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Abstract
Background—The majority of established prostate cancer risk-associated Single Nucleotide
Polymorphisms (SNPs) identified from genome-wide association studies do not fall into protein
coding regions. Therefore, the mechanisms by which these SNPs affect prostate cancer risk remain
unclear. Here, we used a series of bioinformatic tools and databases to provide possible molecular
insights into the actions of risk SNPs.

Methodology/Principal Findings—We performed a comprehensive assessment of the
potential functional impact of 33 SNPs that were identified and confirmed as associated with PCa
risk in previous studies. For these 33 SNPs and additional SNPs in Linkage Disequilibrium (LD)
(r2 ≥ 0.5), we first mapped them to genomic functional annotation databases, including the
Encyclopedia of DNA Elements (ENCODE), eleven genomic regulatory elements databases
defined by the University of California Santa Cruz (UCSC) table browser, and Androgen Receptor
(AR) binding sites defined by a ChIP-chip technique. Enrichment analysis was then carried out to
assess whether the risk SNP blocks were enriched in the various annotation sets. Risk SNP blocks
were significantly enriched over that expected by chance in two annotation sets, including AR
binding sites (p=0.003), and FoxA1 binding sites (p=0.05). About one third of the 33 risk SNP
blocks are located within AR binding regions.

Conclusions/Significance—The significant enrichment of risk SNPs in AR binding sites may
suggest a potential molecular mechanism for these SNPs in prostate cancer initiation, and provide
guidance for future functional studies.
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Introduction
Genome-wide association studies have identified ~33 established prostate cancer (PCa) risk-
associated Single Nucleotide Polymorphisms (SNPs) (1–9). SNPs are DNA sequence
variations occurring when a single nucleotide in the genome differs between individuals.
Although these SNP associations have been consistently replicated in multiple studies, the
functional roles of these risk SNPs remain uncharacterized, largely due to their location in
DNA regions that do not encode proteins. Additionally, almost half of the SNP loci are
located in regions which do not harbor any known genes. For example, multiple SNPs at
8q24 reside within a 1.3Mb gene-desert region (10), with the closest gene, c-Myc, located
~300kb downstream to rs1447295. Because the knowledge base for non-coding DNA is
generally limited, few studies have been performed to evaluate the functional impact of the
risk SNPs on PCa etiology (11–12). Indeed, the ability to understand the functional impact
of the risk SNPs will most likely require additional emphasis on potential transcriptional
regulatory mechanisms on non-coding DNA sequence.

The Encyclopedia of DNA Elements (ENCODE) project aims to provide a comprehensive
catalog of biological information for functionally important elements. These elements
include non-protein coding DNA sequences which regulate gene transcription, gene
expression, and DNA replication. The ENCODE pilot study rigorously analyzed a small
proportion (1%) of the human genome using computational and experimental methods.
Results of the pilot study highlighted the complexity of transcriptional regulation and
demonstrated the knowledge gap in this area (13). Based on the initial success, National
Human Genome Research Institute (NHGRI) expanded the human ENCODE project to the
whole genome (www.genome/gov/ENCODE). At this time, a primary focus of ENCODE is
on the characterization of binding of transcriptional factors (TF) and chromatin structure,
which represent two of the major factors involved in transcriptional regulation, using the
ChIP-seq technique. ChIP-seq is a state-of-the-art high-throughput approach that involves
chromatin immunoprecipitation and high-throughput sequencing of immunoprecipitated
DNA. Compared with other methods of characterizing regulatory elements, a key advantage
of ChIP-seq is a systematic and nonbiased approach, which does not depend on previous
knowledge of canonical promoter regions and allows for evaluation of binding complexes of
transcription factors and regulatory elements in a more natural state (14). The availability of
this comprehensive catalog may facilitate an improved understanding of the functional role
of risk SNPs located in non-coding regions.

