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Background: Accumulating evidence has suggested a relationship between calcium-sensing
receptor (CASR) polymorphisms and cancer risk in different types of cancer; however, the find-
ings from epidemiologic studies have been conflicting. The purpose of this meta-analysis was
to assess the clinical susceptibility of CASR polymorphisms in cancer patients.

Materials and methods: This study systematically searched MEDLINE and EMBASE
databases for eligible articles through March 2017. The strength of association was expressed
as odds ratio and 95% CI. Publication bias, heterogeneity, sensitivity analysis, and subgroup
analyses were also examined.

Results: Fourteen related case—control studies were finally identified to be included in the
present analysis. The pooled result showed that no significant associations were found among
CASR1s1801725, 151042636, 1512485716, 1s4678174, 151801726, 1517251221, 1510934578, and
rs2270916 polymorphisms and cancer risk under all genetic models (P>0.05). The relationship
between CASR rs1801725 polymorphism and risk of cancer was consistent in the subgroup analy-
ses, and robust in sensitivity analysis. No publication bias was presented in our pooled-analysis.
Conclusion: The current evidence for our pooled analysis suggests that the CASR polymor-
phisms are not associated with an increased risk of cancer. Further larger studies are still neces-
sary to warrant and validate the findings in the current meta-analysis.
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Introduction

Cancer remains a major public challenge for health care worldwide, with ~12.7 million
new cancer cases and 7.6 million cancer-related deaths in 2012." Although the exact
mechanism of tumor pathogenesis is not clearly exposed, accumulating evidence sup-
ported that both environmental and genetic factors contribute to the etiology of cancer.?
The use of single-nucleotide polymorphisms (SNPs) in candidate genes is considered
to be an approach to identify novel susceptibility genes for the cancer development.
Currently, several epidemiologic studies have indicated that high dietary calcium
supplement or high serum calcium may be associated with an increased cancer risk,
particularly lethal or advanced disease.’

The calcium-sensing receptor (CASR) belongs to the metabotropic glutamate
receptor subclass of G-protein-coupled receptors, and is located on chromosome
3p13.3-21.4The central role of CASR in calcium homeostasis was through its regula-
tion of parathyroid hormone (PTH) secretion, as well as calcium re-absorption.’ The
expression of CASR has previously been reported in bone, parathyroid, and kidney,
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with clear roles in calcium homeostasis.® Further research
has demonstrated that the functional expression of CASR
was also described in other tissues, including prostate,
breast, and colon cancer tissue. Loss and gain of function
mutations of CASR shows that changes in calcium ion (Ca?*)
may mediate by the intracellular signaling. CASR may also
influence several tumor-related processes, independent of
circulating calcium level regulation.” Evidence from the
epidemiologic studies shows that the SNPs in CASR gene
related to serum calcium could function as risk markers,
which is of importance for the development of diseases.?
Moreover, genome-wide association studies (GWAS) have
also evaluated gene—environment (ie, SNPs in CASR gene
and calcium intake) interactions associated with the risk of
cancer.’ However, the role of CASR polymorphisms in can-
cer susceptibility/incidence is not fully understood, due to
the relatively small sample sizes and inconclusive results of
these studies. We, therefore, performed the present pooled
analysis based on all the published data to shed more light
on the impact of CASR gene polymorphisms in susceptibility
to cancer. To assess the prevalence of these SNPs, the influ-
ence of cancer types and ethnicity for cancer risk were also
examined in the present analysis. The results of our analysis
provide new insight that could be recommended for further
investigation.

Materials and methods
Searching strategy

All relevant studies concerning the associations between
the CASR polymorphisms and cancer risk, and published
from their inception to April 2016, were identified by
comprehensive searches of electronic databases, includ-
ing Pubmed, EMBASE, Web of Science, China National
Knowledge Infrastructure (CNKI), SinoMed, and WanFang
databases, without any restrictions. The following search
key words and medical subject heading terms were used:
(“Calcium-Sensing Receptor” OR “CASR”) AND (“can-
cer” OR “malignancies” OR “neoplasms” OR “tumor” OR
“carcinoma”) AND (“polymorphism” OR “variation” OR
“variant” OR “single nucleotide polymorphism” OR “muta-
tion” OR “SNP” OR “mutant”). Additionally, reference lists
of all the included studies and relevant review articles were
also manually searched to identify any eligible studies for
inclusion.

