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Throughgenome-wideassociationanalysisandanindependentreplicationstudyusingatotalof1131bladdercancer
cases and 12 558 non-cancer controls of Japanese populations, we identified a susceptibility locus on chromosome
15q24. SNP rs11543198 was associated with bladder cancer risk with odds ratio (OR) of 1.41 and P-value of 4.03 3
1029. Subgroup analysis revealed rs11543198 to have a stronger effect in male smokers with OR of 1.66. SNP
rs8041357, which is in complete linkage disequilibrium (r2 5 1) with rs11543198, was also associated with bladder
cancer risk in Europeans (P 5 0.045 for an additive and P 5 0.025 for a recessive model), despite much lower
minor allele frequency in Europeans (3.7%) compared with the Japanese (22.2%). Imputational analysis in this
region suggested CYP1A2, which metabolizes tobacco-derived carcinogen, as a causative candidate gene. We
also confirmed the association of previously reported loci, namely SLC14A1, APOBEC3A, PSCA and MYC, with blad-
der cancer. Our finding implies the crucial roles of genetic variations on the chemically associated development of
bladder cancer.
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INTRODUCTION

Bladder cancer is one of the most frequent cancers, which causes
�150 000 death per year in the world (1). Both environmental
and genetic factors are involved in the development of bladder
cancer, and tobacco smoking is known to be the most important
factor to increase the risk of bladder cancer; current or former
smokers have a 2- to 6-fold higher risk than never-smokers
(2,3). In addition, occupational exposures to industrial chemicals
(4–6), arsenic contamination in drinking water (7) and infectious
diseases (8)also increase the bladder cancer risk.Bladder cancer in-
cidence in males is nearly 3-fold higher than that in females (3),
probably due to the higher prevalence of tobacco smoking and
occupational exposure in males. On the other hand, familial aggre-
gation of bladder cancer has also been reported (9,10), suggesting
the importance of genetic factors in bladder cancer development.

NAT2 and GSTM1 are involved in the detoxification of car-
cinogen (11), and an NAT2 slow-metabolizer genotype and a
GSTM1 null genotype were indicated their association with an
increased risk of bladder cancer (12,13). In addition, recent
genome-wide association studies (GWASs) in European popula-
tions have identified multiple genetic factors associated with
bladder cancer (14–18). However, no GWAS has yet been con-
ducted in Asian populations. So, to identify genetic factors
associated with the risk of bladder cancer, we conducted a
genome-wide association study in the Japanese population.

RESULTS

In this study, we performed a two-stage GWAS approach. A
study design and the information of subjects used in this analysis
are shown in Supplementary Material, Fig. S1 and Table S1.

Case samples in the screening and replication stages were
recruited from a collaborative network consisting of 11
university-affiliated hospitals in Japan. The genotyping informa-
tion for non-cancer controls was obtained from the BioBank
Japan project. In the screening stage, a total of 539 bladder
cancer cases were genotyped by using Human OmniExpress
Exome chip. After an initial standard quality control procedure,
we obtained genotyping results of 554 389 SNP loci in 531 cases
and compared them with those of 5581 controls. Principle com-
ponent analysis indicated that all subjects used in GWAS were of
the Asian ancestry (Supplementary Material, Fig. S2). We per-
formed statistical analysis using a Cochran–Armitage trend
test and obtained the genomic inflation factor lambda to be
1.0493, indicating the low possibility of population stratification
(Supplementary Material, Fig. S3). From the association ana-
lysis, 82 SNPs in 45 distinct genomic regions were indicated sug-
gestive associations (P , 5 × 1025). Among them, three SNPs
on chromosome 6p21 passed the genome-wide significance
threshold (P ¼ 1.76–3.39 × 1028, Fig. 1 and Supplementary
Material, Table S2).

To validate these associations, we selected 64 SNPs through
linkage disequilibrium analysis with the criteria of pair-wise r2

of ,0.8. In the replication analysis, we attempted genotyping
of a new set of 592 cases and 6964 controls for these 64 SNPs
and successfully obtained the genotype information at 59 SNP
loci. Among these 59 SNPs, the only one SNP, rs11543198, on
chromosome 15q24 revealed significant association with a
P-value of 1.22 × 1024 (P , 8.47 × 1024 ¼ 0.05/59, Table 1
and Supplementary Material, Table S3). The combined analysis
of the GWAS and replication data indicated SNP rs11543198 to
have the genome-wide significance of the association (Pmeta ¼
4.03 × 1029, odds ratio (OR) ¼ 1.41, Table 1).

