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Prostate cancer is a common complex disease that disproportionately affects men of African descent. Recently,
several different common variants on chromosome 8q24 have been shown to be associated with prostate cancer in
multiple studies and ethnic groups. The objective of this study was to confirm the association of 8q24 markers with
prostate cancer in African Americans. We genotyped 24 markers along 8q24 and 80 unlinked ancestry informative
markers in a hospital-based case-control sample of 1057 African American men (490 prostate cancer cases and 567
controls). Association analyses of 8q24 markers with prostate cancer risk were adjusted for both global and local
8q24 admixture stratification using estimates from ancestry informative markers. We report that rs7008482, which
maps to the 8q24.13 region, is an additional independent prostate cancer risk variant (P = 5 × 10−4), and we also
replicate the association of rs16901979 with prostate cancer (P = 0.002). Other published risk variants in the region
such as rs1447295 and rs6983267 showed a similar direction and magnitude of effect, but were not significant in our
population. Both rs7008482 and rs16901979 independently predicted risk and remained significant (P < 0.001) after
controlling for each other. Our data combined with additional replications of 8q24 markers provide compelling
support for multiple regions of risk for prostate cancer on 8q24.

[Supplemental material is available online at www.genome.org.]

Prostate cancer (PCa) still remains the most common male-
specific malignancy diagnosed in the United States. In 2007
alone, about 218,890 new cases of prostate cancer and 27,050
deaths will be attributed to this disease (Jemal et al. 2007). This
slight decrease when compared with previous annual estimates is
due to a new method being utilized in estimating new cancer
cases by the American Cancer Society. The new estimate covers
about 86% versus the previous 10% of the US population (Jemal
et al. 2007). Despite the slight decrease in the estimates for 2007,
African American (AA) men still have an even higher incidence
and mortality rate when compared with other ethnic groups (Je-
mal et al. 2007).

Genome-wide linkage and association studies have been
used to identify genomic loci contributing to prostate cancer
susceptibility. Recently, the results of a genome-wide scan in Ice-
landic families suggested strong evidence for association between
a microsatellite marker at 8q24 (DG8S737) and prostate cancer
risk (Amundadottir et al. 2006). Initially, a maximum LOD score
of 2.11 was achieved for microsatellite marker DG8S529 in a
genome-wide scan of 323 Icelandic extended families. Additional
genotyping in 869 unrelated Icelandic prostate cancer cases and
596 controls using 358 microsatellites within the region of inter-

est confirmed the original linkage results, with allele �8 of
marker DG8S373 showing the most significant evidence of asso-
ciation (OR = 1.79; P = 3.0 � 10�6) (Amundadottir et al. 2006).
Additional analyses were performed in Icelandic cases and con-
trols using a set of ∼60 single nucletide polymorphisms (SNPs)
and additional microsatellites encompassing DG8S737. Among
the 37 SNPs that were associated, rs1447295 was most significant
(OR = 1.72; P = 1.7 � 10�9) (Amundadottir et al. 2006). Using an
expanded cohort, the association with prostate cancer was con-
firmed among Swedish, European American, and African Ameri-
can men (Amundadottir et al. 2006). Interestingly, microsatellite
DG8S737 was significant among the African American prostate
cancer cases; however, the association with rs1447295 was not
statistically significant. Nonetheless, the authors concluded that
for DG8S737, the population attributable risk (PAR) of 16% in
African Americans was considerably higher than the PAR for the
European populations studied (5%–11%) and suggest that this
allele may partially account for the significant difference in in-
cidence seen among African American men (Amundadottir et al.
2006). The recent results of a whole-genome SNP scan from this
same research group revealed a strong genome-wide association
to markers mapping within 8q24 (Gudmundsson et al. 2007).