Inclusion criteria and exclusion criteria
The included papers should meet the following criteria: 1)
assessment of the relationship between cancer risk and the

CASR polymorphisms; 2) with a case—control study design;
and 3) detailed genotype frequency of cases and controls were
provided directly or could be calculated from the article text.
Exclusion criteria were: 1) letters, reviews, or case reports; 2)
not concerned with cancer risk; 3) overlapping study popula-
tions; 4) animal studies; and 5) studies with incomplete data.

Data extraction

For studies that met our inclusion criteria, the following
variables were recorded from each eligible study: the first
author’s name, year of publication, participant mean age and
sex, cancer site, country and ethnicity of the study population,
source of control, sample size, number of cases and controls,
genotype frequency, and evidence of Hardy—Weinberg equi-
librium (HWE) in controls.

Statistical analysis

Crude odds ratios (ORs) with 95% Cls between the CASR
polymorphisms and cancer risk, based on genotype fre-
quencies, in cases and controls were pooled to measure the
strength of the association. The pooled ORs with 95% CIs
were calculated in homozygote model (AA vs BB), heterozy-
gote comparison (AB vs BB), dominant model (AB + AA vs
BB), and recessive model (AA vs AB + BB). Statistical het-
erogeneity across studies was evaluated by using /* statistics.
P values 0f 25%, 50%, and 75% were assigned to have a low,
moderate, and high degree of heterogeneity, respectively.'®
The chi-square test was conducted to test the distribution of
HWE in controls, and P<0.05 indicated disequilibrium of
HWE. We then carried out the following subgroup analyses:
ethnicity (categorized as North-Americans or Europeans)
and cancer types (categorized as colorectal cancer [CRC]
or prostate cancer). The subgroup analyses were performed
only for the rs1801725 polymorphism because of the small
number of studies for other SNPs. To test the robustness of the
results, sensitivity analyses were also performed by removing
one study at each turn and examining the influence of each
individual study on the overall risk estimate. Publication bias
of the studies included was examined by using Begg’s funnel
plots and Egger’s test.!' A two-tailed P<0.05 was considered
statistically significant. All statistical tests were performed
using STATA statistical software version 12.0 (StataCorp,
College Station, TX, USA).

Results

|dentification of eligible studies
Figure 1 shows the study selection process. Our systematic
literature search yielded a total of 14 articles investigating the
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Figure | Flow diagram for identification of relevant studies.
Abbreviation: CASR, calcium-sensing receptor.

associations between the CASR polymorphisms and cancer
risk.'>% Based on our highly sensitive search strategy, a total
of 156 records were sourced from the initial literature search
in PubMed, EMBASE, Web of Science, CNKI, SinoMed,
and WanFang databases. We excluded 25 records because
they were duplicate studies, and a further 104 articles were
also excluded for reasons related to the following: review or
commentary or letter (n=10), studies in animal or cell lines
(n=16), no relevant outcomes (n=15), studies were obviously
irrelevant (n=48), not related to CASR gene (n=7), and not
related to CASR polymorphism (n=8). After a review of

the remaining 27 articles in detail, 14 case—control studies
meeting our inclusion criteria were finally selected for the
present meta-analysis.

Study characteristics

The characteristics of the included studies for the relationship
of CASR polymorphisms with cancer risk are summarized
in Table 1. The publication years ranged from 2002 to 2015.
Of'the 14 case—control studies included, an array of cancers,
including rectal cancer,'> CRC,*"'"2!3 pancreatic cancer,”

prostate cancer,'®!° breast cancer,?* ovarian cancer,” and hepa-
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Table | Characteristics of all involved studies