Figure 1. Manhattan plot showing the genome-wide P-values of association. The P-values were calculated by Cochran–Armitage trend test. The y-axis represents the
2log10 P-values of 554 389 SNPs, and x-axis shows their chromosomal positions. The horizontal blue line shows the threshold of P ≤ 5 × 1025 for selecting 84 SNPs
for replication analysis.
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For validation, we examined the association of this locus with
bladder cancer risk in 3508 bladder cancer cases and 5101 con-
trols of European ancestry (17). As rs11543198 was not genotyped
in the European GWAS, weused SNPrs8041357, which is in com-
plete linkage disequilibrium (D’ ¼ 1, r2 ¼ 1) with rs11543198 in
Asians and Europeans based on the 1000 Genomes Project data
(19). In agreement with the 1000 Genomes data, the frequency of
the minor allele G was 22.2% in the Japanese controls, compared
with 3.7% in Europeans (Supplementary Material, Table S4).
Owing to much lower allele frequency, the association in
Europeans was weaker but the direction and magnitude of
association were similar in both populations.

As gender and smoking status are known to be important risk
factors for bladder cancer, we conducted subgroup analysis. As a
result, SNP rs11543198 showed a stronger effect among males
and smokers (OR of 1.58 and 1.65, respectively) (Table 2). As
males are more likely to use tobacco, we also conducted sub-
group analysis stratified by both gender and smoking status.
SNP rs11543198 exhibited stronger effect among males (OR
of 1.66 for smoker and 1.49 for never-smoker) than females (OR
of 1.29 for smoker and 1.12 for never-smoker), irrespective of
smoking status (Table 2). Although we did not observe significant
heterogeneity among each group, our findings suggested possible
functional interaction of this genetic factor with tobacco smoking,
occupational exposure to carcinogen or some hormonal factors.

We also conducted imputation analysis around this SNP
region of chromosome 15q24 in our GWAS cohort and found

that 29 SNPs within a 341-kb region including SEMA7A-
UBL7-ARID3B-CLK3-EDC3-CYP1A1-CYP1A2-CSK genes
showed similar association as rs11543198 (P , 1 × 1025,
Fig. 2 and Supplementary Material, Table S5). Among these
29 SNPs, rs1350194 in the 3′ flanking region of CYP1A2
revealed the strongest association (P ¼ 5.80 × 1027 with OR
of 1.55, Supplementary Material, Table S5). Moreover, an A
allele of SNP rs2069514 (CYP1A2∗1C), which is known to
have the lower CYP1A2 activity (20), was indicated to reduce the
disease risk (P¼ 1.42 × 1026 with OR¼ 0.66, Supplementary
Material, Table S5). These two SNPs (rs1350194 and rs2069514)
were in modest linkage disequilibrium with rs11543198 (r2 ¼
0.215 and 0.468, respectively). As CYP1A2 metabolizes some
polycyclic aromatic hydrocarbons (PAHs) to carcinogenic in-
termediates (21,22), the higher CYP1A2 activity generates
more carcinogenic metabolites and then is likely to enhance
the risk of tobacco-related cancers. Therefore, our result sug-
gests that CYP1A2 on chromosome 15q24 may be a causative
gene candidate to increase the risk of bladder cancer.

In addition, we also examined previously reported susceptible
loci in our GWAS cohort (14–18). We successfully genotyped
10 SNPs as shown in Table 3 and confirmed the significant asso-
ciation of the loci in the SLC14A1, APOBEC3A, PSCA and MYC
genes with P-values of ,0.05 (Table 3). Two SNPs on TACC3
and UGT1A loci revealed weak trends, but the remaining four
loci were not replicated. These results may imply the genetic
heterogeneity between European and Asian populations.