In an independent study, a multiethnic cohort of prostate
cancer cases and controls was evaluated with ∼1500 genome-
wide ancestry informative markers (AIMs). Analysis of the admix-
ture data from ∼1600 African Americans showed a statistically
significant association to markers mapping to 8q24, with
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the signal primarily associated with diagnosis <72 yr of age
(Freedman et al. 2006). Specific analysis of the two originally
associated markers, DG8S737 and rs1447295, revealed a positive
association with prostate cancer among Japanese Americans, Na-
tive Hawaiians, Latino Americans, and European Americans.
However, these analyses failed to yield statistically significant
results in African Americans after correcting for a local rise in
genetic admixture within the 8q24 region, suggesting that the
true association to 8q24 in African Americans could not be ex-
plained by these alleles (Freedman et al. 2006). The association to
8q AIMs were statistically significant and a confirmation report
from this same group, using fine mapping markers, suggests at
least three independent loci within 8q24, with one SNP
rs6983561 achieving a P-value of 7.9 � 10�19 (Haiman et al.
2007).

Furthermore, results of an independent genome-wide scan
in ∼1200 prostate cancer cases and ∼1200 matched controls were
reported, with markers within 8q24 showing the strongest evi-
dence of association (Yeager et al. 2007). Recently, there have
been four independent confirmation reports replicating the as-
sociation of prostate cancer with variants mapping within the
8q24 region of the genome (Schumacher et al. 2007; Severi et al.
2007; Suuriniemi et al. 2007; Wang et al. 2007). These associa-
tions along with the fact that the chromosome region 8q24 is
amplified in most prostate tumors and has been associated with
aggressive disease and poor prognosis (Jenkins et al. 1997; El
Gedaily et al. 2001; Tan et al. 2003; Liu et al. 2006; Sun et al.
2007; Tan and Chow 2007) make it an interesting region to ex-
plore prostate cancer risk.

Here, we report on a structured association analysis of the
original 8q24 markers (DG8S737 and rs1447295) reported by
Amundadottiir et al. (2006) performed in 490 African American
prostate cancer cases and 567 matched controls. In addition, we
genotyped 23 additional SNPs mapping to chromosome 8 in all
subjects. All of our cases and controls were also genotyped with
a set of 80 genome-wide AIMs to correct for individual ancestry.
As a number of the SNPs mapping to 8q were also AIMs, we were
also able to correct for any local changes in admixture along
8q24.

Results

The clinical characteristics of our prostate cancer cases and con-
trols are shown in Table 1. Cases and controls were not signifi-

cantly different except for mean PSA and mean West African
genetic ancestry values. Mean West African ancestry was signifi-
cantly higher among the PCa cases than controls for both local
8q individual ancestry (LIA) and global individual ancestry (GIA)
(P = 0.001) (Table 1).

Twenty-four of the SNPs genotyped map to human chromo-
some 8. Three SNPs map to 8p and the other 21 SNPs map to
8q24. We tested genotype frequencies for significant departure
from Hardy Weinberg (HW) proportions independently in
the cases and controls. Two SNPs were excluded; rs10086908
due to strong departure from Hardy Weinberg equilibrium
(P = 1 � 10�24) and rs1668875, because it was monomorphic
in our population (Supplemental Table 1). Allele frequencies for
the remaining 22 SNPs are detailed in Table 2. Minor allele fre-
quencies ranged from 6% to 42% in the African American con-
trols.

Three SNPs mapping to 8q24.13, rs7008482, rs2124036,
and rs780321, and one SNP mapping to 8q24.21, rs16901979,
appeared to influence prostate cancer risk in our African
American cohort after controlling for age and GIA (Table 2). To
be more confident in our findings we again performed our
regression analyses; however, this time we controlled for dif-
ferences in locus-specific ancestry along 8q24 using the LIA
estimates. We determined that the slight associations for
rs2124036 and rs780321 were likely due to local admixture. Two
SNPs remained significantly associated with prostate cancer
even after including LIA as a covariate, rs7008482 (OR = 1.8;
CI = 1.2–2.6; P = 0.002) and rs16901979 (OR = 1.5, CI = 1.1–2.2;
P = 0.008) (Table 3). Table 3 details prostate cancer risk asso-
ciated with polymorphisms across several regions along 8q24 in
this and previous studies of African Americans. Surprisingly,
there is very little linkage disequilibrium between markers in
close proximity in regions 1–3 (Witte 2007). The two significant
SNPs we observed in this study were found in region 2
(rs16901979) and a new region denoted region 4 at 126.33Mb
(rs7008482).

