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Abstract
Background: A recent genome-wide association study (GWAS) of prostate cancer in a Japanese population
identified five novel regions not previously discovered in other ethnicities. In this study, we attempt to replicate
these five loci in a series of nested prostate cancer case–control studies of European ancestry.
Methods: We genotyped five single-nucleotide polymorphism (SNP): rs13385191 (chromosome 2p24),
rs12653946 (5p15), rs1983891 (6p21), rs339331 (6p22), and rs9600079 (13q22), in 7,956 prostate cancer cases and
8,148 controls from a series of nested case–control studies within the National cancer Institute Breast and
Prostate Cancer Cohort Consortium (BPC3). We tested each SNP for association with prostate cancer risk and
assessed whether associations differed with respect to disease severity and age of onset.
Results: Four SNPs (rs13385191, rs12653946, rs1983891, and rs339331) were significantly associated with
prostate cancer risk (P values ranging from 0.01 to 1.1  105). Allele frequencies and ORs were overall lower in
our population of European descent than in the discovery Asian population. SNP rs13385191 (C2orf43) was
only associated with low-stage disease (P ¼ 0.009, case-only test). No other SNP showed association with
disease severity or age of onset. We did not replicate the 13q22 SNP, rs9600079 (P ¼ 0.62).
Conclusions: Four SNPs associated with prostate cancer risk in an Asian population are also associated with
prostate cancer risk in men of European descent.
Impact: This study illustrates the importance of evaluation of prostate cancer risk markers across ethnic
groups. Cancer Epidemiol Biomarkers Prev; 21(1); 212–16. 2011 AACR.

Introduction
Ethnicity is a well-established but poorly understood
risk factor for prostate cancer. African-American men
experience the highest risk, followed by European and
Asian men (1). The difference in incidence across ethnicities has been attributed to both genetic and lifestyle
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factors, but the specific underlying mechanisms are
unknown.
Genome-wide association studies (GWAS) have identified multiple common genetic variants associated with
prostate cancer risk. However, current GWAS of prostate
cancer have predominantly been conducted in European
populations and to date, only two GWAS have been
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completed in non-European ethnicities. Takata and colleagues conducted a GWAS in a Japanese population and
identified 5 novel loci with allele frequencies ranging
between 0.36 and 0.44 (2). Haiman and colleagues carried
out a GWAS in an African-American population and
identified a novel locus at chromosome 17q21 (3). The
prevalence of the risk allele was 5% in men of African
descent, but rare in other populations (<1%), possibly
explaining some of the differences in risk between
ethnicities.
Attempts to generalize known genetic associations
across ethnicities have had mixed results. Of 31 loci
reported in Europeans, 19 were replicated (P  0.05) in
an Asian study of 4,584 prostate cancer cases and 8,801
controls (2). Using the same significance level, an AfricanAmerican prostate cancer case–control study of 3,425
prostate cancer cases and 3,290 controls replicated about
half of 49 risk variants identified in men of European and
Asian descent (4). These results highlight genetic differences across ancestral populations and call for further
investigation.
The aim of this study is to assess 5 prostate cancer
single-nucleotide polymorphism (SNP) identified in men
of Asian descent in a series of nested case–control studies
within the National cancer Institute (NCI) Breast and
Prostate Cancer Cohort Consortium (BPC3) including a
total of 7,956 prostate cancer cases and 8,148 controls, of
European ancestry. We also investigated whether the
associations differed with disease severity and age of
onset.