Table 1. Summary of GWAS and replication analyses

SNP Case Control Ptrend
a ORb (95% CI) Phet

c

AA AG GG AA AG GG

rs11543198
GWAS 16 140 375 283 1913 3385 6.22 × 1026 1.48 (1.25–1.75) 0.48
Replication 21 158 413 316 2382 4265 1.22 × 1024 1.36 (1.16–1.59)
Combinedd 4.03 × 1029 1.41 (1.26–1.59)

A total of 1131 bladder cancer cases and 12 545 controls were analyzed.
aP-value obtained from Cochrane–Armitage trend test.
bOdds ratios (OR) and confidence interval (CI) are calculated using the non-susceptible allele (A) as reference.
cThe P-values of heterogeneities across two stages were examined by using the Breslow–Day test.
dMeta-analysis of two stage was conducted by using a Cochran–Mantel–Haenszel test.

Table 2. Subgroup analysis stratified by gender and smoking status

SNP Case Control Ptrenda OR (95% CI) b Phetc

AA AG GG AA AG GG

rs11543198
Male 16 148 427 309 2220 3876 3.01 × 1028 1.58 (1.34–1.87) 0.07
Female 6 45 97 229 1697 3049 0.32 1.16 (0.86–1.55)
Smoker 11 95 294 295 2101 3714 8.63 × 1027 1.65 (1.34–1.87) 0.10
Nonsmoker 11 98 230 243 1816 3211 0.01 1.30 (0.86–1.55)
Male/smoker 10 90 281 218 1579 2816 1.63 × 1026 1.66 (1.35–2.04) 0.15
Male/nonsmoker 6 58 146 91 641 1060 3.24 × 1023 1.49 (1.14–1.95)
Female/smoker 1 5 13 77 522 898 0.54 1.29 (0.57–2.95)
Female/nonsmoker 5 40 84 152 1175 2151 0.47 1.12 (0.82–1.54)

A total of 739 bladder cancer cases and 11 380 controls were analyzed.
aP-value obtained from Cochrane–Armitage trend test.
bORs and CI are calculated using the non-susceptible allele (A) as reference.
cThe P-value of heterogeneities across four subgroups was examined by using the Breslow–Day test.
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DISCUSSION

Here, we reported the result of GWAS analysis using a total of
1131 Japanese bladder cancer cases and 12 558 controls. Our
data indicated that SNP rs11543198 on chromosome 15q24
was significantly associated with bladder cancer risk. SNP
rs11543198 is located within the CLK3 gene, which encodes a
serine/threonine protein kinase. CLK3 regulates localization of
SR family of splicing factors; however, its association with
human carcinogenesis was not reported so far. Although SNP
rs11543198 alters amino acid sequence of minor isoforms of
CLK3 (X1, X2, X5 and X6), this SNP does not affect amino
acid sequence of catalytic domain. Therefore, SNP rs11543198
is not likely to be a causative variation.

Imputation analysis of 29 SNPs in the 341-kb region including
this SNP locus suggested an SNP near the CYP1A2 gene to be a
causative candidate because of its stronger association than the
marker SNP rs11543198 as well as its biological relevance.
Interestingly, CYP1A2 belongs to the cytochrome P450 super-
family, members of which encode monooxygenases involved
in metabolism of various substrates including drugs and play
essential roles in the synthesis of cholesterol, steroids and
other lipids (23,24). CYP1A2, which is highly expressed in the
liver, is activated by the exposure to PAHs (25,26) and meta-
bolizes them. It is well know that CYP1A2 metabolizes hetero-
cyclic aromatic amines contained in tobacco smoke (27,28)
and generates carcinogenic intermediates (21,22). In addition,

genetic variations in the CYP1A2 locus are known to affect its
enzymatic activity (29,30). CYP1A2 activity exhibits a signifi-
cant degree of inter-individual diversity owing to both environ-
mental and genetic factors. Hence, associations of CYP1A2
variations with various cancers including bladder, breast, colo-
rectal and lung cancers have been repeatedly investigated, but
the results are controversial (31–34). Our first GWAS in the
Asian population revealed that CYP1A2 locus is significantly
associated with bladder cancer. Moreover, SNP rs11543198
showed the stronger effect on smokers compared with never-
smokers in both males and females. Considering the role of
CYP1A2 in the metabolism of tobacco-derived carcinogen,
our finding suggested the interesting gene-environmental inter-
action on the development of bladder cancer.

Among genes associated with bladder cancer in previously
reported GWAS, our analyses revealed that SNPs in the SLC14A1,
APOBEC3A-CBX6, PSCA and MYC loci were associated with
bladder cancer risk in the Japanese population (P , 0.05). Asso-
ciation of these four SNPs with bladder cancer was also reported
in the Chinese population (35,36). Thus, these variations are
common bladder cancer loci among the European and Asian
populations.

