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Abstract
Multiple SNPs at 17q12 and 17q24.3 were recently identified to be associated with prostate cancer
risk using a genome-wide association study. Although these associations reached genome-wide
significance level in a combined analysis of several study populations of European descent in the
original report, confirmation in independent populations, including African Americans (AA), is
critical to increase confidence that they represent true disease associations and whether the results
can be generalized. Therefore, we evaluated these 7 SNPs in two populations recruited from Johns
Hopkins Hospital, including European Americans (EA) (1,563 cases and 576 controls) and AA
(364 cases and 353 controls). Each of the previously reported risk alleles of these 7 SNPs were
more common in cases than in controls among EA and AA. The differences were highly
significant in EA (P = 10−4) and marginally significant in AA (P = 0.04) for 17q12SNPs. In
contrast, the differences were not statistically significant in EA or AA for SNPs at 17q24.3, but
were marginally significant for two SNPs (P = 0.04 - 0.06) when subjects from EA and AA were
combined. Similar results were obtained for genotype and haplotype frequencies. These risk
variants were not associated with aggressiveness of prostate cancer or other clinical variables such
as TNM stage, pre-operative PSA, or age at diagnosis. Our results provide the first confirmation of
these novel prostate loci and the first demonstration that these two loci may also play roles in
prostate cancer risk among AA.
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Introduction
Prostate cancer is one of the most common cancers and a major public health problem in the
US (1). Genetic susceptibility, age, and race are the risk factors most consistently associated
with prostate cancer risk (2). With advances in genome-wide association studies, multiple
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risk variants for prostate cancer have been identified. However, only loci at 8q24 have been
confirmed in independent study populations thus far (3-7).

Two novel loci at chromosome 17q were recently reported to be associated with prostate
cancer risk by combining genetic linkage and association approaches (8). This study
evaluated 310,520 SNPs in the genome using the Illumina Hap300 chip among 1,501
prostate cancer patients and 11,290 control subjects from Iceland. Examining the region at
17q where prostate linkage was previously reported revealed six SNPs at 17q12 and 17q24.3
were significantly associated with prostate cancer risk (P < 5×10−4, ranking from 68 to 100
in the genome). The associations of these SNPs were confirmed in three additional prostate
cancer case-control populations of European ancestry. When combining the results from the
initial Icelandic population and three confirmation populations, the risk allele of the most
significant SNP at 17q12 (rs4430796) conferred an OR of 1.22 (95% CI: 1.15-1.30, P =
1.4×10−11), and at 17q24.3 (rs1859962) conferred an OR of 1.20 (95% CI: 1.14-1.27, P =
2.5 × 10−10).

Although the initial report of prostate cancer associations at 17q12 and 17q24.3 reached
genome-wide significance, it remains necessary to confirm these findings to rule out false
positive results because these were selected by screening more than 300,000 SNPs in the
initial discovery population. Confirmation of these findings in independent studies,
including both European Americans (EA) and African Americans (AA) would improve the
likelihood they represent true associations. Furthermore, it is important to understand
associations of these prostate cancer risk variants, if observed, with clinical characteristics of
prostate cancer, including tumor grade, stage, serum PSA levels, and age at diagnosis. In the
current study, we address these questions.

Methods
Study subjects

Cases were 1,563 men of European descent and 364 men of African descent (by self report)
who underwent radical prostatectomy for treatment of prostate cancer at The Johns Hopkins
Hospital from January 1, 1999, through December 31, 2006. Each tumor was graded using
the Gleason scoring system (9) and staged using the TMN (tumor–node–metastasis) system
(10). We defined more aggressive and less aggressive disease based on tumor stage and
Gleason score. Tumors with a Gleason score of 7 or higher or stage pT3 or higher or N+ or
M1 (i.e., either high-grade or non–organ-confined disease) were defined as more aggressive.
Tumors with a Gleason score of 6 or lower and stage pT2/N0 (i.e., cancer confined to the
prostate) were defined as less aggressive. Normal seminal vesicle tissue that was obtained
and frozen at the time of surgery was used to isolate DNA for genotyping of case patients.