Authors Year Mean Gender Cancer type Area Ethnicity Genotype Source of SNPs
age (M/F) method controls
Speer et al"? 2002 625  84/84 Rectal cancer Hungary European  PCR-RFLP HP rs1801725
Fuszek etal'* 2004 655 NA CRC Hungary European ~ PCR-RFLP PB rs1801725
Peters etal'* 2004 >55.0 1002/443 Colorectal Maryland North Tagman assay PB rs1801725; rs1042636;
adenoma America rs1801726
Dong et al'® 2008 65.0 1915/1619 Colon cancer USA North iPLEX Gold PB rs|1801725; rs1042636;
America rs12485716; rs4678174;
rs1801726; rs10934578;
rs2270916
Bacsi et al'® 2008 61.0 NA CRC Hungary European ~ PCR-RFLP PB rs1801725
Jenab et al'? 2009 580 NA CRC Netherlands European  Tagman assay PB rs1801725
Schwartz 2010 63.0 NA Prostate cancer USA North Tagman assay PB rs1801725; rs1042636;
etal'® America rs1801726
Szendroi 2011 67.0 NA Prostate cancer  Hungary European = PCR-RFLP PB rs1801725
etal”
Anderson 2013 64.0 950/871 Pancreas cancer Canada North iPLEX Gold PB rs12485716; rs4678174
etal® America
Kim et al*! 2013 >30.0 797/438 CRC Korea Asian TagMan assay HP rs12485716; rs4678174;
rs10934578;
rs2270916
Li et al? 2014 450 NA Breast cancer China Asian TaqMan assay HP rs17251221
Mahmoudi 2014 495 436/424 CRC Iran Asian PCR-RFLP HP rs1801725
etal®
Tang et al* 2014 50.0 1406/220 Hepatocellular ~ China Asian TagqMan assay HP rs17251221
carcinoma
Yan et al® 2015 5258 NA Ovarian cancer  China Asian PCR-RFLP HP rs17251221

Abbreviations: SNPs, single-nucleotide polymorphisms; M, male; F, female; NA, not available; HP, hospital-based; PB, population-based; CRC, colorectal cancer; PCR-RFLP,

polymerase chain reaction-restriction fragment length polymorphism.

tocellular carcinoma were involved.?* Among the included
studies, nine studies concerned rs1801725 (A986S),%-323
three studies concerned rs1042636 (R990G),'*!>13 three
studies concerned rs12485716,'>2%2! three studies con-
cerned rs4678174,'3202! three studies concerned rs1801726
(Q1100E),'*1518 three studies concerned rs17251221,2224%
two studies concerned rs10934578,132! and two studies con-
cerned rs2270916."5?! In all of the included studies, genotype
distributions of the CASR polymorphisms in controls were in
agreement with HWE, except for one study reported by Kim
et al*! in rs2270916 polymorphism. A variety of genotyping
methods were applied, including polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP),
Tagman assay, and iPLEX Gold.

Quantitative data synthesis

For the CASR A986S polymorphism, nine case—control
studies with 4844 cases and 5198 controls were identi-
fied. Overall, the aggregated results showed that CASR
rs1801725 polymorphism was not significantly associated
with cancer risk under the genetic models (the homozygote

model: OR=0.87, 95% CI=0.63-1.18, P=0.36, ’=9.1%
(Figure 2A); the heterozygote comparison model: OR=0.85,
95% CI=0.64-1.13, P=0.27, P=0% (Figure 2B); the domi-
nant model: OR=0.87, 95% CI=0.64—1.18, P=0.36, ’=7.6
(Figure 2C); recessive model: OR=0.92, 95% CI=0.78-1.09,
P=0.35, ’=60.3% (Figure 2D); respectively).

Other polymorphisms of CASR, such as rs1042636,
1rs12485716,1s4678174,rs1801726,1s17251221,1510934578,
and rs2270916, were mentioned in our systematic literature
search relationship of CASR polymorphisms with cancer
risk. The pooled results revealed that CASR polymorphisms
may not increase the risk of cancer under the homozygote
model, heterozygote comparison model, dominant model,
and recessive model. Table 2 lists the main results of the
meta-analysis of the relations between CASR polymorphisms
and cancer susceptibility.