SLC14A1 functions as a urea transporter and regulates urine
concentration and body-fluid balance. Although the function
of SNP rs17674580 in SLC14A1 was not fully elucidated, our
previous analysis revealed that SLC14A1-SLC14A2 locus was
associated with blood urea nitrogen level (37). Thus, this genetic

Figure 2. Regional association plots around rs11543198 on 15q24 (1.4 Mb). Upper panel: P-values of genotyped SNPs (circle) and imputed SNPs (cross) are plotted
(as 2log10 P-value) against their physical position on chromosome 15 (NCBI Build 36). SNP rs11543198 is represented by purple circle. The genetic recombination
rates estimated from 1000 Genomes samples (JPT + CHB) are shown with a blue line. SNP’s color indicates LD with rs11543198 according to a scale from r2 ¼ 0 to 1
based on pair-wise r2-values from HapMap JPT. Lower panel; gene annotations from the University of California Santa Cruz genome browser.
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variation would be associated with the kidney function and urine
concentration and subsequently affect on the bladder cancer risk.
SNP rs1014971 on chromosome 22q13.1 is located �25 kb
centromeric to APOBEC3A. As APOBEC3A was expressed
only in peripheral blood leukocytes and spleen (38), the role of
this variation in the carcinogenesis of bladder cancer is not yet
clarified.

SNPs rs2294008 and rs9642880 are located on chromosome
8q24, and these loci are not in the same linkage disequilibrium
(LD) block. SNP rs9642880, which is located in the LD block
adjacent to MYC, a well-known oncogene, was shown to be
associated with MYC mRNA and protein expression (39). SNP
rs2294008 is associated with cell surface localization and
higher expression level of PSCA (40,41). PSCA, which is
up-regulated in various tumors including bladder cancer, was
shown to be involved in cell renewal and proliferation (42).
Therefore, the association of these SNPs with bladder cancer
risk can be explained by the growth promoting effect of MYC
and cell surface PSCA.

Taken together, we here demonstrated the important roles
of genetic factors on the development of bladder cancer. Par-
ticularly, the stronger effect of rs11543198 on smokers is very
important because it implies a possibility that a small change in
the life style, quitting or avoiding smoking, may contribute to
the improvement of individuals carrying the risk genotype. Al-
though further prospective analysis is necessary, we hope that
our finding would further emphasize the significance of tobacco
control.

MATERIALS AND METHODS

Study population

Characteristics of each cohort are shown in Supplementary
Material, Table S1. In this study, we conducted GWAS and rep-
lication analyses using a total of 1131 bladder cancer cases and
12 558 controls. Case samples in GWAS and replication were
obtained from a collaboration network consisting of Iwate
Medical University, Okayama University, Kochi Medical
School, Kyoto Prefectural University of Medicine, Kanazawa
University, Yamagata University, University of Tsukuba,
Nagoya City University, Gifu University, Kagoshima Univer-
sity and Ehime University. Control samples in GWAS and rep-
lication consisted of healthy volunteers (n ¼ 1919) and
subjects with other diseases (n ¼ 10 639, cerebral aneurysm,
chronic obstructive pulmonary disease, glaucoma, nephro-
lithiasis, nephrotic syndrome, epilepsy, atopic dermatitis and
Grave’s disease) obtained from Biobank Japan Project sup-
ported by the Ministry of Education, Culture, Sports, Science
and Technology of Japan. In the BioBank Japan Project,
DNA and serum of patients were collected through a collabor-
ating network of 66 hospitals throughout Japan. More than 200
000 individuals with 47 common diseases, irrespective of prior
treatment, were enrolled in this project from 2003. A list of par-
ticipating hospitals is provided at the BioBank Japan website
(http://www.biobankjp.org/english/index.html). Subjects with
a history of any cancers were excluded from controls. Smoking
information of both cases and controls was obtained by oral
interview. This project was approved by the ethical committees
at each institute.T
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SNP genotyping