In addition to the ENCODE project, several recent studies have utilized the high-throughput
ChIP-chip method to identify genome-wide binding sites for transcription factors, including
Androgen receptor (AR), Forkhead box A1 (FoxA1), and Estrogen receptor (ER) (15,16).
Similar to ChIP-seq, ChIP-chip is another high-throughput, global approach for mapping
transcription factors. ChIP-chip analysis involves isolating target DNA through chromatin
immunoprecipitation, followed by analysis on DNA microarrays that tile the human genome
(14). AR is a well-known transcription factor that plays an important role in prostate cancer
initiation and progression. Risk SNPs located in putative AR binding sites might change the
affinity of androgen-AR complex to binding sequences, thus providing a mechanism leading
to modification of PCa risk.

In our study, we performed a comprehensive assessment of the potential functional impact
of SNPs that were associated with PCa risk by GWAS studies, utilizing ENCODE genomic
annotation databases, as well as ~20 annotation databases from the University of California
Santa Cruz table browser (UCSC table browser) (http://genome.ucsc.edu/) and TF binding
sites defined by previous studies (15,16). Enrichment analysis was then performed to
evaluate whether the risk SNPs were over-represented in any of the annotation sets. To our
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knowledge, our study is among the first attempts to comprehensively characterize the
potential function of risk SNPs using existing bioinformatic databases. These results assist in
the interpretation of the molecular mechanisms of the risk SNPs on PCa etiology and
provide guidance for future functional studies.

Methods
Define SNPs that are in Linkage Disequilibrium (LD) with established PCa risk-associated
SNPs discovered from GWAS

The causative SNP may be the risk SNP itself or the SNPs in LD with them. Therefore, we
identified all SNPs in LD (r2 ≥ 0.5) with the 33 risk SNPs discovered by GWAS (SNPs that
reached a genome-wide significance level with a p value equal or less than 10−7 in previous
studies (1–9)) based on the CEU genotype data from the HapMap release #27 (Phase II
+PhaseIII) (http://hapmap.ncbi.nlm.nih.gov/). We consider each risk SNP and SNPs that are
in LD (r2 ≥ 0.5) with it as one risk SNP block.

Overlapping the risk SNP blocks with functionally annotated genomic regions
We mapped SNPs in each risk SNP block to the ENCODE genomic annotation databases
(release #2), as well as eleven annotation databases from UCSC (http://genome.ucsc.edu/)
and transcription factors defined by previous studies. We defined a risk SNP block as
located within a given annotated region if the risk SNP itself, or at least one of the SNPs in
LD with the risk SNP, mapped to the annotated region.

Assessment of enrichment of the risk SNP blocks in the annotated genomic regions
We counted the number of risk SNP blocks that mapped to each annotated genomic region.
Each risk SNP block was counted only once, even if more than one SNP within the same
block mapped to the annotated region. A simulation analysis was used to assess the
statistical significance of any potential enrichment for risk SNP blocks within annotated
genomic regions, under a null hypothesis that none of these blocks were truly associated
with PCa risk. We began the simulation analysis by randomly generating 1,000 sets of 33
SNPs (1,000 replicates) from the ~2.5 million SNPs in the genome with minor allele
frequency (MAF)>=0.05 (Hapmap Phase II). We then identified all SNPs in LD with the
randomly selected 33 SNPs, and performed the same analysis as for the true risk SNPs,
including overlapping the SNP blocks with functionally annotated genomic regions and then
counting the number of the SNP blocks that mapped to each annotated genomic region.
Next, the mean number of risk SNP blocks that mapped to each annotated region was
calculated based on the average counts of the 1,000 replicates. Finally, empirical p-values
were calculated based on the number of replicates in which the number of counts was equal
or larger than the observed number, divided by the total number of replicates. To reduce the
concern of multiple testing, we limited the enrichment analysis to annotation sets with 5 or
more mapped risk SNP blocks.

Results
Identification of SNPs in LD with PCa risk SNPs

We identified a total of 972 SNPs in LD with the 33 risk SNPs. A list of these SNPs and
pair-wise r2 for each risk SNP is provided in Supplementary Table 1.

