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                  The consistent fi nding of a genetic susceptibility to prostate 
cancer suggests that there are germline sequence variants that 
predispose individuals who carry them to the disease ( 1 ). Single- 
nucleotide polymorphisms (SNPs) may be causally related to 
prostate cancer risk or be indirectly associated with prostate cancer 
risk through linkage disequilibrium with a causal sequence variant. 
Risk-associated SNPs will have different frequencies among men 
with or without prostate cancer and can be detected using genetic 
association studies. By testing associations of disease with a large 
number of SNPs that capture most of the genetic variation in a 
population, genome-wide association studies can identify variants 
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   Background   The consistent finding of a genetic susceptibility to prostate cancer suggests that there are germline 
sequence variants predisposing individuals to this disease. These variants could be useful in screening 
and treatment.  

   Methods   We performed an exploratory genome-wide association scan in 498 men with aggressive prostate cancer 
and 494 control subjects selected from a population-based case – control study in Sweden. We combined 
the results of this scan with those for aggressive prostate cancer from the publicly available Cancer 
Genetic Markers of Susceptibility (CGEMS) Study. Single-nucleotide polymorphisms (SNPs) that showed 
statistically significant associations with the risk of aggressive prostate cancer based on two-sided allele 
tests were tested for their association with aggressive prostate cancer in two independent study popula-
tions composed of individuals of European or African American descent using one-sided tests and the 
genetic model (dominant or additive) associated with the lowest value in the exploratory study.   

   Results   Among the approximately 60   000 SNPs that were common to our study and CGEMS, we identified seven 
that had a similar (positive or negative) and statistically significant ( P <.01) association with the risk of 
aggressive prostate cancer in both studies. Analysis of the distribution of these SNPs among 1032 pros-
tate cancer patients and 571 control subjects of European descent indicated that one, rs1571801, located 
in the  DAB2IP  gene, which encodes a novel Ras GTPase-activating protein and putative prostate tumor 
suppressor, was associated with aggressive prostate cancer (one-sided  P  value = .004). The association 
was also statistically significant in an African American study population that included 210 prostate cancer 
patients and 346 control subjects (one-sided  P  value = .02).  

   Conclusion   A genetic variant in  DAB2IP  may be associated with the risk of aggressive prostate cancer and should be 
evaluated further.  
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that are associated with disease risk. For example, two genome-
wide association studies of prostate cancer in Iceland ( 2 ) and the 
United States ( 3 ) have recently identifi ed novel prostate cancer risk 
variants at the chromosomal locus 8q24. 

 In this study, we sought to identify SNPs that are associated 
with aggressive prostate cancer by performing a genome-wide 
association study that compared subjects with aggressive prostate 
cancer (defi ned by stage and/or grade) and those without prostate 
cancer. In the exploratory phase of our study, we combined the 
data from our study population, which was from a population-
based case – control study in Sweden, with the publicly available 
results for aggressive prostate cancer from the United States 
Cancer Genetic Markers of Susceptibility (CGEMS) Study (http://
cgems.cancer.gov/data). The focus on aggressive disease has 
at least two potential advantages. Aggressive prostate cancers are 
more likely to have a poor outcome, and, thus, identifying genetic 
variants that predict risk of aggressive disease could have an impact 
on decision making related to prostate cancer screening, diagnosis, 
and treatment. Furthermore, focusing the analysis on aggressive 
prostate cancer, a phenotype that is less common and easily distin-
guishable from unaffected men, may reduce misclassifi cation of 
case subjects and control subjects and therefore increase the power 
to detect associations. For SNPs that were associated with aggres-
sive prostate cancer in both genome-wide association analyses, we 
performed a confi rmation study in two independent populations of 
patients with aggressive prostate cancer.  

  Subjects and Methods 
  Study Samples 

  Subjects in the Two Genome-wide Association Studies of 

Aggressive Prostate Cancer.       Results from two genome-wide 
association studies of aggressive prostate cancer were combined to 
identify SNPs that are associated with aggressive prostate cancer. 
In the fi rst study, we selected 498 subjects with aggressive prostate 
cancer and 494 control subjects that matched the age distribution 
of case subjects from CAPS (Cancer of the Prostate in Sweden), 
a  population-based case – control study in Sweden ( 4 ). The 498 
patients with aggressive prostate cancer met at least one of the fol-
lowing criteria based on the biopsy specimen: clinical stage T3/T4, 
N+, M+, differential grade III, Gleason score of 8 or higher, or 
preoperative serum PSA of at least 50 ng/mL. Differential grade is 
a World Health Organization grading system that is commonly 
used in Sweden ( 5 ). In the second genome-wide association study, 
we analyzed data from all 737 patients with aggressive prostate 
cancer, defi ned as clinical stage T3/T4 or Gleason score of 7 or 
higher based on biopsy specimens, and 1105 age-matched control 
subjects from the National Cancer Institute CGEMS Initiative 
(cgems.cancer.gov) ( 3 ). All of the subjects selected from CGEMS 
were of European ancestry.  

