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A recent genome-wide association study has identified five new
genetic variants for prostate cancer susceptibility in a Japanese
population, but it is unknown whether these newly identified var-

iants are associated with prostate cancer risk in other populations,
including Chinese men. We genotyped these five variants
in a case–control study of 1524 patients diagnosed with prostate
cancer and 2169 control subjects from the Chinese Consortium
for Prostate Cancer Genetics (ChinaPCa). We found that three
of the five genetic variants were associated with prostate cancer
risk (P 5 4.33 3 1028 for rs12653946 at 5p15, 4.43 3 1025 for
rs339331 at 6q22 and 8.42 3 1024 for rs9600079 at 13q22, re-
spectively). A cumulative effect was observed in a dose-depen-
dent manner with increasing numbers of risk variant alleles
(Ptrend 5 2.58 3 10213), and men with 5–6 risk alleles had a 2-
fold higher risk of prostate cancer than men with 0–2 risk alleles
(odds ratio 5 2.26, 95% confidence interval 5 1.78–2.87). Fur-
thermore, rs339331 T allele was significantly associated with
RFX6 and GPRC6A higher messenger RNA expression, com-
pared with the C allele. However, none of the variants was asso-
ciated with clinical stage, Gleason score or family history. These
results provide further evidence that the risk loci identified in
Japanese men also contribute to prostate cancer susceptibility in
Chinese men.

Introduction

Prostate cancer is the most frequently diagnosed cancer and the
second leading cause of cancer deaths in most Western counties, with
an estimated 217 730 new cases and 32 050 deaths in 2010 in the
USA alone (1). The incidence rates of prostate cancer vary substan-
tially worldwide, with a much higher incidence observed in the West-
ern world than in Asian countries (2). Although prostate cancer
incidence in China is still low, it is increasing rapidly in recent years
(3).

The three well-established risk factors for prostate cancer are age,
race and family history (4), although recent genome-wide association
studies (GWAS) mostly in Caucasian populations have identified over
30 risk-conferring loci, providing strong support for a genetic com-
ponent for this disease (5–7). However, the effect of these variants
identified in Caucasians on prostate cancer risk in the Chinese
populations is largely unknown.

Recently, Takata et al. (8) conducted a GWAS in a Japanese pop-
ulation (4584 men with prostate cancer and 8801 controls) and iden-
tified five new loci for prostate cancer susceptibility at 2p24
(rs13385191 in intron 6 of C2orf43), 5p15 (rs12653946), 6p21
(rs1983891 in FOXP4), 6q22 (rs339331 in intron 4 of RFX6)
and 13q22 (rs9600079); none of these regions has been previously
associated with prostate carcinogenesis. Meta-analyses and other pre-
vious GWAS for prostate cancer did not identify these five loci in
European populations (9,10), suggesting that these risk loci may be
specific to Asian populations.

In the present study, we assessed the association between the five
genetic variants identified by Takata et al. in a large case–control
study in a Chinese population. We further evaluated the potential
effect of these genetic variants on clinical stage, Gleason score, and
family history of prostate cancer.

Materials and methods

Study subjects

This study consisted of 1524 prostate cancer patients and 2169 cancer-free
controls, who are part of a part of the Chinese Consortium for Prostate Cancer
Genetics (ChinaPCa; http://www.chinapca.org) that was established in July
2009. Most of the subjects included in this study were described previously
(11–14). Briefly, all cases in ChinaPCa were histologically confirmed prostate