Defining the functional annotation databases
We further grouped the genomic annotation databases into six categories (Table 1), majorly
based on the potential functionality and techniques used to define the annotation sets: 1)
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Yale ENCODE (Yale Transcription Factor Binding Sites (TFBS)) characterizes the binding
sites for a series of transcription factors including c-Myc, GATA-2, SIRT6, TCF7L2,
STAT1, NK-kB, c-Fox, c-Jun, E2F6, Max and SIRT6; 2) Broad ENCODE (Broad histone)
defines genomic regions with chromatic accessibility and histone modifications, including
regions that are enriched with histone markers (H3K4m1, H3K4m2, H3K4m3, H3K27ac,
and H3K9ac); 3) regulatory elements defined by UCSC table browser
(http://genome.ucsc.edu/), which includes 11 genomic regulatory annotation sets; 4) a
conserved region annotation set was also retrieved from UCSC phastConsElements28way
and phaseConsElements17way table with conservation scores >500 (a conservation score is
a measurement of the degree of conservation of a genomic region) ; 5) coding regions and
splice sites that include annotation sets for the protein coding regions, and non-protein-
coding RNAs (including transfer RNAs, ribosomal RNAs, small nuclear RNAs, and micro
(mi) RNAs); 6) annotation sets including AR, ER and FoxA1 binding sites as defined by the
ChIP-on-chip technique were obtained from previous studies (14,15).

Mapping of risk SNP blocks to the functional annotation sets
Detailed annotation for each of the 33 risk SNP blocks are shown in Table 2. Only
annotation sets with more than one mapped risk SNP block are listed in Table 2. Detailed
information about the mapped SNPs that are in LD with the risk SNPs are presented in
Supplementary Table 2. Briefly, 10 risk SNP blocks fall into conserved regions. No risk
SNP blocks map to coding regions, non-synonymous changes, splice sites, non-protein-
coding RNAs, miRNAs, miRNA target regions or methylation sites (data not shown). Based
on category #6 genomic annotation databases (defined in preceding paragraph), 11, 4 and 9
risk SNP blocks were found to map to AR, ER and FoxA1 binding sites, respectively.

Enrichment analysis
Risk SNP blocks were significantly enriched in genomic regions containing AR binding
sites, with 11 (34.4%) risk SNP blocks mapping to these sites, whereas only 4.0 (12.5%)
blocks randomly generated from the genome are located at such sites (p=0.003). Similarly,
risk SNP blocks were significantly enriched in regions containing FoxA1 binding sites (7
(21.88%) vs 3.47 (10.84%); p=0.05) (Table 2). Risk SNP blocks were not significantly
enriched in any of the other annotation genomic sets that were tested.

Discussion
PCa risk-associated SNPs identified from GWA studies have been consistently replicated
and confirmed in a large number of studies (1–9). The clinical utility of predicting an
individual’s risk for PCa and identification of high risk men for PCa using these SNPs have
been extensively discussed and explored (17–19). In contrast, the biological mechanisms by
which the risk SNPs affect PCa initiation are poorly understood. In this study, we used
bioinformatics tools to provide insight into the potential functional impact of these SNPs.
Importantly, risk SNPs were found to be significantly enriched over that expected by chance
in two functional annotation sets, consisting of AR binding sites (p=0.003) and FoxA1
binding sites (p=0.05).