  Subjects in the Confirmation Study of Aggressive Prostate 

Cancer.       Patients with aggressive prostate cancer (n = 1242) and 
unaffected control subjects (n = 917) from Johns Hopkins Hospital 
were studied to confirm the findings from the two genome-wide 
association studies. Prostate cancer patients with aggressive pros-
tate cancer were selected from among patients undergoing radical 

prostatectomy for treatment of prostate cancer at Johns Hopkins 
Hospital between 1999 and 2006. Tumors from each patient were 
graded and staged using uniform criteria ( 6 ). Based on radical 
prostatectomy specimens, patients that met at least one of the 
following criteria were classified as having aggressive disease: 
pathologic stage T3/T4, N+, M+, Gleason score of 7 or more, or 
preoperative serum PSA of at least 20 ng/mL. During the same 
time period, men undergoing screening for prostate cancer at the 
Johns Hopkins Hospital and other sites in the greater Baltimore 
metropolitan area were asked to participate as control subjects in 
the prostate cancer study. Serum PSA levels, results of digital rec-
tal examination, and demographic information were available for 
these control subjects. The Johns Hopkins Hospital study included 
cohorts of both European Americans (JHH-EA), with 1032 sub-
jects with aggressive prostate cancer and 571 unaffected control 
subjects, and African Americans (JHH-AA), with 210 subjects with 
aggressive prostate cancer and 346 unaffected control subjects. 
The study was approved by the institutional review board and is 
consistent with Health Insurance Portability and Accountability 
Act of 1996.  

  Additional Prostate Cancer Patients in the Cancer Genetic 

Markers of Susceptibility and Johns Hopkins Hospital Study 

Populations.       We evaluated the allele frequency of one SNP, 
rs1571801, among additional patients with nonaggressive disease in 
the CGEMS and the Johns Hopkins Hospital studies. There were 
624 subjects with nonaggressive disease in the CGEMS study (non-
aggressive was defi ned as clinical Gleason score < 7 and stage < III). 
In the study performed at Johns Hopkins Hospital, we enrolled an 
additional 528 patients of European descent and 156 patients of 
African American descent who were treated at this institution 
between 1999 and 2006 and had pathologic Gleason score of less 
than 7 and organ-confi ned disease. 

  CONTEXT AND CAVEATS 

  Prior knowledge 

 The genetic variants that may predispose individuals to prostate 
cancer are largely unknown.  

  Study design 

 Single-nucleotide polymorphisms (SNPs) were tested for their 
association with aggressive prostate cancer in a population of case 
subjects and control subjects. SNPs that appeared to be strongly 
associated with the risk of aggressive prostate cancer in the explor-
atory analyses were then further tested in two independent 
populations.  

  Contribution 

 This study found evidence that a putative tumor suppressor gene 
may be associated with the risk of aggressive prostate cancer.  

  Implications 

 If confirmed, this work and previous studies that have associated 
genetic polymorphisms with prostate cancer may furnish a basis 
for improved screening and treatment.  

  Limitations 

 Possible effects of population stratification could not be fully con-
trolled for in this study.   
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 Investigations were approved by respective local institutional 
review boards in accordance with assurances fi led with and 
approved by the US Department of Health and Human Services.   

  DNA Samples 

 DNA samples isolated from whole blood were available for all sub-
jects in CAPS and for the Johns Hopkins Hospital control subjects. 
DNA samples for the Johns Hopkins Hospital prostate cancer 
patients were isolated from frozen seminal vesicle tissues. From a 
subset of these subjects (n = 20) in which DNA from both blood and 
seminal vesicle tissues was available, we observed 100% concor-
dance in genotypes for 162 SNPs chosen randomly across the 
genome (data not shown).  