Subgroup analysis

The associations between CASR rs1801725 polymor-
phism and risk of cancer in a subgroup of articles defined
according to ethnicity, source of controls, and cancer
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A B
Study % Study %
ID OR (95% CI) Weight ID OR (95% Cl)  Weight
Speer et al'? (2002) g 1.34 (0.05-33.77) 0.92 Speer et al™? (2002) 2.02 (0.08-51.96) 0.56
Fuszek et al'® (2004) * 1.77 (0.08-37.48) 1.03 Fuszek et al'® (2004) 1.79 (0.08-38.93) 0.69
Peters et al* (2004) —f— 0.97 (0.48-1.93) 17.48 Peters et al"* (2004) > 0.78 (0.38-1.59) 16.59
Bacsi (2008) —— 0.23 (0.08-0.70) 744 Bacsi (2008) —[0— 0.26 (0.08-0.81)  13.83
Jenab etal'” (2009) o 0.71(039-131) 2154 Jenab etal'” (2009) 073(0.39-137) 2258
Dong et al'® (2008) —— 0.99 (0.59-1.66) 28.65 Dong et al'® (2008) 1.05 (0.62-1.79) 2646
Szendroi et al'® (2011) » 0.73 (0.07-7.10) 1.83 Szendroi et al'® (2011 0.50 (0.05-5.05) 223
Mahmoudi et al®® (2014) - 1.23(0.66-2.28) 21.11 Mahmoudi et al®® (2014) 1.22 (0.64-2.31) 17.06
Schwartz (2010) : (Excluded) 0.00 Schwartz (2010) (Excluded) 0.00
Overall (>=9.1%, P=0.359) C 0.87 (0.63-1.18)  100.00 Overall (=0.4.1%, P=0.426) 0.85 (0.64-1.13)  100.00
Note: weights are from effects analysis. :

T . T T T
0.0267 1 37.5 0.0192 52

C D
Study % Study %
ID OR (95% CI) Weight ID OR (95% CI) Weight
Speer et al'? (2002) ; 1.52 (0.06-37.92) 0.89 Speer et al'? (2002} * 0.69 (0.35-1.37) 4.83
Fuszek et al'® (2004) 1.7 (0.08-37.25) 0.99 Fuszek et al'® (2004) —_— 1.04 (0.56-1.91) 5.77
Peters et al"* (2004) 092 (0.46-1.83) 17.32 Peters et al"* (2004) - 1.21 (0.95-1.54) 1556
Bacsi (2008) 0.24(0.08-0.72) 7.28 Bécsi (2008) —— 0.77 (0.54-1.12) 10.92
Jenab et al'” (2009) 0.72(0.39-1.32) 2145 Jenab et al'” (2009) :Ir 0.95(0.79-1.15) 17.69
Dong et al'® (2008) X 1.01(0.60-1.68) 28.83 Dong et al'® (2008) 0.94 (0.81-1.10) 18.98
Szendroi et al'® (2011) : 0.66 (0.07-6.46) 177 Szendroi et al'® (2011) N 113 (0.55-2.31) 452
Mahmoudi et al®® (2014) : 122 (0.66-2.26) 21.47 Mahmoudi et al®® (2014) i e 140(082-242) 683
Schwartz (2010) ' (Excluded) 0.00 Schwartz (2010) —— 0.60 (0.47-0.78) 14.90
Overall (=7.6%, P=0.372) & 0.67 (0.64-1.18) 100,00 Overall (1%=60.3%, P=0.010) <> 0.92 (0.78-1.09) 100.00
Note: weights are from random effects analysis. i Note: weights are from random effects analysis. E

T . T T T
0.0264 1 37.9 0.347 1 2.88

Figure 2 Forest plot of the association between CASR A986S polymorphism and cancer risk: (A) AA vs SS; (B) AS vs SS; (C) AA+AS vs SS; and (D) AA vs AS+SS.
Notes: The squares and horizontal lines correspond to the study-specific OR and 95% CI. The area of the squares reflects the study-specific weight (inverse of the variance).