AR, a member of the nuclear hormone receptor family, is a well-known transcription factor
which plays an important role in prostate cancer initiation, although the precise mechanisms
by which androgens promote prostate carcinogenesis remain ill-defined despite years of
investigation. It is clear, however, that healthy men receiving preventive drugs that block the
conversion of testosterone to dihydrotestosterone, the more potent androgen, experience a
significant reduction (~25%) in PCa risk (20,21). Upon androgen binding, the AR-androgen
dimer translocates from the cytosol into the cell nucleus. The AR-androgen dimer complex
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then binds to specific DNA sequences known as AR binding sites, recruiting coactivators
and other factors which direct and regulate target gene expression. In our study, we
demonstrated that almost one third of the 33 known risk SNP blocks are located in AR
binding regions identified by the ChIP-chip method (15). A total of ~22,000 AR binding
regions have been mapped across the prostate cell genome, using the Model-based Analysis
of Tiling-arrays (MAT) algorithm (22) and based on a false discovery rate of 15% (p<10−4)
(15). The average length of the AR binding regions is 911 base pairs (bp), with a range from
299 to 5,554 bp. The significant enrichment of known risk SNP blocks in regions that harbor
AR binding regions suggests a molecular mechanism that may explain the associations
between the risk SNPs and PCa risk. The statistical significance (P=0.003) remains even
after a stringent Bonferroni correction (13 independent tests were performed in enrichment
analysis, p=0.05/13=0.0037). Known risk SNPs that are located within the putative AR
binding sites may change the binding affinity of the AR-androgen complex for the binding
sequence, leading to altered expression of AR target genes that presumably play rate
limiting roles in PCa formation.

Risk SNP blocks were also enriched in FoxA1 binding sites with a nominal p value of 0.05.
FoxA1 acts as an AR collaborating cofactor and assists nuclear receptor binding in certain
genomic regions (23,24). The coupling of FoxA1 to binding sites is required for AR binding
to enhancers in multiple AR-targeted genes (15). SNPs that reside in FoxA1 binding sites
may affect the binding affinity of FoxA1 protein and lead to increased risk for PCa.
However, the importance of risk SNPs and FoxA1 binding need to be interpreted with
caution since the enrichment in FoxA1 did not reach statistical significance after Bonferroni
correction (P = 0.65 after Bonferroni correction).

One advantage of our study is the use of a comprehensive and unbiased approach to evaluate
TF binding regions defined by ChIP-seq and ChIP-chip techniques, which allowed us to
evaluate the regulatory elements on a genome-wide level. Regulation of gene expression is a
complicated process and current knowledge in this area is very limited. The pilot study of
the ENCODE project revealed that only about 25% of the regulatory elements are located
near previously identified transcription starting sites (TSS). This suggests the ChIP-on-chip
method is able to identify a large number of promoter regions and regulatory elements that
were previously unknown and distant from the classical TSS (13). Although we did not
observe any significant enrichment of risk SNP blocksin the ENCODE annotation sets, this
might be due to tissue-specific patterns of TF and TF regulation. Currently, a variety of cell
lines, mainly Hela and GM06990 have been used for the identification of regulatory
elements in the ENCODE project. The LNCaP cell line is currently proposed for study by
ENCODE consortium in Tier 3 (http://genome.ucsc.edu/ENCODE/cellTypes.html). Prostate
cancer tissue-specific TF binding may provide valuable information for evaluating the
molecular mechanisms of risk SNPs on PCa risk.

The fact that no risk SNP blocks are located in regions that code proteins may be due to two
reasons. First, we only evaluated SNPs that are characterized by the Hapmap project, in
which unknown SNPs that are located in protein coding regions are not evaluated. Secondly,
the current resources that are commonly used for gene annotation, RefSeq and ENSEMBLE,
likely represents an incomplete catalogue of human genes. SNPs may be located within
exons that are not yet identified. In fact, about 60% of GENCODE exons (GENCODE is a
sub-project of ENCODE, which aimed to provide a reference annotation of all protein-
coding genes within the pilot study of the ENCODE project) are not annotated in RefSeq
and ENSEMBL (25). This fact indicates that a high number of alternative slice forms with
unique exons exist across the genome (25). With the completion of ENCODE in the near
future, a richer and more complete annotation of human genes should provide more insight.
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We also did not observe significant enrichment of risk SNP blocks in the regulatory
annotation sets defined by UCSC table browsers. However, the null results for these
annotation sets need to be interpreted with caution. The majority of the regulatory elements
annotation sets are defined by computational algorithms, rather than by biological
experiments. In addition, the regulatory elements predicted in those annotation sets are not
tissue specific.