Materials and Methods
Study population
The BPC3 has been described in detail elsewhere (5). In
brief, the consortium combines resources from 8 wellestablished cohort studies with blood samples collected as
follows: the Alpha-Tocopherol, Beta-Carotene Cancer
Prevention (ATBC) Study (6), American Cancer Society
Cancer Prevention Study II (CPS-II; ref. 7), the European
Prospective Investigation into Cancer and Nutrition
Cohort (EPIC–-composed of cohorts from Denmark, Great
Britain, Germany, Greece, Italy, the Netherlands, Spain,
and Sweden; ref. 8), the Health Professionals Follow-up
Study (HPFS; ref. 9), the Multiethnic Cohort (MEC; ref. 10),
the Melbourne Collaborative Cohort Study (MCCS;
ref. 11), the Physicians’ Health Study (PHS; ref. 12), and
the Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial (13). Together, these 8 cohorts collectively include more than 265,000 men who provided a
blood sample. The current study was restricted to individuals who self-reported as being Caucasian. We had
genotype data for a total of 7,956 prostate cancer cases and
8,148 controls; ATBC (862 cases and 742 controls), CPS-II
(1,765 cases and 1,998 controls), EPIC (938 cases and 1,248
controls), HPFS (1,285 cases and 1,249 controls), MEC (666
cases and 735 controls), PHS (1,366 cases and 1,281 controls), and PLCO (1,074 cases and 895 controls).
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Prostate cancer cases were identified through population-based cancer registries or self-reports confirmed by
medical records, including pathology reports. BPC3 consists of a series of matched nested case–control studies
within each cohort; controls were matched to cases on a
number of potential confounding factors, such as age,
ethnicity, and region of recruitment, depending on the
cohort. Informed consent was obtained from all subjects,
and each study was approved by the Institutional Review
Boards at their respective institutions. Data on disease
stage and grade at time of diagnosis were collected from
each cohort, wherever possible. A total of 1,254 cases were
classified as high-stage (defined as stage C or D at diagnosis) and 985 cases were classified as high-grade (defined
as Gleason grade 8 or equivalent, i.e., coded as poorly
differentiated).
SNP selection and genotyping
We genotyped 5 SNPs identified by Takata and colleagues (rs13385191, rs12653946, rs1983891, rs339331, and
rs9600079). For rs1983891, we genotyped either
rs1983891or a surrogate rs9381080 (r2 ¼ 1.00 in HapMap
CEU population and r2 ¼ 0.93 in HapMap JPT þ CHB
population).
Genotyping was conducted using the TaqMan assay
(Applied Biosystems) in 4 different genotyping laboratories: Core Genotyping Facility at National Cancer Institute
(Bethesda, MD), Harvard School of Public Health (Boston,
MA), University of South California (Los Angeles, CA),
and DKFZ (Heidelberg, Germany). Average success rate
was 0.97 (0.92–1.00). Blinded duplicated samples indicated high reproducibility (100%). For each SNP and study,
we tested for fitness for Hardy–Weinberg equilibrium
proportion, commonly referred to as Hardy–Weinberg
equilibrium (HWE) in the controls. The rs1983891 did not
conform to HWE in MEC (P ¼ 0.002) and PHS (P ¼ 0.001).
We reviewed the cluster plots for rs1983891 in MEC and
PHS and as these were satisfactory, the genotype data for
those cohorts were included in the analysis. All other
SNPs were in HWE (P > 0.01).
Statistical methods
We tested the association between prostate cancer risk
and each SNP with a likelihood ratio test based on unconditional logistic regression. We adjusted all analyses for
study and age at diagnosis or selection as a control (in
5-year intervals) using indicator variables. All ORs are
calculated per copy of minor allele (0, 1, 2) carried. For
each SNP, we used Cochran Q statistic to test for heterogeneity between studies. To estimate ORs for high- or lowgrade diseases, we conducted multinomial regression
with an outcome variable coded as 0 (control), 1 (lowgrade), or 2 (high-grade). To test for differential SNP
associations between low- and high-grade diseases, we
used a likelihood ratio test on the basis of the case-only
analysis. We repeated these analyses for high/low-stage
disease. We tested for interaction between SNPs and age
of onset ( 65 years/>65 years) by conducting a one
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0.011
1.12  105
2.48  104
0.0019
0.62
1.07 (1.02–1.12)
1.10 (1.06–1.16)
1.09 (1.04–1.15)
0.93 (0.88–0.97)
1.01 (0.97–1.06)
0.558b
0.443
0.410
0.366
0.382
8,017 (0.243)
7,974 (0.423)
8,036 (0.277)
8,030 (0.291)
8,017 (0.446)
ORs per minor allele.
'A' was the minor allele in the study of Takata and colleagues.
c
ORs per 'G' allele.
d
MAF - Minor Allele Frequency.
b

a

2p24
5p15
6p21
6p22
13q22

FOXP4
GPRC6A/RFX6

A/G
C/T
C/T
T/C
G/T
C2orf43

7,808 (0.256)
7,777 (0.449)
7,838 (0.296)
7,824 (0.276)
7,803 (0.449)

P
ORa (95% CI)—BPC3
MAF controls
(Takata and
colleagues)
No. of controls
(MAF)
No. of cases
(MAFd)
Major allele/
minor allele
Gene

rs13385191
rs12653946
rs1983891
rs339331
rs9600079

In this study, 5 SNPs identified in a GWAS of prostate
cancer among men of Asian descent were assessed in a
series of nested case–control studies of men with European descent. We replicated 4 SNPs: rs13385191,
rs12653946, rs1983891, and rs339331 at P < 0.05. All associations were in the same direction as observed in the