Men undergoing screening for prostate cancer at The Johns Hopkins Hospital and The Johns
Hopkins University Applied Physics Lab (Columbia, MD) during the same time period were
asked to participate as control subjects. Blood samples for preparation of DNA, serum
prostate-specific antigen (PSA) levels, digital rectal examination (DRE) results, and
demographic information were available for these subjects. A total of 576 men of European
descent and 353 men of African descent (by self report) met our inclusion criteria as control
subjects for this study: normal DRE, PSA levels less than 4.0 ng/mL, and older than 55
years.

The clinical and demographic information for cases and controls is summarized in Table 1.
The study received institutional approval and complied with Health Insurance Portability
and Accountability Act (HIPAA) regulations. Written informed consent was obtained from
each participant.
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Selection of SNPs and SNP genotyping
Based on the initial report by Gudmundsson (8), we selected 3 SNPs at 17q12 and 4 SNPs at
17q24.3. Polymerase chain reaction (PCR) and extension primers for these SNPs were
designed using MassARRAY Assay Design 3.0 software (Sequenom, Inc), and these 16
SNPs were included in one multiplexing group. The primer information is available at
http://www.wfubmc.edu/genomics. PCR and extension reactions were performed according
to the manufacturer’s instructions, and extension product sizes were determined by mass
spectrometry using the Sequenom iPLEX system. Two CEPH subjects (1331-01 and
1331-02) and two water samples (PCR negative controls) that were blinded to the technician
were included in each 96-well plate. The average genotype call rates of these 5 SNPs were >
98% and the average concordance rate between samples was >99%.

Statistical Analyses
We used Fisher’s exact test to evaluate Hardy–Weinberg equilibrium for each SNP
separately among cases and controls of each race group. Tests for pair-wise linkage
disequilibrium (LD) among these SNPs in control subjects of each race group (chi-square
test, d.f. =1, two-sided) were performed using the SAS/Genetics software (Version 9.0,
http://support.sas.com/rnd/papers/sugi27/genetics.pdf).

Because the main purpose of this study was to confirm the association reported by
Gudmundsson et al (8), we primarily used the statistical methods that were employed in
their report. Allele frequency differences between cases and controls of each race group
were tested for each SNP using a chi-square test with 1 degree of freedom. Allelic odds ratio
(OR) and 95% confidence interval (95% CI) were estimated based on a multiplicative
model. For genotypes, a model-free method was first used to estimate ORs and the 95% CI
of each risk genotype, compared to the homozygous wildtype within each race group. A
dominant or recessive model was then tested using unconditional logistic regression with
adjustment for age and geographic region, and the model that provided the lowest Akaike
information criterion (AIC) was selected as the best genetic model (11). The results from EA
and AA case-control populations were combined using a Mantel-Haenszel model (12) in
which the populations were allowed to have different population frequencies for alleles and
genotypes but were assumed to have a common OR. We tested two-locus interaction effects
on prostate cancer risk using unconditional logistic regression methods where we fit locus 1,
locus 2, and the product of locus 1 and 2 in the regression models. The best-fitting genetic
models obtained in the univariate analysis were used in the interaction analysis.

Associations between haplotypes of SNPs and prostate cancer risk were performed using a
score test developed by Schaid et al. (13) as implemented in Haplo.stat software
(http://mayoresearch.mayo.edu/mayo/research/biostat/schaid.cfm).

Associations of sequence variants with TNM stages and aggressiveness of PCa (more or less
aggressive disease) were only tested among cases using a chi-square test of 2xN table. A
trend test was used to assess association between proportion of risk genotype with increasing
Gleason scores. Associations of sequence variants with mean age at diagnosis was tested
only among cases using a two sample t-test. Because serum PSA levels were not normally
distributed, a non-parametric analysis (Wilcoxon rank sum test) was used to assess
association between SNPs and pre-operative serum PSA level in cases or PSA levels at time
of sampling in controls.