In summary, our study is among the first to comprehensively evaluate the potential
functional impact of risk loci identified for PCa through GWAS studies. The fact that about
one third of 33 SNP blocks fall within AR binding regions, and that the risk SNPs were
statistically enriched in AR regions, may suggest a potential molecular mechanism by which
risk SNPs contribute to PCa initiation. These results also provide a guidance for future
functional studies. In addition, the databases used for bioinformatics annotation could also
be used to annotate and prioritize variants identified through GWAS and whole-genome
sequencing.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Table 1

Annotation databases will be used for the bioinformatics analysis

Annotation type Brief explanation Sources and references

Yale TFBS

Transcription factors Transcription factor binding sites as defined by Encode project,
including c-Myc, GATA-2, SIRT6, TCF7L2, STAT1, NK-kB, c-
Fox, c-Jun, E2F6, Max, SIRT6

Encode project performed by Yale
University, UCSC Table browser

Broad Histone

Histone modifications Genomic regions with chromatic accessibility and histone
modifications, including regions that are enriched with histone
marks (H3K4m1, H3K4m2, H3K4m3, H3K27ac, and H3K9ac)

ENCODE project performed by Broad
Institute, UCSC Table browser

Regulatory elements defined by UCSC table browser

CpgIslandExt Targeted methylation regions (CpG island) predicted by
computation algorithms

UCSC Table browser, ref 26

encodeUViennaRnaz Noncoding RNA region predicted by three computational
algorithms (EvoFold, RNAz and AlifoldZ) in ENCODE regions

UCSC Table browser, ref 27

eponine Transcription start sites (TSS) predicted by a probabilistic method
(Eponine), with good specificity and excellent positional accuracy.

UCSC Table browser, ref 28

firstEF Computationally predicted promoter regions and first exons in the
human genome

UCSC Table browser, ref 29

lamB1 Genomics regions interacting with nuclear lamina may contribute
to the spatial organization of chromosomes inside the nucleus

UCSC Table browser, ref 30

oregano The Open REGulatory ANNOtation database (ORegAnno) is an
open database for the known regulatory elements from scientific
literature (with various biological experimentally supported
regulatory regions)

UCSC Table browser

polyaDb mRNA ploly (A) sites that are mapped by cDNA/EST sequences UCSC Table browser, ref 31

switchDbTss Computationally predicted transcription start sites (TSS) based on
cDNA alignment

UCSC Table browser, ref 32

targetScanS TargetScan predicts biological targets of micro (mi) RNAs by
searching for the presence of conserved 8mer and 7mer sites that
match the seed region of each miRNA

UCSC Table browser, ref 33–35

tfbsConsSites Location and score of transcription factor binding sites conserved
in the human/mouse/rat alignment; data are computed with the
Transfac Matrix Database (v7.0) and are purely computational

UCSC Table browser

VistaEnhancers Defines distant-acting transcriptional enhancers by combining
computational approach and a moderate throughput mpise
transgenesis enhancer assay

UCSC Table browser, ref 36

Conserved region

Conserved region Genomic region that are conserved across different species UCSC phastConsElements28way and
phaseConsElements17way table with
conservation score >500

Coding region and splicing sites

Coding Genomic regions coding for genes UCSC Table browser

Non-Synonymous change Genomic regions where a nucleotide substitution leads to an amino
acid change

UCSC Table browser

Splice sites Functional element that affect the splicing process UCSC snp129

Non-protein-coding RNAs Transfer RNAs, ribosomal RNAs, small nuclear RNAs, and
miRNAs

UCSC Table browser (rnaGene)

Transcription factor binding sites defined by ChIP-on-chip technique

AR binding Androgen Receptor binding regions defined by ChIP-on-chip
technology

ref 15
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Annotation type Brief explanation Sources and references

ER binding Estrogen Receptor binding regions defined by ChIP-on-chip
technology

ref 16

FoxA1 binding FoxA1 binding regions defined by ChIP-on-chip technology ref 15

Prostate. Author manuscript; available in PMC 2012 June 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Lu et al. Page 11