Abbreviations: CI, confidence intervals; GWAS, genome-wide association
study; OR, odds ratio; SNP, single-nucleotide polymorphism.
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cancer subjects recruited from nine hospitals or universities in the Southern and
Eastern parts of China, including Shanghai Cancer Institute, Huashan Hospital,
Suzhou Municipal Hospital, Changhai Hospital, Xinhua Hospital, Guangxi
Medical University, Ninth People’s Hospital, Sun Yat-sen University,
Pudong Gongli Hospital, Fudan University and the First Affiliated Hospital
of Nanjing Medical University. According to the international tumor-node-
metastasis staging system for prostate cancer, the clinical stage was clas-
sified into localized and aggressive stage (localized: T1–2N0M0; aggressive:
T3–4NxMx or TxN1Mx or TxNxM1). Pathologic grade was recorded as the
Gleason score. Control subjects are men without a history of prostate can-
cer randomly selected from a community in Shanghai, Taizhou and Nanjing
and Jiangsu Province of China. Controls were excluded if they had an
abnormal prostate-specific antigen level (�4.0 ng/ml) or abnormal positive
digital rectal examination.

At recruitment, study participants were interviewed to confirm age and
ascertain information on family history of cancer (defined as cancer in first-
degree relatives of parents, siblings or children) and epidemiologic risk factors.
After interview, venous blood sample was collected from each subject, from
which genomic DNAs were extracted using the QIAamp DNA mini kit
(Qiagen). This study was approved by the Institutional Review Boards at
Fudan University, Nanjing Medical University, Shanghai Cancer Institute,
US National Cancer Institute and each participating hospital.

Single-nucleotide polymorphism selection and genotyping

We selected five genetic variants that have been previously been identified to
be associated with prostate cancer in Japanese men (8) for genotyping. Two
assay platforms were used for genotyping. For 825 cases and 1379 controls
included in the study, genotyping was done on the MassARRAY iPLEX
(Sequenom, San Diego, CA) platform through the use of an allele-specific
matrix-assisted laser desorption/ionization time-of-flight mass spectrometry
assay. For quality control, duplicates from two subjects (as positive controls
and for calculating concordance) and two water samples (as negative controls)
were included in each 96-well plate; the overall concordance rate was 99% for
these five variants among the 58 duplicate samples. The remaining 699 cases
and 790 controls (all from Nanjing Medical University) were genotyped using
the TaqMan allelic discrimination assay on the 7900HT Real-time PCR System
(Applied Biosystems, Foster City, CA); the sequences of primer and probe for
each SNP are available on request. For quality control, �5% of the samples
were randomly selected for duplicate assays; there was 100% concordant. For
both assays platforms, technicians who performed the genotyping were blinded
to the case–control status of all subjects. About 5% samples were cross-
validated by our two platforms, and the concordant was 100%. Furthermore,
the results of these SNPs in additive model did not show significant difference
in these two genotyping platforms.

Real-time reverse transcription–polymerase chain reaction

Because rs339331 at 6q22 was located in the regions of RFX6 and GPRC6A,
we further examined the correlation between rs339331 and the expressions of
these two genes. Thirty-four prostate cancer tissues were obtained from
patients after prostatectomy. RNA from the tissues with different genotypes
was extracted by using the Trizol Reagent (Invitrogen, USA).Total RNA was
measured by quantitative real-time reverse transcription–polymerase chain re-
action. The primers used for amplification are shown in Supplementary Table I,
available at Carcinogenesis Online. GAPDH gene was used as an internal
quantitative control, and each assay was done in triplicate.

Statistical methods

Hardy–Weinberg equilibrium of the genotype distribution among controls was
tested by a goodness-of-fit chi-square test. Unconditional logistic regression
analysis was done to estimate odds ratios (ORs) and their respective 95%
confidence intervals (CIs) for risk variants in relation to risk of prostate cancer;
variants were assessed in both categorical (heterozygous and homozygous
minor allele in relation to homozygous major allele) and additive models
(linearly according to 0, 1 or 2 risk alleles). Bonferroni correction for multiple
testing was also applied. Linkage disequilibrium was calculated using the
Haploview 4.2 software (15), by determining D# and r2 values. For SNPs that
were significant in the main effects analysis, we assessed the cumulative effects
of the significant risk loci on prostate cancer, by first summarizing the three
SNPs by counting the number of risk alleles in each subject and modeling the
summary variable categorically (0–2 as reference, 3, 4 and 5–6) in uncondi-
tional logistic regression analysis. Because the cumulative effects on individual
SNP could induce a positive bias (16), a permutation method with 10 000 times
was used to correct the potential bias. In addition, for cases, we assessed the
association of the significant risk variants with pathological characteristics
including clinical stage (localized and aggressive tumors), Gleason score
(,7 and �7) and family history (no and yes). A linear regression model
adjusted for age was used to assess the correlation between genotypes (in-