  Genotyping for the Genome-wide Association Studies 

 For the genome-wide association study in CAPS, the genotyping 
was performed at Translational Genomics Research Institute, 
Phoenix, AZ, using the GeneChip Human Mapping 500-K Array 
Set from Affymetrix (Santa Clara, CA). GeneChips were processed 
according to the manufacturer ’ s recommendations. Genotyping of 
30-K genomic fill-in SNPs and 20-K nonsynonymous SNPs was 
performed at Affymetrix using Molecular Inversion Probe tech-
nology. The 30-K fill-in SNPs include SNPs in the gaps of the 
Affymetrix 500-K SNPs, and their inclusion improved the genome-
wide coverage by approximately 7% (data not shown). The 20-K 
nonsynonymous SNPs primarily represent validated SNPs that 
result in an amino acid change from the SNP database (dbSNP). 
To ensure the quality of the genotype data, automated liquid han-
dling systems (Biomek FX, Beckman Coulter, Fullerton, CA) were 
used whenever possible, for example, when aliquoting DNA sam-
ples and setting up 500-K assays. Two quality control DNA samples 
(one from the Centre d’Etude du Polymorphisme Humain and one 
supplied by Affymetrix) were included in every 96-well plate, and 
their genotypes were compared with the genotypes as determined 
by HapMap and Affymetrix, respectively. The Bayesian Robust 
Linear Model with Mahalanobis distance classifier (BRLMM) algo-
rithm from Affymetrix was used to make genotype calls, and the 
average genotyping call rate (i.e., number of SNPs being called by 
BRLMM algorithm/total number of SNPs) was 99.1%. Genotype 
concordance for the positive controls was greater than 99%. 
HumanHap300 BeadChips from Illumina (San Diego, CA) were 
used for the genome-wide association study in CGEMS ( 3 ).  

  Genotyping for the Confirmation Study 

 SNPs that were statistically significantly associated with advanced 
prostate cancer in both genome-wide association studies and SNPs 
used for mapping were genotyped in aggressive prostate cancer 
patients and unaffected control subjects of the Johns Hopkins 
Hospital Study using the MassArray System from Sequenom (San 
Diego, CA). Polymerase chain reaction (PCR) and extension prim-
ers for these SNPs were designed using the MassARRAY Assay 
Design 3.0 software (Sequenom). 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. Duplicated and water samples, 
to which the technician was blind, were included in each 96-well 
plate as PCR negative controls. The genotype call rates of these 

SNPs were more than 98% and the average concordance rate 
between samples was more than 99%. As another quality control 
check, we tested the frequency of each SNP for agreement with 
Hardy – Weinberg equilibrium.  

  Ancestral Informative Microsatellite Markers 

 As previously described ( 6 ), the following microsatellite markers 
were typed in subjects of JHH-AA to estimate the genetic ancestry: 
D1S2630, D1S2847, D1S466, D1S493, D2S166, D3S1583, 
D3S4011, D3S4559, D4S2460, D4S3014, D5S1967, DG5S802, 
D6S1037, D8S1719, D8S1746, D9S1777, D9S1839, D9S2168, 
D10S1698, D11S1321, D11S4206, D12S1723, D13S152, D14S588, 
D17S1799, D17S745, D18S464, D19S113, D20S878, and 
D22S1172. The genotyping method has been described in detail 
previously ( 7 ). Briefly, following multiplex PCR using fluorescently 
labeled primers, the resulting PCR fragments were separated using 
capillary electrophoresis by an ABI 3730 sequencer (Applied 
Biosystems, Foster City, CA).  

  Statistical Methods 

 A Hardy – Weinberg equilibrium test was performed for each SNP 
in case subjects or control subjects of CAPS, using the Fisher’s 
exact test. SNPs for which there was statistically significant devia-
tion from Hardy – Weinberg equilibrium ( P <.05) in both case sub-
jects and control subjects or for which there was statistically 
significant deviation from Hardy – Weinberg equilibrium ( P <.01) in 
control subjects only were not analyzed further. The Haploview 
program ( http://www.broad.mit.edu/mpg/haploview ) was used to 
estimate linkage disequilibrium and perform haplotype block ana-
lysis ( 8 ). We performed association tests for each of the remaining 
SNPs using an allele test; the allele frequency of each SNP in case 
subjects and control subjects was compared using a two-sided chi-
square test. Limiting the association tests to allele tests decreases 
the number of tests but may miss SNPs that are associated with 
prostate cancer risk under some genetic models such as an over-
dominant mode of inheritance. We focused on the SNPs that were 
genotyped in both genome-wide association studies and selected 
SNPs that were statistically significant at a  P  value of less than .01 
on the basis of the allele test and had the same direction of asso-
ciation in both genome-wide association studies. For these SNPs 
(n = 7), we also performed a series of association tests using various 
genetic models for the risk allele (dominant, recessive, additive, and 
two-degree-of-freedom general models) to identify the model cor-
responding to the smallest  P  value. To confirm the associations of 
these seven SNPs with aggressive prostate cancer, we compared the 
genotype frequencies of these SNPs among patients with aggressive 
prostate cancer and unaffected control subjects of the JHH-EA and 
JHH-AA cohorts using the best genetic model obtained in the 
combined genome-wide association studies using a one-sided test. 
A one-sided test was used because this was a confirmation study, 
and only the associations in the same direction would be considered 
as confirmed. When the SNPs were confirmed, various genetic 
models, including additive, dominant, or recessive, were tested 
using unconditional logistic regression and adjusted for age and, in 
the JHH-AA cohort only, individual ancestry proportion. Odds 
ratios (ORs) and 95% confidence intervals (CIs) for prostate cancer 
were estimated for men having risk genotypes compared with men 
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having nonrisk genotypes under these genetic models. The depen-
dent variable in the logistic regression analysis was aggressive pros-
tate cancer when we compared patients with aggressive prostate 
cancer with control subjects and nonaggressive prostate cancer 
when we compared patients with nonaggressive prostate cancer 
with control subjects. Finally, the results from multiple case – control 
populations were combined using a Mantel – Haenszel model ( 9 ) in 
which the populations were allowed to have different population 
frequencies for alleles but were assumed to have a common odds 
ratio. The homogeneity of odds ratios among different study popu-
lations was tested using Breslow – Day chi-square test. 