Chr

Discussion

SNP

For all association tests between SNP and prostate
cancer risk, we observed no evidence of heterogeneity
among studies (all P  0.01, data not shown). Compared
with the Japanese study, all SNPs except the 13q22 SNP
rs9600079 were less common in our population of European descent [average difference in minor allele frequency (MAF): 0.096; Table 1]. We replicated 4 of the 5 SNPs
at the 0.05 significance level (Table 1). All associations
were in the same direction as in the Japanese study;
however, the allele-specific ORs were lower in our population, possibly reflecting the "winners curse." In agreement with the Japanese GWAS, we observed the strongest
association for rs12653946, with an allele-specific OR
in BPC3 of 1.10 [95% confidence interval (CI), 1.06–1.16,
P ¼ 1.12  105], compared with the Japanese GWAS
(OR, 1.26; 95% CI, 1.20–1.33). The only SNP not associated
with prostate cancer risk in BPC3 was 13q22 SNP
rs9600079 (P ¼ 0.62).
In agreement with the Japanese report, associations
generally did not differ with Gleason grade or tumor
stage (Table 2). SNP rs13385191 (C2orf43) was only associated with low-stage disease (P ¼ 0.009, case-only test).
However, as these analyses are of exploratory nature, we
cannot rule out chance findings. There were no significant
interactions with age of onset (Table 3), and restricting to
young cases (<60 years, n ¼ 705) did not alter the results
(data not shown). SNP rs1983891 showed strong evidence
of departure from an additive inheritance (P ¼ 3.6  104)
and instead conformed to a dominant inheritance model
(OR, 1.19; 95% CI. 1.11–1.27 for C/T carriers and OR, 1.07;
95% CI, 0.96–1.20 for T/T carriers). No other SNP showed
evidence of departure from additivity (P ¼ 0.06–0.51).

Table 1. Association between SNPs identiﬁed in the Asian GWAS (2) and prostate cancer risk in BPC3

Results

OR
(Takata and
colleagues)

degree-of-freedom likelihood ratio test of a single interaction term (SNP  age) as implemented in unconditional
logistic regression. We tested for dominance deviation
from an additive model by including an additional SNP
covariate coded as (0, 1, 0) for (homozygote common
allele, heterozygote, homozygote rare allele), respectively.
On the basis of unconditional regression, we conducted a
one degree-of-freedom likelihood ratio test where the full
model [with two SNP covariates coded as (0, 1, 0) and (0, 1,
2)] was tested against a model only including the SNP
covariate with additive coding (0, 1, 2) as described above.
All reported P values are two-sided and uncorrected for
multiple hypothesis testing. Analyses were conducted in
R (14), Quanto (15), and SAS version 9.1.

1.15c
1.26
1.15
0.82
1.18

€ m et al.
Lindstro

Cancer Epidemiology, Biomarkers & Prevention

Downloaded from cebp.aacrjournals.org on January 19, 2022. © 2012 American Association for Cancer Research.

Published OnlineFirst November 4, 2011; DOI: 10.1158/1055-9965.EPI-11-0870-T

Association of Prostate Cancer Loci across Ethnicities

Table 2. Association with Gleason grade and tumor stage
SNP

Gleason < 8
(n ¼ 5,884)

Gleason 8–10
(n ¼ 985)

P
(case-only)

Stage AB
(n ¼ 5,409)

Stage CD
(n ¼ 1,254)

P
(case-only)

rs13385191
rs12653946
rs1983891
rs339331
rs9600079

1.08 (1.03–1.15)
1.09 (1.04–1.14)
1.09 (1.03–1.15)
0.94 (0.89–0.99)
1.01 (0.96–1.06)

1.04 (0.93–1.15)
1.14 (1.04–1.26)
1.15 (1.04–1.28)
0.89 (0.80–0.99)
0.96 (0.87–1.06)

0.69
0.23
0.17
0.35
0.33

1.09 (1.03–1.15)
1.12 (1.06–1.17)
1.11 (1.05–1.17)
0.92 (0.87–0.97)
1.01 (0.96–1.07)

0.96 (0.87–1.06)
1.08 (0.99–1.18)
1.06 (0.96–1.16)
0.92 (0.84–1.02)
0.96 (0.88–1.04)