dependent variable, coded as 0, 1 or 2) and gene messenger RNA expression
levels. All analyses were performed using the Statistical Analysis System
(SAS) software (version 9.2; SAS Institute, Cary, NC). All statistical tests were
two sided.

Results

A total of 1524 prostate cancer patients and 2169 controls were in-
cluded in this study. As shown in Table I, the mean age was 71.7 years
old for patients and 68.6 years old for controls. The median prostate-
specific antigen level among cases was 31.9 ng/ml. Cases were more
likely to have family members with cancer than controls (20.9 versus
12.9%, P , 0.001). Among cases, 68.5% of the cases had Gleason
score .7 (n 5 835). The allele frequencies of five genetic variants
among cases and controls and their association with prostate cancer
risk are shown in Table II. The observed genotype frequency among
the control subjects was in agreement with the Hardy–Weinberg equi-
librium, except for one SNP (rs13385191). Significant differences of
allele distributions between cases and controls were observed
for three of the five SNPs (rs12653946, rs339331 and rs9600079,
P 5 4.33 � 10�8, 4.43 � 10�5 and 8.42 � 10�4, respectively), which
remained significant after Bonferroni correction (P 5 2.17 � 10�7,
2.21 � 10�4 and 4.21 � 10�3, respectively). No significant associa-
tion was found for rs13385191 or rs1983891 (P 5 0.481 and 0.842,
respectively). Furthermore, results were similar after additional
adjustment for age and family history of cancer.

The linkage disequilibrium analysis revealed that these five SNPs
were in weak linkage disequilibrium (all r2 5 0.00 for each pair of the
loci). We further investigated the cumulative effects of the three sig-
nificant loci (rs12653946, rs339331 and rs9600079). As shown in
Table III, individuals with multiple risk alleles had a higher risk of

Table I. Clinical and demographic characteristics of subjects

Variables Cases (n 5 1524) Controls (n 5 2169)

N % N %

Age (mean years ± SD) 71.7 ± 7.6 68.6 ± 6.6
Family history

No 797 79.1 1804 87.1
Yes 210 20.9 267 12.9

PSA (ng/ml; mean ± SD) 90.9 ± 331.0 1.5 ± 2.1
Missing data 179 737

T-stage
No. of subjects 1254 NA
T0 3 0.2
T1 253 20.2
T2 498 39.7
T3 367 29.3
T4 83 6.6
Tx 50 4.0
Missing data 270

N-stage
No. of subjects 1253 NA
N0 810 64.6
N1 297 23.7
Nx 146 11.7
Missing data 271

M-stage
No. of subjects 1240 NA
M0 794 64.0
M1 426 34.4
Mx 20 1.6
Missing data 284

Gleason score
No. of subjects 1219 NA
,7 384 31.5
�7 835 68.5
Missing data 305

PSA, prostate-specific antigen.
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prostate cancer, compared with those with 0–2 risk alleles of the three
variants, with a dose-dependent manner with increasing numbers of
risk variant alleles conferring increasing risk (Ptrend 5 2.58 � 10�13).
Specifically, compared with patients with 0–2 risk alleles, patients
carrying 3, 4 or 5–6 risk alleles had ORs of 1.43 (95% CI 5 1.21–
1.69), 1.62 (95% CI 5 1.35–1.94) or 2.26 (95% CI 5 1.78–2.87),
respectively. These permutation-adjusted OR showed the similar re-
sults. In addition, we assessed the cumulative effects of all the five loci
(rs13385191, rs12653946, rs1983891, rs339331 and rs9600079) and
found that individuals multiple risk alleles also had an increased risk
of prostate cancer (Ptrend 5 5.51 � 10�10).