 Associations between haplotypes of SNPs and prostate cancer 
risk were performed using a score test developed by Schaid et al. 
( 10 ), as implemented in the computer program Haplo.stat ( http://
www.mayo.edu/statgen ).  

  Test for Population Stratification 

 Thirty unlinked microsatellite markers selected as ancestry-
informative markers were genotyped among subjects in the JHH-
AA cohort ( 7 ). We used the Structure program ( http://pritch.bsd.
uchicago.edu/software/structure2_2.html ) to infer the number of 
ancestral populations and to estimate the proportion of ancestry for 
each individual ( 11 ). The individual ancestry proportion was used 
as a covariate in the association tests to minimize the effect of 
potential population stratification.  

  Assessment for Potential Systematic Bias in 

Genome-wide Association Tests in the Cancer of the 

Prostate in Sweden Study 

 Differences in genetic background between case subjects and 
control subjects (i.e., population stratification) may lead to a bias 
toward false positive associations in the results of genome-wide 
association tests ( 12 ). We tested for this potential bias by comparing 
the observed and expected numbers of statistically significant 

 Table 1 .     SNPs that were associated with prostate cancer risk in the CAPS and CGEMS studies *   

  Chr Position SNPs MA

CAPS CGEMS

Direction of 

association

 MAF

 P    †  

MAF

 P    †  

CAPS + CGEMS  JHH 

 Agg. Cont. Agg. Cont.  P    ‡  Model  P   §  

  3 45,980,482 rs1545985 G 0.401 0.322 .0003 0.400 0.349 .0024 Same 6.61 × 10  � 6 add .31
 3 45,937756 rs7652331 T 0.354 0.299 .009 0.381 0.327 .0011 Same 4.47 × 10  � 5 dom .11
 4 56,983,965 rs629242 T 0.230 0.167 .0005 0.256 0.201 .0001 Same 7.25 × 10  � 7 add .12
 4 147,108,571 rs13149290 T 0.189 0.237 .0098 0.201 0.239 .0093 Same 2.56 × 10  � 5 dom .04
 5 141,007,068 rs251177 C 0.226 0.282 .0046 0.221 0.260 .0077 Same .000188 add .37
 9 121,506,927 rs1571801 A 0.308 0.246 .0019 0.281 0.241 .0076 Same 2.84 × 10  � 5 dom .004  ||  

 13 50,722,329 rs10492519 G 0.476 0.418 .0099 0.472 0.415 .0007 Same 5.6 × 10  � 6 dom .42
 4 141,181,340 rs736349 T 0.063 0.100 .0026 0.098 0.073 .0093 Opposite
 5 97,449232 rs257226 A 0.463 0.537 .001 0.513 0.466 .0066 Opposite
 9 121,031239 rs942152 T 0.498 0.557 .0091 0.419 0.471 .0025 Opposite

 20 23,092,070 rs6083025 G 0.421 0.485 .0047 0.415 0.372 .0098 Opposite

  *   SNPs = single nucleotide polymorphisms; CAPS = Cancer of the Prostate in Sweden ( 4 ); CGEMS = Cancer Genetic Markers of Susceptibility; JHH = Johns 
Hopkins Hospital; Chr = chromosome; MA = minor allele; MAF = minor allele frequency; Agg. = patients with aggressive prostate cancer; Cont. = control 
subjects; add = additive; dom = dominant.  

   †    Test for allele frequency differences using a two-sided chi-square test.  

   ‡    Test for genotype frequency differences using a Wald chi-square test (two-sided), adjusted for age.  

  §   Test for genotype frequency differences using a Wald chi-square test (one-sided) assuming the best fitted genetic model obtained from the exploratory analyses.  

   ||    Statistically significant after adjustment for seven independent tests.   