Genomic DNA was extracted from peripheral blood leukocytes
or normal tissue using a standard method. In GWAS, we geno-
typed 539 bladder cancer cases and 5769 non-cancer controls
(cerebral aneurysm, primary sclerosing cholangitis, chronic ob-
structive pulmonary disease, glaucoma and healthy volunteers)
using Human OmniExpress and HumanExome (Supplementary
Material, Fig. S1). A total of 951 117 SNPs including 925 436
autosomal SNPs were genotyped by both platforms. Among
the 925 436 autosomal SNPs, 223 273 SNPs were monomorphic
in our case–controls sample set. We excluded the following
samples from analysis: closely related samples, gender mis-
match and subjects whose ancestries were estimated to be dis-
tinct from East-Asian populations using principle component
analysis. Then, we applied SNP quality control as follows: call
rate ≥0.99 in case and control samples, minor allele frequency
(MAF) of ,0.01 and P-value of Hardy–Weinberg Equilibrium
in control group ≥1 × 1026. Consequently, 554 389 SNPs on
autosomal chromosomes passed the quality control filters. Among
82 SNPs showing P , 5 × 1025, we selected 64 SNPs by linkage
disequilibrium analysis with the criteria of pair-wise r2 of .0.8. In
the replication analysis, we genotyped 64 SNPs in 592 bladder
cancer cases by using multiplex PCR-based Invader assay (Third
Wave Technologies). A total of6964 non-cancer controls (nephro-
lithiasis, epilepsy, atrophic dermatitis and Grave’s disease) from
Biobank Japan were genotyped by Human OmniExpress exome
beadchip.

Statistical analysis

The association of SNPs with bladder cancer risk was tested by
Cochran–Armitage trend test. To characterize population struc-
ture in the GWAS cohort, we performed principal component
analysis (43). In the GWAS, the genetic inflation factor l was
derived by P-values obtained by Cochran–Armitage trend test
for all the tested SNPs. The quantile–quantile plot was drawn
using R program. The ORs were calculated using the non-
susceptible allele as references, unless it was stated otherwise.
The combined analysis of GWAS and replication stage was veri-
fied by conducting the Mantel–Haenszel method. Heterogeneity
across two stages was examined by using the Breslow–Day test
(44). We considered P ¼ 5 × 1028 (GWAS and meta-analysis)
and 8.33 × 1024 (0.05/59, replication analysis) as the significant
threshold after Bonferroni correction for multiple testing.

Replication analysis in Europeans

Genotypes of rs8041357 in 3508 bladder cancer cases and 5101
controls of European ancestry were extracted from the previous
GWAS data set (17). Each participating study obtained informed
consent from study participants and approval from its respective
Institutional Review Board for this study. Genome-wide genotyp-
ing was conducted using HumanHap 1M or HumanHap610-Quad
BeadCHIP (Supplementary Material, Table S1). Genotypes of
rs8041357 were in Hardy–Weinberg equilibrium in controls
(P . 0.05). Association was evaluated for an additive model
adjusting for age, sex, smoking status (ever/never), study sites
and significant EVs as in the original GWAS (17). Owing to
low allele frequency for allele G (3.7%), we also analyzed the

results using a recessive genetic model, evaluating the effect in
risk homozygotes (AA) versus a combined group of rare homo-
zygotes (GG) and heterozygotes (AG), adjusting for the same
covariates.

Imputation analysis

Imputation of ungenotyped SNPs was conducted by MACH (45)
and minimac (46) using data of JPT/CHS/CHD subjects
from 1000 genome project phase 1 (release 16 March 2012) as
a reference. We excluded SNPs that met the following criteria:
MAF , 0.01, Hardy–Weinberg Equilibrium P-value , 1 ×
1026 or large allele frequency difference between reference
panel and GWAS (.0.16).

Software

For general statistical analysis,we employed R statistical environ-
ment version 2.9.1 (cran.r-project.org). The Haploview software
version 4.2 (47) was used to draw Manhattan plot. Primer3-
webv0.3.0 (http://frodo.wi.mit.edu) web tool was used to design
primers. MACH (45) (http://www.sph.umich.edu/csg/abecasis/
MACH/), minimac (46) (http://genome.sph.umich.edu/wiki/
Minimac) and mach2dat (http://genome.sph.umich.edu/wiki/Ma
ch2dat:_Association_with_MACH_output) were used for imput-
ation analysis.

SUPPLEMENTARY MATERIAL

Supplementary Material is available at HMG online.
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