Ta
bl

e 
2

A
nn

ot
at

io
n 

in
fo

rm
at

io
n 

on
 3

3 
ris

k 
SN

P 
bl

oc
ks

 b
as

ed
 o

n 
va

rio
us

 g
en

om
ic

 d
at

ab
as

es

C
H

R
SN

Ps
N

ot
e

B
P*

ge
ne

s
Y

al
e 

E
N

C
O

D
E

B
ro

ad
 E

N
C

O
D

E
re

gu
la

to
ry

 e
le

m
en

ts
 d

ef
in

ed
 b

y 
U

C
SC

 a
nn

ot
at

io
n

C
on

se
rv

ed

tr
as

cr
ip

tio
n 

fa
ct

or
bi

nd
in

g 
si

te
s

de
fin

ed
by

 p
re

vi
ou

s
pa

pe
rs

(1
3,

14
)

cp
gI

sl
an

dE
xt

en
co

de
U

V
ie

nn
aR

na
z

fir
st

E
F

la
m

in
B

1
or

eg
an

no
tfb

sC
on

sS
ite

s
R

eg
io

n
A

R
E

R
Fo

xA

2
rs

14
65

61
8

N
ew

 2
p2

1
43

,4
07

,4
53

TH
A

D
A

H
3K

4m
e1

Y
es

2
rs

72
10

48
2p

15
62

,9
85

,2
35

EH
B

P1
H

3K
4m

e2
,H

3K
27

ac
,H

3K
9a

c,
Y

es
Y

es
Y

es

2
rs

12
62

12
78

N
ew

2q
31

.1
17

3,
01

9,
79

9
IT

G
A

6
c-

Fo
s,M

ax
,T

C
F7

L2
,S

TA
T1

H
3K

4m
e1

,H
3K

4m
e2

,H
3K

27
ac

,H
3K

4m
e3

Y
es

Y
es

Y
es

Y
es

3
rs

26
60

75
3

3p
12

87
,1

93
,3

64
c-

Fo
s,S

TA
T1

H
3K

4m
e1

Y
es

Y
es

3
rs

10
93

48
53

N
ew

3q
21

.3
12

9,
52

1,
06

3
ST

A
T1

,G
A

TA
-2

,Z
N

F2
63

H
3K

4m
e1

,H
3K

4m
e2

Y
es

Y
es

Y
es

Y
es

Y
es

4
rs

17
02

19
18

N
ew

4q
22

.3
95

,7
81

,9
00

PD
LI

M
5

H
3K

4m
e1

,H
3K

4m
e2

Y
es

Y
es

Y
es

Y
es

Y
es

4
rs

76
79

67
3

N
ew

 4
q2

4
10

6,
28

0,
98

3
TE

T2
Ju

nD
,N

FK
B

,S
TA

T1
H

3K
4m

e2
,H

3K
4m

e3
Y

es
Y

es

6
rs

93
64

55
4

6q
25

16
0,

75
3,

65
4

c-
Fo

s
H

3K
4m

e1
,H

3K
4m

e2
,H

3K
4m

e3
,

Y
es

7
rs

10
48

65
67

7p
15

27
,9

43
,0

88
JA

ZF
1

H
3K

4m
e1

,H
3K

4m
e2

Y
es

Y
es

Y
es

7
rs

64
65

65
7

7q
21

97
,6

54
,2

63
LM

TK
2

N
FK

B
,P

ol
2,

c-
M

yc
,S

IR
T6

,Z
N

F2
63

H
3K

4m
e1

,H
3K

4m
e2

,H
3K

4m
e3

Y
es

Y
es

Y
es

Y
es

Y
es

8
rs

29
28

67
9

8p
21

.2
23

,4
94

,9
20

cT
B

P2
H

3K
4m

e1
,H

3K
4m

e2
Y

es
Y

es
Y

es

8
rs

15
12

26
8

8p
21

.2
23

,5
82

,4
08

N
K

X
3.