SNPs under a null hypothesis of no disease association using a 
Kolmogorov – Smirnov test and a quantile – quantile plot. A large 
number of independent SNPs that are not associated with prostate 
cancer risk are needed for this test. Although it is impossible to 
know which SNPs are not associated with prostate cancer a priori, 
we approximated the condition of independence (from disease risk) 
by randomly selecting 1 SNP per Mb throughout the genome. To 
remove potential linkage disequilibrium among these SNPs, we 
estimated the pairwise linkage disequilibrium and obtained a set of 
SNPs (n = 2356) that had pairwise  r  2  = 0 among them. We performed 
a single SNP association test for each of these SNPs using an uncon-
ditional logistic regression model that assumed an additive mode of 
inheritance. The distribution of the observed   �   2  from these SNPs 
was compared with that under a null hypothesis of no disease asso-
ciation. The  D  statistic of the Kolmogorov – Smirnov test was 0.026 
( P  = .08), suggesting no systematic bias in the association results. The 
quantile – quantile plot of these data is presented in Supplementary 
Fig. 1 (available online). The slope of the observed   �   2  was 1.01; thus, 
there was no evidence for a systematic upward bias ( 12 ).   

  Results 
 Among the 60   275 SNPs that were genotyped in both our study and 
CGEMS, 81 SNPs were statistically significantly ( P <.05 from two-
sided allele tests) associated with aggressive prostate cancer and with 
consistent effects on risk (positive or negative) in both genome-wide 
association studies (Supplementary Table 1, available online). 
Eleven SNPs had a statistically significant association with prostate 
cancer using a threshold of  P <.01 (two-sided test) in both studies 
( Table 1 ), seven of which had consistent risk associations in both 
studies. Data from the two genome-wide association studies were 
combined, and a series of association tests using various genetic 
models (dominant, recessive, additive, and two-degree-of-freedom 
general models) were performed to identify the best model 
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(i.e., the model for which the  P  value was smallest) for each of the 
SNPs (data not shown). We then evaluated these seven SNPs among 
1032 patients with aggressive prostate cancer and 571 unaffected 
control subjects from the JHH-EA study population using the best 
model obtained in the combined genome-wide association studies 
for each SNP. We found an association for one of the seven SNPs 
(rs1571801 at 9q33,  P  = .004 under a dominant model for allele A, 
one-sided test). The association was statistically significant at a 5% 
type I error level after adjusting for seven tests using a Bonferroni 
correction ( P  adjusted  = .028). The association was even stronger when 
the analysis was limited to the 578 case subjects with Gleason score 
greater than 8,  P  = .001 (one-sided test). The frequency of allele A of 
the SNP rs1571801 was consistently higher among case subjects 
than among control subjects in the three populations (frequency in 
case subjects/frequency in control subjects = 0.31/0.25, 0.28/0.24, 
and 0.27/0.23 in CAPS, CGEMS, and JHH-EA, respectively). To 

further confirm this association and test it among populations of 
non-European ancestry, we genotyped rs1571801 among 210 patients 
with aggressive prostate cancer and 346 unaffected control subjects 
from the JHH-AA study population. Under a dominant model for 
allele A, we found that the SNP was statistically significantly associ-
ated with aggressive prostate cancer ( P  = .02, one-sided test).     

 As shown in  Table 2 , compared with men who have CC geno-
type at rs1571801, men who carried risk genotypes (CA and AA) 
had a statistically signifi cantly increased risk of aggressive prostate 
cancer in each of the four study populations. The estimated ORs 
in the discovery study populations were 1.50 (95% CI = 1.17 to 
1.93,  P  = .0015, two-sided test) in CAPS and 1.29 (95% CI = 1.06 
to 1.57,  P  = .0096, two-sided test) in CGEMS. The combined OR 
in the two independent confi rmation study populations (JHH-EA 
and JHH-AA) was 1.36 (95% CI = 1.13 to 1.63,  P  = .001, two-sided 
test).     

 Table 2 .     Association of rs1571801 and prostate cancer risk according to study group and prostate cancer aggressiveness *   

Study group Genotype

Number (%) of subjects

OR (95% CI)  P    †    Case subjects Control subjects  

  Aggressive disease

CAPS CC 233 (46.8) 281 (56.9) 1.00 (referent)  
 CA 223 (44.8) 183 (37.0)  
 AA 42 (8.43) 30 (6.07)  

 CA/AA 265 (53.2) 213 (43.1) 1.50 (1.17 to 1.93) .0015 
 CGEMS CC 347 (51.6) 626 (58.0) 1.00  

 CA 272 (40.5) 388 (35.9)  
 AA 53 (7.89) 66 (6.11)  

 CA/AA 325 (48.4) 454 (42.0) 1.29 (1.06 to 1.57) .0096 
 JHH-EA CC 553 (53.6) 345 (60.4) 1.00  

 CA 409 (39.6) 186 (32.6)  
 AA 70 (6.78) 40 (7.01)  

 CA/AA 479 (46.4) 226 (39.1) 1.32 (1.07 to 1.63) .0083 
 JHH-AA CC 144 (69.2) 267 (77.2) 1.00  

 CA 59 (28.4) 69 (19.9)  
 AA 5 (2.40) 10 (2.89)  