We included two markers (rs1447295 and DG8S737) in our
study to directly compare the results previously observed in Af-
rican Americans by others. The microsatellite marker DG8S737
was genotyped for all 490 African American cases and 567 age-
and ethnicity-matched controls. Table 4 reveals the frequencies
of the 17 alleles for DG8S737 observed in the sample. While the
frequencies were consistent with what was observed in the lit-
erature for African Americans, we did not observe association
between any of the DG8S373 alleles and prostate cancer
(P = 0.065). Also, the previously reported risk allele for SNP
rs1447295 revealed no association with prostate cancer in our
population (Tables 2, 3). Additionally, two SNPs within a 1.2-kb
region flanking and in LD with rs1447295 were typed, rs7818556
and rs4871802, neither of which revealed an association with
prostate cancer (Table 2; Fig. 1). We did observe a slight associa-
tion at rs1447295 when we stratified our populations by age of
diagnosis (�60; P = 0.03), similar to Schumacher et al. (2007) and
Freedman et al. (2006), but when we controlled for locus-specific
ancestry, the association became nonsignificant. Additionally,
further analyses were carried out in which samples were stratified
by family history and also pathological grade (Gleason score �7
vs. �8). We did not observe any SNP association with family
history and Gleason score.

To help determine the effect size of the rs7008482 and
rs16901979 SNP associations in relation to admixture effects we
performed three logistic regression analyses for both markers.

Table 1. Clinical characteristics of prostate cancer cases and
controls

Characteristic Controls Cases P

No. of participants n (%) 567 490 —
Age in years (mean [SD]) 65.9 (10.5) 65.9 (9.3) 0.40
PSA in ng/mL (mean [SD]) 1.9 (1.1) 85.4 (392.4) <0.001
Gleason score n (%)

<8 — 210 (42.9) —
�8 — 280 (57.1) —

Family History of PCa n (%)
Yes 92 (16.3) 103 (21.1) 0.24
No 475 (83.7) 387 (78.9)

BMI in Kg/m2 (mean [SD]) 27.3 (4.7) 28.0 (4.9) 0.92
Global West African ancestry

(mean [SD]) 0.79 (0.1) 0.82 (0.1) 0.001
Local 8q24 West African

ancestry (mean [SD]) 0.80 (0.2) 0.84 (0.2) 0.001
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First we examined the SNP association unadjusted for individual
ancestry, then adjusting for genome-wide ancestry, and finally
controlling for genome-wide and local 8q24 individual ancestry.
Assuming an additive model of effect per allele copy, the odds
ratios for the three analyses were 1.89, 1.86, and 1.83, respec-
tively, for rs7008482 and 1.52, 1.51, and 1.45, respectively, for
rs16901979. Thus, ancestry effects at the genome-wide and local
level contributed little if any to the rs7008482 and rs16901979
associations with prostate cancer risk.

Finally, we tested the possibility of whether SNPs rs7008482
and rs16901979 could fully explain the association with prostate
cancer, or whether the associations were dependent on each
other. To do this we performed a stepwise regression using each
SNP individually as causal while controlling for the others. No
other SNPs in the region could explain the association when

either rs7008482 or rs16901979 were considered causal in the
analysis.

Discussion

Recently, multiple independent genetic variants on chromosome
region 8q24 have been implicated in prostate cancer risk (Witte
2007). In this study, we report on a genetic association study in
1057 African Americans for 8q24 prostate cancer risk loci. We
have combined genotyping of the originally associated markers
at 8q24.21 (Amundadottir et al. 2006) with genotyping of addi-
tional chromosome 8 markers, including a series of admixture
informative SNPs. Neither the �8 allele at microsatellite marker
DG8S737 nor SNP rs1447295 was significantly associated with
prostate cancer risk in our African American cohort (Table 4). In

Table 3. Prostate cancer risk for 8q24 polymorphisms in current and previous studies of African Americans.

