased in the epithelia of ‘rescued’ CaSR/
PTH double knockout colons, and the capacity
for non-canonical Wnt signaling through
Wnt5a/Ror2 engagement is reduced [20].
CASR methylation was detected in 69% of
colorectal cancer tissues and 90% of lymph
node metastatic tissues and was significantly
correlated with reduced CASR expression [21].
A previous study shows that serum calcium is
associated with SNPs in or near the CASR gene
on 3q13. The top hit is rs1801725, a missense
variant, explaining 1.26% of the variance in
serum calcium [23].

To our knowledge, this was the first meta-anal-
ysis to investigate the association between
CASR polymorphisms and CRC. The inclusion of
online database added strength to our study.
However, our study had some limitations.
Firstly, many of the original studies did not
adjust for potentially important confounders.
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Secondly, because a lack in the original data of
the reviewed studies, other subgroup analysis
could not conducted, such as age and sex. In
spite of these, our meta-analysis had some
advantages. First, a substantial number of
cases and controls were pooled from different
studies, which greatly increased the statistical
power compared with individual studies.
Second, no significant heterogeneity was found,
indicating that our results were moderately
robust.

In conclusion, this meta-analysis demonstrates
CASR rs1801725 polymorphism and rs-
4678174 polymorphism were significantly relat-
ed to the risk of CRC. More prospective studies
with high-quality designs should be performed
to further validate these findings.
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