1

Po
l2

,c
-M

yc
,H

A
-

E2
F1

,T
C

F7
L2

,G
A

TA
-2

,N
F-

Y
B

,S
IR

T6
,Z

N
F2

63
H

3K
4m

e1
,H

3K
27

ac
,H

3K
4m

e
3,

H
3K

9a
c,

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

8
rs

10
08

69
08

N
ew

 8
q2

4
(5

)
12

8,
08

1,
11

9
H

3K
4m

e1
,H

3K
4m

e3
Y

es
Y

es

8
rs

16
90

19
79

8q
24

(2
)

12
8,

19
4,

09
8

H
3K

4m
e1

,H
3K

4m
e2

Y
es

Y
es

Y
es

8
rs

16
90

20
94

N
ew

8q
24

.2
1

12
8,

38
9,

52
8

8
rs

62
08

61
N

ew
 8

q2
4

(4
)

12
8,

40
4,

85
5

TC
F7

L2
H

3K
4m

e2
Y

es
Y

es
Y

es
Y

es
Y

es

8
rs

69
83

26
7

8q
24

(3
)

12
8,

48
2,

48
7

TC
F7

L2
,S

TA
T1

,R
ad

21
Y

es
Y

es

8
rs

14
47

29
5

8q
24

(1
)

12
8,

55
4,

22
0

Y
es

9
rs

15
71

80
1

9q
33

12
3,

46
7,

19
4

Y
es

10
rs

10
99

39
94

10
q1

1
51

,2
19

,5
02

M
SM

B
ZN

F2
63

H
3K

4m
e1

,H
3K

4m
e2

,H
3K

27
ac

,H
3K

9a
c

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Prostate. Author manuscript; available in PMC 2012 June 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Lu et al. Page 12

C
H

R
SN

Ps
N

ot
e

B
P*

ge
ne

s
Y

al
e 

E
N

C
O

D
E

B
ro

ad
 E

N
C

O
D

E
re

gu
la

to
ry

 e
le

m
en

ts
 d

ef
in

ed
 b

y 
U

C
SC

 a
nn

ot
at

io
n

C
on

se
rv

ed

tr
as

cr
ip

tio
n 

fa
ct

or
bi

nd
in

g 
si

te
s

de
fin

ed
by

 p
re

vi
ou

s
pa

pe
rs

(1
3,

14
)

cp
gI

sl
an

dE
xt

en
co

de
U

V
ie

nn
aR

na
z

fir
st

E
F

la
m

in
B

1
or

eg
an

no
tfb

sC
on

sS
ite

s
R

eg
io

n
A

R
E

R
Fo

xA

10
rs

49
62

41
6

10
q2

6
12

6,
68

6,
86

2
C

TB
P2

Po
l2

,E
2F

6,
ZN

F2
63

H
3K

4m
e1

,H
3K

4m
e3

Y
es

Y
es

11
rs

71
27

90
0

N
ew

11
P1

5.
5

2,
19

0,
15

0

IG
F2

,
IG

F2
A

S,
 IN

S,
TH

Po
l2

H
3K

4m
e1

Y
es

11
rs

12
41

84
51

11
q1

3(
2)

68
,6

91
,9

95
A

L1
37

47
9,

B
C

04
35

31
c-

Fo
s,M

ax
,N

F-
Y

A
,N

F-
Y

B
H

3K
4m

e1

11
rs

10
89

64
49

11
q1

3(
1)

68
,7

51
,2

43
M

ax
,c

-M
yc

H
3K

4m
e1

,H
3K

4m
e2

Y
es

17
rs

11
64

97
43

17
q1

2 
(2

)
33

,1
49

,0
92

ZN
F2

63
H

3K
4m

e1
,H

3K
4m

e3
Y

es
Y

es
Y

es
Y

es

17
rs

44
30

79
6

17
q1

2(
1)

33
,1

72
,1

53
TC

F2
Po

l2
,S

TA
T1

H
3K

4m
e1

Y
es

17
rs

18
59

96
2

17
q2

4.
3

66
,6

20
,3

48
H

3K
4m

e1
,H

3K
4m

e2
Y

es
Y

es
Y

es

19
rs

81
02

47
6

N
ew

19
q1

3.
2

43
,4

27
,4

53
c-

M
yc

H
3K

4m
e1

,H
3K

9a
c

Y
es

Y
es

19
rs

88
73

91
19

q1
3

46
,6

77
,4

64
10

 M
b 

to
K

LK
3

N
F-

Y
B

H
3K

27
ac

,
Y

es

19
rs

27
35

83
9

19
q1

3
(K

LK
3)