Polymorphism Position (Mb) Regiona Current study OR (95% CI) P Previous studies OR (95% CI) Ref.

rs1447295 A allele 128.55 Region 1 1.4 (0.7–1.3) 0.131 1.0 (0.8–1.3) Gudmundsson et al. 2007
1.1 (0.9–1.2) Freedman et al. 2006
2.8 (1.3–5.9)b Yeager et al. 2007
1.2 (P = 0.29)c Amundadottir et al. 2006

DG8S737-8 allele 128.54 Region 1 1.3 (0.9–1.7) 0.123 1.3 (1.1–1.5) Haiman et al. 2007
1.1 (0.9–1.2) Freedman et al. 2006
1.6 (P = 0.002) Amundadottir et al. 2006

rs6983267 G allele 128.48 Region 3 1.4 (0.9–2.4) 0.165 1.4 (1.2–1.8) Haiman et al. 2007
1.7 (1.4–2.2)b Yeager et al. (2007)

rs16901979 A allele 128.19 Region 2 1.5 (1.1–2.2) 0.008 1.3 (1.1–1.6) Gudmundsson et al. (2007)

rs7008482 G allele 126.33 Region 4 (novel) 1.8 (1.2–2.6) 0.002 — —

Two-sided P-values and odds ratios (OR) were adjusted for age at diagnosis and recruitment age of controls, global ancestry, and local 8q24 ancestry.
In the current study, the ORs represent the effect of each extra copy of the denoted allele.
aIndependent regions of risk defined previously by breakdown of linkage disequilibrium (Haiman et al. 2007).
bPopulation consisted mainly of European Americans.
c95% confidence intervals not reported.

Table 2. 8p and 8q24 SNPs, minor allele (MA) frequencies, and P-values for association with prostate cancer in African Americans

SNP Rs no. Position (Build 127) MA Cases (n = 490) Controls (n = 567) P* Pemp

1 rs7818294 10286756 A 0.26 0.22 0.152 0.191
2 rs13267318 11606730 C 0.21 0.24 0.424 0.441
3 rs2073810 12596037 C 0.14 0.14 0.486 0.485
4 rs2410025 13017946 A 0.37 0.37 0.461 0.477
5 rs285 19859469 C 0.06 0.06 0.563 0.571
6 rs3176921 67253933 T 0.39 0.39 0.606 0.634
7 rs12547950 123685278 G 0.38 0.39 0.903 0.842
8 rs7008482 126336812 T 0.11 0.17 5.0 x 10�4 1.0 x 10�3

9 rs2124036 126717316 T 0.19 0.24 0.024 0.021
10 rs780321 127152877 C 0.23 0.29 0.012 0.025
11 rs4871745 127952560 C 0.25 0.23 0.563 0.573
12 rs6981122 128163642 A 0.30 0.32 0.346 0.362
13 rs16901979 128194098 A 0.50 0.42 0.002 0.003
14 rs6983267 128482487 T 0.08 0.11 0.068 0.085
15 rs10505473 128487118 A 0.20 0.18 0.975 0.903
16 rs7818556 128553581 G 0.36 0.32 0.169 0.191
17 rs1447295 128554220 A 0.34 0.31 0.073 0.094
18 rs4871802 128554822 C 0.31 0.30 0.774 0.754
19 rs7841193 128746713 A 0.13 0.13 0.818 0.787
20 rs4427136 128949021 G 0.27 0.27 0.839 0.804
21 rs2302793 129177879 A 0.12 0.16 0.053 0.056
22 rs11780763 129665468 T 0.13 0.14 0.531 0.511