 CA/AA 64 (30.8) 79 (22.8) 1.50 (1.02 to 2.21) .039 
 Combined (JHH-EA/
 JHH-AA)

CA/AA vs CC 1.36 (1.13 to 1.63)  .001  ‡  

 Non-aggressive disease

CGEMS CC 242 (50.6) 626 (58.0) 1.00  
 CA 195 (40.8) 388 (35.9)  
 AA 41 (8.58) 66 (6.11)  

 CA/AA 236 (49.4) 454 (42.0) 1.34 (1.08 to 1.67) .007 
 JHH-EA CC 295 (56.1) 345 (60.4) 1.00  

 CA 193 (36.7) 186 (32.6)  
 AA 38 (7.22) 40 (7.01)  

 CA/AA 231 (43.9) 226 (39.1) 1.20 (0.94 to 1.52) .14 
 Combined (CGEMS/
 JHH-EA)

CA/AA vs CC 1.28 (1.09 to 1.50)  .003  ‡  

 JHH-AA CC 113 (72.9) 267 (77.2) 1.00  
 CA 38 (24.5) 69 (19.9)  
 AA 4 (2.58) 10 (2.89)  

 CA/AA 42 (27.1) 79 (22.8) 1.26 (0.81 to 1.94) .3 
 Combined (CGEMS/
 JHH-EA/JHH-AA)

CA/AA vs CC 1.27 (1.10 to 1.48)   .0017  ‡  

  *   OR = odd ratio; CI = confidence interval; CAPS = Cancer of the Prostate in Sweden ( 4 ); CGEMS = Cancer Genetic Markers of Susceptibility; JHH = Johns 
Hopkins Hospital; JHH-EA = European American subjects in JHH; JHH-AA: African American subjects in JHH.  

   †    Based on Wald chi-square test (two-sided), assuming a dominant model and adjusted for age.  

   ‡     P  values are based on the Mantel – Haenszel test.   
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 To test the possibility that the SNP rs1571801 is associated with 
risk of overall prostate cancer rather than risk of aggressive pros -
tate cancer alone, we estimated the allele frequency of rs1571801 
among patients with nonaggressive prostate cancer in several 
studies, including 624 patients from CGEMS and 528 patients of 
European descent and 156 patients of African American descent in 
the Johns Hopkins Hospital Study. The allele frequency in patients 
of European ancestry with nonaggressive prostate cancer was 0.29 
in CGEMS and 0.25 in the JHH-EA population, similar to that in 
patients with aggressive prostate cancer. When the patients in the 
CGEMS and JHH-EA populations were combined, carriers of the 
allele A of rs1571801 had a statistically signifi cantly increased risk 
of nonaggressive prostate cancer (OR = 1.28, 95% CI = 1.09 to 
1.50,  P  = .003, two-sided test). No heterogeneity was detected in 
the estimates of odds ratios among the two studies ( P  = .48 based 
on a Breslow – Day chi-square test). By contrast, the frequency of 
allele A of rs1571801 in nonaggressive patients in the JHH-AA 
cohort was 0.15, in between that of aggressive prostate cancer 
(0.17) and control subjects (0.13). Carriers of the risk allele A had 
an increased risk of nonaggressive prostate cancer, but the increase 
was not statistically signifi cant (OR = 1.26, 95% CI = 0.81 to 1.94, 
 P  = .3, two-sided test). When subjects with nonaggressive prostate 
cancer and control subjects from the CGEMS study and the JHH-
EA and JHH-AA populations were combined, carriers of allele A 
had a moderately increased risk for nonaggressive prostate cancer 
(OR =1.27, 95% CI = 1.10 to 1.48;  P  = .0017, two-sided test). 

 To fi ne map the genomic region of the SNP rs1571801, which is 
at 121,506,927 bp on chromosome 9 (NCBI Build 35), we examined 
the association results for all of the surrounding SNPs in the 
genome-wide association studies of CAPS and CGEMS (including 
more than 300   000 SNPs in the initial phase and 240-K SNPs of 
the second phase of CGEMS). A 19-kb region, fl anked by SNPs 
rs7025486 at 121,501,957 bp (proximal) and rs7047340 at 
121,520,958 bp (distal) was studied. Within the region, we selected 
all of the independent polymorphic SNPs in the CEU (Utah resi-
dents with ancestry from northern and western Europe) population 
of the HapMap database that had pairwise  r  2  greater than 0.8 (n = 
11) and all reported SNPs in the dbSNPs (n = 15). Genotyping these 
SNPs among a subset of the patients with aggressive prostate cancer 
in the JHH-EU cohort (n = 578) and control subjects (n = 571) 
revealed that all 15 dbSNPs were monomorphic and that none of 
the 11 HapMap SNPs was statistically signifi cantly associated with 
risk of aggressive prostate cancer (Supplementary Table 2, available 
online). However, we found that the approximately 6-kb region 
immediately fl anking rs1571801 did not contain any known poly-
morphic SNPs (between rs2150711 at 121,505,429 and rs10119920 
at 121,511,808). Therefore, we attempted to identify novel SNPs in 
this region among 48 JHU-EA prostate cancer case subjects and 48 
control subjects by sequencing. This sample size had power greater 
than 99% to detect variants with minor allele frequency greater than 
5%, as estimated by Kruglyak and Nickerson ( 13 ). Analysis of the 
sequencing data revealed four novel sequence variants (gasp66154, 
gasp66601, gasp68276, and gasp68492), all of which mapped to a 
2.4-kb region that includes rs1571801. We genotyped these four 
SNPs; two of these novel SNPs, one proximal (gasp66601 at 
121,506,334) and one distal (gasp68492 at 121,508,225) to rs1571801, 
were statistically signifi cantly associated with risk of prostate cancer 