0.009
0.58
0.42
0.90
0.19

Japanese population but MAFs were in general lower in
our study population of European descent.
The association with rs9600079, an SNP located in a
gene desert on chromosome 13q22 did not replicate. Using
HapMap3 data, we compared the linkage disequilibrium
(LD) pattern in European Americans (CEU) and Japanese
(JPT) in a 100-kb region around rs9600079. By visual
inspection, we divided the region in 2 main haplotype
blocks split by a recombination hotspot for both JPT and
CEU. For JPT, rs9600079 is located in a 58 kb block and the
‘T’ allele (risk allele) was found on one haplotype with
frequency above 0.05. For CEU, rs9600079 is located in a 44
kb block and the ‘T’ allele was found on 3 haplotypes each
with frequency above 0.05. Thus, it is possible that we fail
to detect the association in Europeans due to different LD
patterns. If the true causal allele is located on the single
haplotype that was identified in JPT, this signal would be
diminished in a population of European descent as the LD
with the causal allele would be lower. In agreement with
our study, an African-American study failed to replicate
rs9600079 (P ¼ 0.53; ref. 4). Of note, the risk allele was more
common in both Europeans (P ¼ 0.45) and African-Americans (P ¼ 0.52) than in Japanese (P ¼ 0.38). Extensive
genotyping in this region would be required to investigate
this finding further. The lack of association in Europeans
could also be due to a possible genotype–environment (G
 E) interaction involving an environmental exposure
only present or more common in Asian populations.
All SNPs had smaller ORs in our population (1.06–1.10)
than the original GWAS (OR ¼ 1.15–1.26). There are
several potential explanations for this including the "winners curse," a phenomenon where the actual genetic effect
is typically smaller than its original estimate (16). Another

possible explanation is that the identified variants are in
lower LD with the causal variant in Europeans and would
thus have not been detected in previous GWAS of European descent. The power to detect these SNPs at a P value
< 105 in a modest-sized GWAS (2,000 cases and 2,000
controls) assuming the same allele frequency and ORs as
observed here ranged from 0.09% to 1%, indicating that
previous GWAS in European populations had very limited power to detect these at the discovery stage. This
stresses that GWAS results from alternative populations
provide a way to identify candidate SNPs that may have
been missed because of stringent P value thresholds.
These 5 SNPs included in the analysis herein were also
assessed in a population of African-Americans (4). In
agreement with our study, rs1983891 (P ¼ 0.02) and
rs339331 (P ¼ 3.1  106) were both associated with
prostate cancer and for rs339331, a stronger signal
(rs12202378) was identified. In contrast to our results,
rs12653946 (P ¼ 0.15) and rs13385191 (P ¼ 0.90) did not
replicate in African-Americans. However, rs13385191 was
rare in African-Americans (MAF ¼ 0.05) and fine-mapping revealed association with the nearby SNP rs340623.
Using HapMap data, we observed differences in LD
between rs13385191 and rs340623 across ethnicities, with
modest LD in Asians (r2 ¼ 0.40) and Europeans (r2 ¼ 0.27)
but no LD in African-Americans (r2 ¼ 0) possibly explaining the discordant results.
Attempts to replicate GWAS findings across population
have had mixed results, most likely reflecting different LD
patterns across ethnicities resulting in differences in allele
frequencies for specific SNP markers. It is believed that
most index signals from GWAS tag a yet unknown variant
directly associated with prostate cancer risk and failure

Table 3. Interaction with age of onset
SNP

Chr

Gene

No. of cases/
controls

Age of onset
 65 y

No. of cases/
controls

Age of onset
> 65 y

Pinteraction

rs13385191
rs12653946
rs1983891
rs339331
rs9600079

2p24
5p15
6p21
6p22
13q22

C2orf43

2,363/2,460
2,354/2,453
2,367/2,478
2,366/2,470
2,366/2,474

1.09 (1.00–1.20)
1.06 (0.98–1.15)
1.17 (1.07–1.27)
0.92 (0.84–1.00)
1.03 (0.95–1.11)

5,445/5,557
5,423/5,521
5,471/5,558
5,458/5,560
5,437/5,558

1.06
1.13
1.06
0.93
1.01

0.55
0.19
0.08
0.91
0.64
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FOXP4
GPRC6A/RFX6

(1.00–1.12)
(1.07–1.19)
(1.01–1.13)
(0.88–0.99)
(0.95–1.06)
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to replicate across ethnicities supports this hypothesis.
Indeed, fine-mapping efforts of known prostate cancer
regions in African-Americans identified a stronger associated marker in 12 of 28 regions (4). Other reasons for
failure in replication include false positives in the original
report and false negatives in the replication report. Nonetheless, our study has shown that GWAS data from one
ethnic group can identify markers associated with disease
in a different ethnicity. Continued efforts to characterize
susceptibility regions in various ethnicities will be instrumental for localizing the causal markers.
In summary, 4 SNPs identified by a prostate cancer
GWAS in an Asian population were replicated in this
large study of men of European ancestry. Our study
confirms the association of these loci with prostate cancer

across multiple ethnicities and supports continued evaluation of markers across ethnic groups.
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