(MA) minor allele; (P*) P-value adjusted for age and genomic West African ancestry; (Pemp) empirical P-value based on 10,000 permutations of trait values
in the sample. Bold denotes significant P-values.
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other studies of African Americans, no significant association of
prostate cancer was observed with DG8S737 (Freedman et al.
2006); however, a positive association has been reported between
prostate cancer and SNP rs1447295 in an African American co-
hort when the data were stratified according to age (�65 yr)
(Schumacher et al. 2007). These results are similar to those re-
ported by others for African Americans (Freedman et al. 2006;
Gudmundsson et al. 2007). Ignoring differences in local ancestry
across African American subjects may account for the differences
observed in previous studies. Yet, strong and replicable associa-
tion with both DG8S737 and rs1447295 are seen among cohorts
of European ancestry (Schumacher et al. 2007; Severi et al. 2007;
Suuriniemi et al. 2007; Wang et al. 2007). In a study of 1121
European descent familial and sporadic PCa cases, Wang et al.
(2007) reported significant association with both familial
(P = 0.0004) and aggressive prostate cancer (P = 0.0005) and SNP
rs1447295 (Wang et al. 2007). Furthermore, positive associations
were also observed for the microsatellite DG8S737 and risk of
familial prostate cancer (P = 0.031) and aggressive prostate cancer
(P = 0.0004) (Wang et al. 2007). In an independent study,
Suuriniemi et al. (2007) reported significant association of
rs1447295 with prostate cancer risk in a cohort of 597 European
American prostate cancer cases and 548 matched controls. In
their study, there was no evidence of association for the micro-
satellite DG8S737 and prostate cancer risk. Finally, in a large
expanded study of both breast and prostate cancer cohorts, Schu-
macher et al. (2007) reported strong association of increased
prostate cancer risk with rs1447295 (P = 1.23 � 10�6), primarily
among European Americans. However, among African Ameri-
cans, significance was achieved (P = 0.011) only for early onset
cases (age <65) (Schumacher et al. 2007).

Our data validate the overall results of the previous studies,
suggesting the presence of multiple independent prostate cancer
susceptibility loci at 8q24. Results from a genome-wide associa-
tion study on 1453 Icelandic prostate cancer cases and 3064 con-
trols using ∼300,000 SNPs revealed significant association to the
original SNP rs1447295 at 8q24.1 (chromosome 8 position 128.6
Mb), and to a second SNP, rs16901979, which maps to proximal
8q24.21 (chromosome 8 position 128.2 Mb). In a separate inde-
pendent genome-wide association study of 1172 European
American prostate cancer cases and 1157 matched controls using
550,000 genome-wide SNPs revealed evidence of association with

prostate cancer at SNP rs6983267, which maps ∼70 kb proximal
to the originally associated 8q24 SNP, rs1447295 (Yeager et al.
2007). A highly significant association (P = 9.42 � 10�13) was
observed at the proximal SNP, rs6983267, in an internal valida-
tion of 4296 prostate cancer cases and 4299 matched controls,
further supporting multiple independent loci contributing to
prostate cancer risk within the 8q24 region of the genome (Yea-
ger et al. 2007). We note that rs6983267 was not significantly
associated with prostate cancer in our study, although the mag-
nitude of effect was similar to that found by others (Haiman et al.
2007; Yeager et al. 2007). Given that 95% confidence interval
around the odds ratio estimate did not exclude previous findings
(see Table 3), it may be that our inability to observe a significant
association for rs6983267 is likely due to chance because of a
smaller sample size than previous studies. For instance,
rs6983267 was strongly associated with prostate cancer in a fol-
low-up fine-mapping study of the 8q24 region (Haiman et al.
2007). In the Haiman et al. (2007) study, 2973 SNPs were geno-
typed in ∼7500 prostate cancer cases or controls from multiple
ethnicities. In their study, up to five SNPs independently pre-
dicted risk of prostate cancer, with the most significant SNP be-
ing rs6983561 (P = 7.9 � 10�19). They reported three regions
consisting of clusters of SNPs spanning from chromosome 8q24
position 128.1–128.6 Mb, each representing an independent pre-
dictor of prostate cancer risk (Haiman et al. 2007).