To minimize the impact of potential population stratification in AA, we genotyped 30
unlinked ancestry informative microsatellite markers as previously described (3,8). We used
the program STRUCTURE to infer the number of ancestral populations and to estimate
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proportion of ancestry for each individual (14). The individual ancestry proportion was used
as a covariate in the association tests to minimize the effect of potential population
stratification.

All reported P-values were based on two-sided tests.

Results
Seven SNPs in the two chromosome17 loci (17q12 and 17q24.3) previously implicated to
harbor prostate susceptibility genes were genotyped in this study. Each of the 7 SNPs were
in HWE (P≥0.05) among control subjects of European and African descent, respectively.
Significant pair-wise LD (P<0.05) was observed among three SNPs at 17q12 and among
four SNPs at 17q24.3 in control subjects.

Allele frequencies of these 7 SNPs in case and control subjects of EA and AA are presented
in Table 2. Overall, the results are consistent with the findings from Gudmundsson et al
(2007), as each of the reported risk alleles of these 7 SNPs was more common in cases than
controls among EA and AA. When statistical significance of allele frequencies between
cases and controls were tested, all three SNPs at 17q12 were highly significant (P=~10−4) in
EA and one SNP (rs4430796) at 17q12 was marginally significant in AA (P = 0.04). None
of the four SNPs at 17q24.3 were significant in either EA or AA. However, when subjects of
both race groups were combined using a Mantel-Haenszel model, two SNPs at 17q24.3 were
marginally significant, P = 0.04 for rs1859962, and P = 0.06 for rs7214479.

Results from genotypic tests also provide confirmation for the associations of prostate
cancer risk with sequence variants at these two 17q loci (Table 3). Compared to
homozygous non-risk allele carriers, carriers of one risk allele (“0X”) or two risk alleles
(“XX”) had increased risk for prostate cancer for SNPs at 17q12 and 17q24.3 in EA and in
AA. When statistical significance of genotypic effect for prostate cancer risk was tested and
adjusted for age, the genotypic effect was highly significant (P=~10−4) for all three SNPs at
17q12 in EA and marginally significant for one SNP (rs4430796) at 17q12 in AA (P=0.05).
For SNPs at 17q24.3, except for one SNP (rs983085) that was marginally significant in AA
(P=0.04), none of the remaining SNPs were significant in either EA or AA. Similar results
were found in AA after adjustment for individual proportion of African ancestry.

To infer the best fitting model for these risk SNPs, we evaluated associations in the
combined race groups under dominant and recessive models. A dominant model appeared to
be the best fitting model for all but one SNP. A recessive model was the best fitting model
for SNP rs3760511 at 17q12. The most strongly associated SNP at 17q12 was rs4430796
under a dominant model. Compared to men who had a CC genotype, men who had TC or
TT had an OR of 1.44 (95% CI: 1.19-1.74) for prostate cancer (P=0.0001). The most
strongly associated SNP at 17q24.3 was rs1859962 under a dominant model. Compared to
men who had genotype TT, men who had GT or GG had an OR of 1.21 (95% CI: 1.02-1.45)
for prostate cancer (P=0.03).