The association between the three risk variants (rs12653946,
rs339331 and rs9600079) and prostate cancer stratified by clinical
stage (aggressive versus localized), Gleason score (�7 versus ,7)
and family history of cancer (yes versus no) was further evaluated
among cases. As shown in Table IV, none of the three genetic variants
were significantly associated with the clinical stage, Gleason score
and family of history of cancer among cases. Furthermore, no asso-
ciation with these clinical variables was found when multiple variants
associated with prostate cancer were considered simultaneously (data
not shown).

We assessed rs339331 in RFX6 and GPRC6A genes expression in
34 prostate cancer tissues using quantitative real-time reverse tran-
scription–polymerase chain reaction. A significant association be-
tween rs339331 and RFX6 expression was observed (P 5 0.013).
Similarly, rs339331 was significantly associated with the expression
of GPRC6A in this study (P 5 0.024) (Figure 1).

Discussion

In this large study among Chinese men, we found that three
(rs12653946, rs339331 and rs9600079) of the five genetic variants

reported in Japanese men were also associated with prostate cancer
risk in Chinese men. Furthermore, there seems to be a cumulative
effect of the three significant genetic variants with increasing risk in
a dose-dependent fashion.

In this study, rs12653946 was the most significant prostate cancer
susceptibility locus for Chinese men, which is consistent with the
GWAS findings in Japanese men (8). Both this variant and
rs9600079 on 13q22 are located in regions with no known genes,
similar to the genetic variants reported in other GWAS of Caucasian
populations (17).

A third locus found to be significantly associated with prostate
cancer risk in our Chinese population was rs339331 at 6q22, which
was mapped in the region including two genes, RFX6 and GPRC6A.
RFX6 is a member of the regulatory factor X family of transcription
factors, which has been shown to be primarily expressed in pancreas
and with a lower expression in the liver, prostate and other tissues
(18). The function of the RFX6 in the prostate is unknown, although it
has been shown that mutations of this gene have a deleterious effect
on the development of the pancreas (19). GPRC6A is a member of the
G protein-coupled receptors family C, which is broadly expressed in
many tissues and organs, including the testis (20–22). Pi et al. (23)
showed that Gprc6a-null mice had altered levels of circulating tes-
tosterone and estrogen, which led to feminization of male mice, hy-
perglycemia among other phenotypes. We have also provided in vivo
evidence that rs339331 was associated with RFX6 and GPRC6A mes-
senger RNA expression, suggesting that a plausible relationship be-
tween rs339331 and prostate cancer.

In the present study, we found no evidence for an association of
genetic variants with the aggressive stage, high Gleason score and
family history of cancer. In the GWAS in Japanese men, none of
the loci was found to be associated with the risk of aggressive prostate

Table II. Association of five previously identified SNPs with prostate cancer in a Chinese population

SNP ID Regiona Locationb Allele
(major/minor)

Risk
allele

Minor allele
frequency

PHWE
c OR

(95% CI)d
Pe Pf

Cases Controls Heterozygous Homozygous Additive model

rs13385191 2p24 20751746 G/A A 0.442 0.433 0.003 1.08
(0.93–1.25)

1.02
(0.85–1.23)

1.03
(0.94–1.13)

0.48

rs12653946 5p15 1948829 C/T T 0.481 0.354 0.321 1.30
(1.12–1.50)

1.70
(1.39–2.07)

1.30
(1.19–1.43)

4.33 � 10�8 2.17 � 10�7

rs1983891 6p21 41644405 C/T C 0.323 0.325 0.459 1.00
(0.87–1.15)