( Fig. 1, A ; Supplementary Table 2, available online). These two 
SNPs are in strong linkage disequilibrium with rs1571801 ( r  2  = 0.98; 
 Fig. 1, B ). The remaining two SNPs (gasp68276 and gasp66154), 
both of which are in low linkage disequilibrium with rs1571801 
( r  2  = 0.02), were not statistically signifi cantly associated with prostate 
cancer risk. A haplotype analysis of these four SNPs together with 
rs1571801 provided evidence for association with aggressive prostate 
cancer risk ( P  = .02, two-sided test) and revealed one haplotype with 
frequencies of 0.26 and 0.23 in case subjects and control subjects, 
respectively. The results of association tests for the haplotype of a 
broader region including all eight SNPs in block 1 ( Fig. 1, B ) were 
not statistically signifi cant, suggesting the prostate cancer – associated 
sequence variants at this region are most likely near rs1571801. The 
localization of prostate cancer association at this region to rs1571801 
is further supported by the results from JHH-AA cohort in which 
rs1571801 was statistically signifi cantly associated with prostate can-
cer risk, but the two fl anking SNPs, gasp66601 and gasp68429, were 
not ( P  = .19 and .18, respectively, two-sided test).      

  Discussion 
 The power of genome-wide association studies to systematically 
and objectively detect disease genetic variants associated with 
disease risk was demonstrated by two recent studies that indepen-
dently revealed the association of 8q24 variants and risk of pros-
tate cancer ( 2 , 3 ). The 8q24 risk variants were among the SNPs 
most strongly associated with prostate cancer risk in both studies; 
 P  = 1.6 × 10  � 14  and 9.7 × 10  � 5  for the SNP rs1447295 in the 
Icelandic population ( 2 ) and the CGEMS study, respectively ( 3 ). 
In this study, we utilized a combined approach to search for vari-
ants that increase risk of aggressive prostate cancer, the most 
deadly form of the disease. 

 Among approximately 60   000 SNPs that were studied in the 
genome-wide association studies of aggressive prostate cancer in 
Sweden (CAPS) and in the CGEMS study, we identifi ed seven 
SNPs that were statistically signifi cantly associated with aggressive 
prostate cancer risk at a threshold of  P  greater than .01 and had 
a similar association with risk in both studies. Association with 
aggressive prostate cancer was confi rmed for one of the seven 
SNPs in two independent study populations from Johns Hopkins 
Hospital, one composed of Europeans and the other of African 
Americans. Carriers of risk allele had a statistically signifi cantly 
increased risk of aggressive prostate cancer in these two indepen-
dent confi rmation populations, with combined OR = 1.36, 95% 
CI = 1.13 to 1.63,  P  = .001. The risk allele was also associated with 
a statistically signifi cant but slightly lower risk for nonaggressive 
prostate cancer (OR = 1.27, 95% CI = 1.10 to 1.48,  P  = .0017). 

 SNP rs1571801 maps within the  DAB2IP  gene (MIM 190020). 
There are two  DAB2IP  isoforms annotated in Entrez Gene, 
isoforms 1 and 2, and a third larger transcript listed in the RefSeq 
(the National Center for Biotechnology Information Reference 
Sequence) database. SNP rs1571801 is located in intron 1 of this 
third transcript, approximately 14-kb upstream of exon 2, and 
approximately 34-kb upstream of the transcription start site of 
Entrez isoform 1. 