Results from the haplotype analyses within each of the two regions were similar to that of
individual SNPs. For EA subjects, the haplotype that had largest difference in frequencies
between cases and controls consists of risk alleles of each variant, i.e. T-G-C of rs4430796-
rs7501939-rs3760511 at 17q12, with a frequency of 0.35 in cases and 0.30 in controls, P=
0.0005, and G-T-A-A of rs1859962-rs7214479-rs6501455-rs983085 at 17q24.3, with a
frequency of 0.44 in cases and 0.40 in controls, P = 0.01. For AA subjects, three haplotypes
at 17q12 (T-A-A, T-A-C, and T-G-A) had significantly different frequencies between cases
and controls, and none of the haplotypes at 17q24.3 had significantly different frequencies
between cases and controls.
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We assessed associations of these risk variants with clinical characteristics of prostate
cancer among cases using the best fitting genetic model. Because of strong LD among SNPs
within each region, we selected the most strongly associated SNP from 17q12 (rs4430796)
and 17q24.3 (rs1859962). We did not observe significant association between these two
SNPs with aggressiveness of prostate cancer (more or less aggressive disease as defined
under Methods), Gleason score (≤ 6, 7, and ≥ 8), and mean pre-operative PSA (Table 4).
However, similar to the findings of Gudmundsson (2007), we found a trend, but not
statistically significant, of earlier age at diagnosis among risk allele carriers of rs4430796 at
17q12 in EA and AA cases.

We tested for multiplicative interaction effects on prostate cancer risk between the two most
strongly associated SNPs at 17q12 and 17q24.3 using a logistic regression model. No
evidence for multiplicative interaction was found; the interaction term was not significant (P
> 0.05) in EA and AA. We then tested the additive effect of these two risk SNPs on prostate
cancer risk. Compared to EA men who had non-risk genotypes at both SNPs, EA men who
had a risk genotype at 17q12 alone, risk genotype at 17q24.3 alone, or risk genotype at both
SNPs had ORs of 1.01 (95% CI: 0.64-1.61, P=0.97), 0.84 (95% CI: 0.52-1.37, P=0.49), and
1.40 (95% CI: 0.91-2.16, P=0.13), respectively. Compared to AA men who had non-risk
genotypes at both SNPs, AA men who had a risk genotype at 17q12 alone, risk genotype at
17q24.3 alone, or risk genotype at both SNPs had ORs of 1.80 (95% CI: 1.22-2.64,
P=0.003), 1.66 (95% CI: 1.02-2.70, P=0.04), and 1.60 (95% CI: 1.05-2.44, P=0.03),
respectively. These results do not provide evidence for an additive interaction.

Discussion
Overall, our study provides the first independent confirmation of prostate cancer risk
association with genetic variants at 17q12 and 17q24.3, although the evidence for variants at
17q24.3 was weaker. Furthermore, our study provides the first evidence that these two 17q
loci may also play role in prostate cancer risk among AA.

As with all case-control studies, our study is subject to false positive findings due to
multiple testing and population stratification. However, the positive associations in our study
are unlikely due to chance alone. Multiple testing is not a major concern in this study
because we only evaluated 7 SNPs, with most being dependent because of strong LD among
these SNPs. Population stratification is unlikely to contribute considerably to the findings
because the association results were similar after adjusting for African ancestry proportion
in AA (Table 2). Although we did not have data on ancestry informative markers in EA, the
fact that these cases and controls were recruited from the same geographic regions may
reduce this concern. Perhaps more importantly, the consistent association findings among
EA and AA of our study, both of which have the same direction of association as in the
original report (Gudmundsson 2007), strongly suggest these are true prostate cancer
associations.

An interesting finding of our study is that the risk variants at 17q12 and 17q24.3 were not
associated with clinical characteristics in this study population. One important advantage of
the current study population, having underwent radical prostatectomy as the primary
treatment modality, is the availability of the prostate specimen in its entirety for systematic
and comprehensive pathologic evaluation of tumor grade and stage. The lack of association
of risk variants with clinical characteristics is also consistent with that of the original report
(Gudmundsson 2007), which noted a non-statistically significant trend for early age at
diagnosis among risk allele carriers. Since these variants at 17q12 and 17q24.3 are equally
associated with risk for more and less aggressive tumors, it is possible they impact aspects
of prostate cancer initiation rather than progression.
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Together with the original report by Gudmundsson (2007), our data strongly suggest the
presence of prostate cancer risk variants at these two regions. Further fine mapping studies,
functional studies, and clinical studies are needed to identify specific causal variants at these
two regions and understand their etiology.
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