In our study, genotyping of additional 8q24 SNPs that show
ancestral allele frequency differences implicated two separate risk
loci on 8q24. Two SNPs provide evidence for 126.8 Mb and 128.4
Mb regions influencing PCa risk. SNPs rs7008482 and rs1001979
revealed a highly significant association with disease even after
correction for age, and local and global individual ancestry.
Therefore, the association we observe is unlikely to be biased due
to admixture. Our most significantly associated SNP, rs7008482,
represents a new region of independent risk (region 4), which is
mapped to 8q24.13, ∼2.2 Mb proximal to the DG8S737/
rs1447295 region at 8q24.21. SNP rs7008482 lies within an in-
tronic region of the NSMCE2 (also called MMS21) gene, which
has been shown to be involved in DNA replication, recombina-
tion, and repair (Potts and Yu 2005). The SNPs we utilized in this
study were chosen for their ancestry information rather than for
direct association analyses. This being the case, the SNPs were not
evenly spaced, and it is likely that finer-scale genotyping will lead
to additional associations in this region. Further genotyping
within this region and functional analyses are underway. We also
note that among our African American subjects, we did not ob-
serve an association to the 128.6 Mb region, which maps to the
distal 8q24.21 locus originally reported by Amundadottir et al.
2006; although the region has been shown by others to influence
risk for prostate cancer (Gudmundsson et al. 2007; Schumacher
et al. 2007; Severi et al. 2007; Suuriniemi et al. 2007; Wang et al.
2007; Yeager et al. 2007).

Taken together, multiple studies, including ours, strongly
support the existence of several independent susceptibility loci
within the 8q24 region of the genome. While other studies re-
ported associations within the 128–129 Mb region of 8q24, our
data show an even more proximal association near position
126.2 Mb of the 8q24 region of the genome. Our data add to the
continually growing body of data supporting the presence of
prostate cancer risk loci at 8q24 and provide justification for
further genetic investigations in this region to facilitate the iden-
tification of causal alleles. As prostate cancer disproportionately
affects African Americans, the discovery of true risk alleles could

Table 4. DG8S737 allele frequencies (%) in PC cases and controls

DG8S737 allele Controls Cases

�20 0.2 0.0
�18 0.0 0.0
�16 0.1 0.8
�14 1.4 3.1
�12 2.5 3.5
�10 5.2 3.7

�8 17.7 21.5
�6 7.7 9.1
�4 14.0 14.3
�2 13.5 10.7

0 9.1 9.3
2 15.9 11.4
4 4.7 4.8
6 4.5 4.3
8 2.3 2.7

10 0.7 0.6
12 0.5 0.2
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have important implications for early detection of prostate can-
cer in this high-risk population.

Methods

Subjects
Unrelated men (n = 1057) self-described as African American
were recruited between the years 2001 and 2005 from the Divi-
sion of Urology at Howard University Hospital (HUH) in Wash-
ington, DC. Incident prostate cancer cases (n = 490) were identi-
fied by urologists within the division or study coordinator and
confirmed by review of medical records. Control subjects
(n = 567) unrelated to the cases and matched for age (�5 yr) were
also ascertained from the PCA screening population of the Divi-
sion of Urology at HUH. Individuals who were ever diagnosed
with benign prostatic hyperplasia (BPH) and/or had an elevated
prostate-specific antigen test (>2.5 ng/mL), or have had an ab-
normal digital rectal examination (DRE) were not included as

controls. The demographic characteristics
of participants in the screening program
were similar to the patient population seen
in the Division of Urology clinics (Table 1).
Recruitment of prostate cancer cases and
controls occurred concurrently and were
unselected with respect to family history. All
participants were between 40 and 85 yr of
age. Clinical characteristics including Glea-
son grade, PSA, age at diagnosis, and family
history were obtained for all cases from medi-
cal records. Disease aggressiveness was de-
fined as “Low” (Gleason grade <8) or “High”
(Gleason grade �8). The Howard University
IRB approved the study and written consent
was obtained from all participants.