  DAB2IP  encodes a novel Ras GTPase-activating protein 
that is a potent negative regulator of RAS/PKC-elicited signal 
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   Fig. 1  .    A schematic view of single-nucleotide polymorphisms (SNPs) in 
the 16-kb fl anking region of rs1571801 and genomic region of the 
 DAB2IP  gene. ( A ) Association tests for 16 SNPs at 9q33.2 and prostate 
cancer among 1032 aggressive prostate cancer case subjects and 571 
control subjects, all of which are European Americans, collected at 
Johns Hopkins Hospital (JHH-EA). The y-axis is the  � log 10

 ( P  ) for asso-
ciation tests under a rare allele dominant model. The x-axis is the physi-

cal position on chromosome 9 based on UCSC Build 35. Each  dot  
represents a SNP. ( B ) Pairwise  r   2  between the 16 SNPs among 1032 
case subjects and 571 control subjects from JHH-EA. Two haplotype 
blocks, estimated using the default parameters of Haploview, are 
shown. ( C ) Genomic view at the  DAB2IP  gene and the location of CpG 
Islands at the region, as obtained from UCSC. The 16-kb fl anking region 
of rs1571801 is represented by the  red bar .    
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transduction ( 14 ).  DAB2IP  is expressed in normal prostate 
epithelial cells ( 15 ), but the expression is typically decreased in prostate 
cancer cells ( 16 ), and induced expression by DNA transfection 
suppresses the growth of prostate cancer cells. Recently, the 
reduced expression of  DAB2IP  has been shown to correlate with the 
increased expression of the transcriptional repressor  EZH2  ( 17 ), a 
component of the polycomb complex 2/3. The increased expression 
of  EZH2  has been shown to be one of the most robust markers of 
aggressive prostate cancer ( 18 ). The association of polycomb 
repressor complexes with the  DAB2IP  promoter in prostate cancer 
cells but not normal epithelium is consistent with the fi ndings of 
frequent promoter hypermethylation-associated inactivation in 
prostate and other cancers, including breast cancers ( 19 , 20 ). The 
DAB2IP protein also binds to and thereby activates MAP3K5 (also 
referred to as apoptosis signal regulating kinase 1) and is required 
for tumor necrosis factor – mediated Jun kinase signaling-mediated 
cell apoptosis ( 21 , 22 ). Finally, a  DAB2IP -inactivating gene fusion 
event has been identifi ed in acute myelogenous leukemia ( 23 ). 
Thus, considerable circumstantial evidence and the diverse func-
tional properties of the protein encoded by this gene make it an 
attractive candidate for a prostate cancer aggressiveness risk gene. 

 Although the overall statistical evidence for the association 
between rs1571801 and prostate cancer risk is strong, and the asso-
ciation is supported by its location in a tumor suppressor gene, care 
should be exercised when interpreting our fi ndings. This SNP was 
selected from screening 60   275 SNPs in the genome from two 
genome-wide association studies, with  P  = .0019 in the CAPS study 
and  P  = .0076 in the CGEMS study from allele tests. It is likely 
( P  = .0019 × .0076 × .5 × 60275 = .37) that we would identify two 
such  P  values with the same (positive or negative) qualitative asso-
ciation with risk under the null hypothesis of no association. The 
primary evidence for its association with aggressive prostate cancer 
comes from the confi rmation in the JHH-EA cohort (nominal one-
sided  P  value = .004) after testing for associations with seven SNPs 
and in the smaller JHH-AA cohort (nominal one-sided  P  = .02 after 
a single test). Careful examination of the frequency of allele A in 
the case subjects (0.27) and control subjects (0.23) of the JHH-EA 
indicated the statistically signifi   cant difference is mainly due to the 
low allele frequency among the control subjects in this population. 
Based on 1145 breast cancer case subjects (0.26) and 1142 control 
subjects (0.26) of the CGEMS breast cancer study, the best esti-
mate of the population frequency of allele A for the SNP rs1571801 
in the JHH-EA is approximately 0.26. However, the lower esti-
mate of frequency of allele A for the SNP in the control subjects of 
JHH-EA could be due to the fact that the control subjects were 
screened for prostate cancer, lowering the number of subjects with 
aggressive prostate cancer in this group. The lower allele frequency 
observed in the control subjects of the CGEMS prostate cancer 
study could be a result of extensive disease screening as well. 
Finally, although the individual ancestry proportion was adjusted 
in the association tests in JHH-AA population, no such correction 
was made in the JHH-EA population. Therefore, the statistically 
signifi cant association of rs1571801 with the risk of advanced pros-
tate cancer could be an artifact of population stratifi cation. 

 In summary, we report the discovery of a statistically signifi cant 
association of prostate cancer risk with an allele in the  DAB2IP  gene ,  
a prostate cancer tumor suppressor. Our study is among the fi rst 

to report the presence of a potentially important prostate cancer 
aggressiveness locus based upon genome-wide association analysis. 
However, we cannot rule out about the possibility of false-positive 
association. This report is intended to stimulate the conduct of 
additional confi rmation studies for a gene that has strong initial sta-
tistical support and biologic relevance as a tumor suppressor gene.    
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