The diamond represents the pooled OR and 95% ClI.
Abbreviations: CASR, calcium-sensing receptor; OR, odds ratio.

type are summarized in Table 3. The meta-analysis
included five studies in Europe!>!¢1%2022 and four studies
in non-Europe!”'#2126 In a subgroup analysis stratified
by ethnicity, suggesting that no significant associations
were observed between European (homozygote model:
OR=0.88, 95% CI=0.60—1.28; heterozygote comparison
model: OR=0.91, 95% CI=0.62—-1.34; the dominant model:
OR=0.88, 95% CI=0.60-1.29; recessive model: OR=0.96,
95% CI=0.86—1.07) and non-European (homozygote model:
OR=0.83, 95% CI=0.55-1.24; heterozygote comparison
model: OR=0.79, 95% CI=0.51-1.20; dominant model:
OR=0.73, 95% CI=0.32-1.63; recessive model: OR=0.87,
95% CI=0.59-1.30) studies. For subgroup analysis of cancer
type, we found that no significant associations were observed
between the CASR rs1801725 polymorphism and CRC,
colon cancer, rectal cancer, colorectal adenoma, and prostate

cancer (P>0.05). Subgroup analysis was also carried out
with the data segregated by source of controls. The pooled
subgroup result showed that no significant associations
were observed between the CASR rs1801725 polymorphism
and cancer risk in the hospital-based and population-based
control groups under all genetic models.

Publication bias and sensitivity analysis

No evidence for asymmetry was detected in Begg’s funnel
plots. The result was also supported by Egger’s tests (homo-
zygote model: P=1.000; heterozygote comparison model:
P=0.711; dominant model: P=1.000; recessive model: P=0.754;
respectively). To further test the robustness of the results, we
conducted a sensitivity analysis by excluding each study at each
turn. The statistical significance of the results was not altered
when any single study was omitted (data not shown).
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Discussion

Cancer is a complex multifactorial disease attributed to a
disordered balance between proliferation, differentiation,
and apoptosis. Evidence from experimental studies suggests
that loss in the function of the CASR could accelerate the
progression of neoplastic disease.?® Many in vitro studies
have demonstrated disruptions of the growth suppressing
effects of elevated extracellular Ca?*in intestinal epithelial
cells, insulinoma cells, gastrinomas, leydig tumor cells, and
in colon carcinoma.?’” An increasing body of studies indi-
cates the relationship between CASR activation and high
expression and secretion of PTH-related peptide, which is
the foremost causal factor in hypercalcemia of malignancy,
and a contributor to bone metastatic processes.”® Although
mutation of the CASR does not appear to be an early event
in carcinogenesis, loss or upregulation of normal CASR
function can influence several aspects of tumor development.
Multiple lines of evidence supported that therapeutic strate-
gies directed at CASR could potentially serve a supportive
function in cancer management.

CASR is considered to be an important element of the
signaling pathway in mediating the anticancer activities of
calcium on cancer development. Previous studies have sug-
gested that calcium may protect against CRC risk through
binding to the CASR, or indirectly by binding bile acids
and free fatty acids in the colonic lumen, which leads to
the induction of tumor cell apoptosis and differentiation.?
Calcium activates cell growth, and differentiation through
certain signaling pathways that participate in CASR is con-
sidered the likely pathway. It promotes E-cadherin expres-
sion and the suppression of B-catenin activation, and possibly
modulates the activation of the p38 mitogen-activated protein
kinase cascade system.’® Further research has demonstrated
that this stimulation is mediated by filamin-A, which can be
bound to the A986S mutation site of CASR.*' The abnormal
expression of CASR may be associated with differentiation
and tumor development.’? The patterns of CASR expres-
sion indicate its role in the pathogenesis of CRC; the high
expression of CASR is found in normal large intestinal
epithelium, yet is lower in well-differentiated CRC tissue,
and is decreased in undifferentiated carcinomas.** Actually,
downregulation of the CASR expression in the colonic epi-
thelium is the main element in the pathogenesis of CRC.*
Furthermore, epigenetic inactivation of CASR, such as CASR
methylation, has a key role in colorectal carcinogenesis.*
However, the influence of these variants on CASR protein
function is not clarified.