Genotyping
A total of 104 SNPs were genotyped using
the Sequenom MassARRAY platform and
IPLEXchemistry. Briefly, iPLE assays were
designed utilizing the Sequenom Assay De-
sign software, allowing for single base ex-
tension (SBE) designs used for multiplexing.
PCR and SBE primer sequences are available
upon request. Briefly, multiplex PCR were
performed to amplify 5–10 ng of genomic
DNA. PCR reactions were treated with
shrimp alkaline phosphatase (SAP) to neu-
tralize unincorporated dNTPs. Subse-
quently, a post-PCR single-base extension
reaction was performed for each multiplex
reaction using concentrations of 0.625 µM
for low-mass primers and 1.25 µM for high-
mass primers. Reactions were diluted with
16 µL of H2O and fragments were puri-
fied with resin, spotted onto Sequenom
SpectroCHIP microarrays, and scanned by
MALDI-TOF mass spectrometry. Individual
SNP genotype calls were generated using
Sequenom TYPE software, which automati-
cally calls allele-specific peaks according to
their expected masses. SNP cluster plots for
the 24 chromosome 8 SNPs are available
online (Supplemental Fig. 1). SNP informa-
tion is available at dbSNP (www.ncbi.nlm.

nih.gov/SNP). SNP data quality was high genotyping success rate
was >98.9% for the SNPs after SNPs rs10086908 and rs1668875
were removed due to departure from HWE. The microsatellite
DG8S737 was genotyped using published primer sequences
(Freedman et al. 2006). Microsatellite genotyping was performed
using fluorescently labeled primers and capillary electrophoresis
using previously described methods (Gillanders et al. 2004).
Genotypes were called using GeneMapper V3.5.1 software and
reviewed by two experienced technicians. Allele sizes were deter-
mined in GeneMapper using the Local Southern algorithm.
Genotyping quality control for SNPs and the microsatellite was
accessed using duplicate DNA samples. Concordant rates >99%
were observed for all markers.

Statistical analyses

Estimating genetic ancestry
Both local 8q24 individual ancestry (LIA) and global individual
ancestry (GIA) were determined for each individual using AIMs

Figure 1. Plot of empirical P-values from tests of association between SNPs across 8q24 region
and prostate cancer risk in African Americans. Plot includes a display of linkage disequilibrium (R2)
plot and positions of SNPs along chromosome 8q24 (1262000000–129665468). Association
analysis P-values are adjusted for age and global West African ancestry.

Prostate cancer risk variants at 8q24 in African Americans

Genome Research 1721
www.genome.org

 Cold Spring Harbor Laboratory Press on August 27, 2017 - Published by genome.cshlp.orgDownloaded from 

http://genome.cshlp.org/
http://www.cshlpress.com


for West African and European genetic ancestry. Thirteen of the
22 SNPs typed along chromosome 8 were AIMs and were used to
estimate local genetic ancestry along 8q24. An additional 80
AIMs distributed across the genome were used to estimate global
ancestry and to correct for any admixture association (see Supple-
mental Table 2 for marker information and frequencies). Both
LIA and GIA were estimated separately from the genotype data
using the Bayesian Markov Chain-Monte Carlo (MCMC) method
implemented in the program STRUCTURE 2.1 (Falush et al.
2003). STRUCTURE 2.1 was run under the admixture model us-
ing prior population information and independent allele fre-
quencies for GIA estimates and the linkage model for the LIA
estimates. We ran the MCMC method using K = 2 parental popu-
lations and a burn-in length of 30,000 for 70,000 repetitions.

Structured association analyses
We tested the chromosome 8 SNPs for association with prostate
cancer by performing conditional logistic regression using the
program PLINK (Purcell et al. 2007). In order to help determine
whether our associations were valid, we performed permutation
tests. Empirical P-values that corrected for multiple tests were
generated by 10,000 permutations of the trait values in the
sample using the Max (T) procedure. In addition, odds ratios and
P-values were determined by logistic regression analyses using
SAS version 6.91 (SAS Institute, Inc.). For all analyses, genetic
effects were adjusted for age (at time of diagnosis for case subjects
and at time of ascertainment for controls). Statistical control of
admixture stratification was achieved by introducing individual
ancestry estimates (LIA and GIA) also as covariates in the analy-
ses. Associations by grade (Gleason score �7 vs. �8) were also
examined by logistic regression in case-only analyses.
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