0.88
(0.70–1.11)

0.99
(0.90–1.09)

0.84

rs339331 6q22 117316745 T/C T 0.311 0.358 0.385 0.88
(0.77–1.01)

0.68
(0.54–0.85)

0.81
(0.74–0.90)

4.43 � 10�5 2.21 � 10�4

rs9600079 13q22 72626140 G/T T 0.485 0.445 0.778 1.25
(1.08–1.46)

1.31
(1.08–1.58)

1.18
(1.07–1.30)

8.42 � 10�4 4.21 � 10�3

aRelative to SNP position.
bBased on the NCBI database, build 36.
cHardy–Weinberg equilibrium (HWE) among control subjects.
dReference genotype or allele is major homozygote or allele.
eAdditive model.
fAfter Bonferroni correction.

Table III. Cumulative effect of the three risk loci on the risk of prostate cancer

No. of risk allelesa Cases Controls OR (95% CI) P OR (95% CI)b

N % N %

0–2 404 27.9 787 38.4 1.00 (reference) 1.00 (reference)
3 459 31.7 626 30.5 1.43 (1.21–1.69) 3.95 � 10�5 1.42 (1.21–1.68)
4 390 26.9 469 22.9 1.62 (1.35–1.94) 1.52 � 10�7 1.62 (1.35–1.94)
5–6 196 13.5 169 8.2 2.26 (1.78–2.87) 1.98 � 10�11 2.26 (1.78–2.87)
Ptrend 2.58 � 10�13

aRisk alleles included rs12653946 T, rs339331 T and rs9600079 T alleles.
bBased on 10 000 permutations.
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cancer either (8). In previous GWAS of European populations, none of
the nearly 30 reported loci was consistently associated with aggres-
sive prostate cancer, though some studies have reported stronger ef-
fects in more aggressive as compared with less aggressive tumors
(24–26). Therefore, another approach or more genetic variants are
needed to search for genetic markers in clinical utility (7,27).

In our study, we found that three of significant variants
(rs12653946, rs339331 and rs9600079) had risk estimates in the same
direction as that reported for Japanese men, and three significant
variants were associated with a range of ORs of 1.03–1.30, which
had a strong cumulative association with prostate cancer risk with
the increasing risk alleles. In the study by Takata et al. (8), the effect
sizes of each variant were in the range of ORs of 1.11–1.31, which
showed a moderate association with prostate cancer risk. Men who
carried 5–6 risk alleles had a 2.19-fold increased risk of developing
prostate cancer compared with those who carrying 0–2 risk alleles,
indicating the importance of the combined effects from independent
risk loci in prostate carcinogenesis. However, the use of cumulative
effects on these SNPs has to be confirmed in a prospective study
before it could be used for the prostate cancer risk assessment.

Unlike the Japanese study, we did not observe any association
between two genetic variants, rs13385191 and rs1983891 and the risk
of prostate cancer. There are several possible reasons for our discrep-
ant findings. First, the current sample size could have insufficient
power to detect the modest effect sizes since many GWAS risk var-
iants were found only after pooling several large GWAS. Second,
different environmental exposures may affect the degree to which
genes are activated and thereby modulating the extent of the associ-
ation. Future studies with larger sample sizes and more detailed en-
vironmental exposure are needed to confirm this observation.

In conclusion, our study confirmed that three of the risk loci iden-
tified in Japanese men (rs12653946 at 5p15, rs339331 at 6q22 and
rs9600079 at 13q22 but not rs13385191 at 2p24 and rs1983891 at
6p21) also affect susceptibility to prostate cancer in Chinese men.

These findings provide new insights into prostate cancer etiology,
the causal variants/genes associated with these risk regions need to be
characterized further fine-mapping and functional studies.

Supplementary material

Supplementary Table I can be found at http://carcin.oxfordjournals.
org/
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