Up to now, the reported CASR contains several polymor-
phisms in cancer risk with unknown clinical significance
and values. To provide a comprehensive and reliable con-
clusion, we performed a comprehensive systematic review
and meta-analysis to assess the association between eight
extensively studied polymorphisms (rs1801725, rs17251221,
rs1042636, 1512485716, rs4678174, rs1801726, 1s10934578,
and rs2270916) and cancer risk reported until April 2016.
The pooled results demonstrated that no significant asso-
ciations were found between the CASR polymorphisms and
cancer risk in any of the genetic models in overall analysis.
Our results were very robust, which did not vary materially,
in spite of the sensitivity analyses and subgroup analysis
performed. Moreover, no publication bias was presented in
our present meta-analysis.

A previous meta-analysis based on the same topic has been
performed by Jeong et al.3® Our study has several advantages
over this previous meta-analysis to make it more conclusive.
First, our meta-analysis included only case—control trials,
which was highly homogeneous and less selective risk.
Second, previously defined key subgroup analyses based on
ethnicity, types of cancer, and source of controls were per-
formed to investigate the impact of various parameters on
the pooled outcomes, unlike previously. Our meta-analysis,
which includes 14 case—control studies, did not reveal any
significant associations for all genetic models, even when
stratified analysis was conducted according to ethnicity,
ethnicity, types of cancer, and sources of controls. Third, the
association between the eight polymorphisms (rs1801725,
1s1042636, 1512485716, rs4678174,1s1801726, rs17251221,
rs10934578, and rs2270916) in the CASR gene and cancer risk
under all genetic models have been investigated in our present
analysis, which may provide a comprehensive and reliable
conclusion. Finally, sensitivity analyses were also performed
to assess the stability of the results; namely, a single study in
the meta-analysis which was deleted each time to reflect the
influence of the individual data set to the pooled OR. All of
the results of the subgroup analysis and sensitivity analysis
suggest that the data in this meta-analysis are relatively stable
and statistically robust.

Several studies quantifying the genetic effect of CASR
rs1801725 variant on the susceptibility and prognosis of
colorectal, colon or rectal cancer have shown inconsistent
results.>17212 A common alanine (A) to serine (S) poly-
morphism of amino acid 986 in intracellular C-terminal tail
of the CASR revealed that A986S plays an important role in
maintaining calcium homeostasis. The “G” or “A” allele was
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associated with higher circulating PTH and calcium concen-
trations when compared with the “T” or “S” allele.’” These
data support the hypothesis that the mutations in the CASR
gene rs1801725 variant are contributed to pathogenesis of
CRC. In a subgroup analysis stratified by cancer type (CRC
vs prostate cancer), we failed to find any significant associa-
tion between the CASR rs1801725 polymorphism and the
CRC risk. The relationship was consistent in prostate cancer.
Future large-scale, well-designed studies are needed to get a
deeper insight into the association.

Some potential limitations in our present meta-analysis
should be taken into account. First, we pooled the data using
unadjusted information, and other factors (ie, age, family
history, the interactions among gene—gene, and even gene—
environment) may potentially impact on our results and result
in heterogeneity. Second, for CASR rs1042636, rs12485716,
rs4678174, rs1801726, rs17251221, rs10934578, and
rs2270916 polymorphisms and risk of cancer, considering
the limited number and sample sizes of the included studies
(only two or three studied), additional studies or a database
on these topics are needed. Third, because of the limited data
of the reviewed studies, we failed to capture the data of serum
levels of calcium intake, which could affect our present study.
Fourth, accumulating evidence has suggested that the CASR
plays a critical role in bone metastasis. Due to the lack of
original data of the included studies, we did not evaluate the
effects of CASR in bone metastasis in cancer patients; further
studies based on this topic are needed. Finally, the analysis
was only based on published data, and no unpublished data
were included. Hence, some inevitable publication biases
might have a potential impact on our results.

Conclusion

In summary, our analysis provides reliable evidence that
the CASR polymorphisms may not be associated with
overall cancer susceptibility under the current published
studies. Our subgroup analysis further indicated that the
CASR 151801725 polymorphism is not associated with an
increased risk of CRC and prostate cancer. Large-scale and
well methodologically designed studies should be conducted
to explore the real relationship between CASR variants and
cancer risk.
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