56
,0

56
,4

35
K

LK
3

22
rs

96
23

11
7

N
ew

22
q1

3
38

,7
82

,0
65

G
A

TA
-2

H
3K

4m
e1

,H
3K

4m
e2

Y
es

Y
es

22
rs

57
59

16
7

N
ew

22
q1

3.
2

41
,8

30
,1

56

TT
LL

1,
 B

IK
,

M
C

A
T,

PA
C

SI
N

2

c-
Fo

s,M
ax

,c
-J

un
,c

-
M

yc
,T

C
F7

L2
,E

2F
6,

G
A

TA
-

2,
SI

R
T6

H
3K

4m
e1

,H
3K

4m
e2

X
rs

59
45

61
9

X
p1

1
51

,2
58

,4
12

N
U

D
T1

0,
N

U
D

T1
1,

LO
C

34
06

02

* bp
 (b

as
e 

pa
ir)

 p
os

iti
on

 is
 b

as
ed

 o
n 

N
C

B
I b

ui
ld

 3
6

Fo
r Y

al
e 

TF
B

S 
an

d 
B

ro
ad

 H
is

to
ne

 a
nn

ot
at

io
n 

se
ts

, t
ra

ns
cr

ip
tio

n 
fa

ct
or

 b
in

di
ng

 si
te

s a
nd

 re
gi

on
s t

ha
t a

re
 e

nr
ic

he
d 

w
ith

 sp
ec

ifi
c 

hi
st

on
e 

m
ar

ke
rs

 w
er

e 
pr

ov
id

ed
 fo

r e
ac

h 
ris

k 
SN

P 
bl

oc
k.

 F
or

 th
e 

re
m

ai
ni

ng
th

re
e 

an
no

ta
tio

n 
ca

te
go

rie
s, 

a 
“y

es
” 

m
ea

ns
 th

e 
ris

k 
SN

P 
bl

oc
k 

ov
er

la
pp

ed
 w

ith
 th

e 
an

no
ta

tio
n 

ca
te

go
ry

. E
m

pt
y 

ce
lls

 m
ea

n 
th

e 
ris

k 
SN

P 
bl

oc
k 

do
es

 n
ot

 o
ve

rla
p 

w
ith

 th
e 

an
no

ta
tio

n 
ca

te
go

ry
.

Prostate. Author manuscript; available in PMC 2012 June 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Lu et al. Page 13

Table 3

Enrichment analysis of the 33 risk SNP blocks

Annotation type*

# of counts and
frequency (%) in the
PRAS blocks

# of counts and frequency
in the randomly generated
SNP blocks P-value#

Yale TFBS

c-Myc 5 (15.63) 3.43 (0.11) 0.26

TCF7L2 5 (15.63) 3.08 (0.1) 0.18

STAT1 6 (18.75) 3.61 (0.11) 0.13

c-Fos 5 (15.63) 3.58 (0.11) 0.28

Broad Histone

H3K4me1 23 (71.88) 19.88 (0.62) 0.18

H3K4me2 16 (50.00) 14.04 (0.44) 0.32

H3K4me3 8 (25.00) 5.72 (0.18) 0.19

H3K27ac 5 (15.63) 4.29 (0.13) 0.43

Regulatory elements defined by UCSC table browser

laminB1 24 (75.00) 24.61 (76.91) 0.53

tfbsConsSites 6 (18.75) 8.93 (0.28) 0.82

Conserved region

Conserved region 10 (31.25) 8.69 (27.16) 0.38

Transcription factor binding sites defined by ChIP-chip technology

AR binding 11 (34.38) 3.99 (12.47) 0.003

Fox A1 binding 7 (21.88) 3.47 (10.84) 0.05

*
Enrichment analysis was only performed for annotation sets with 5 or more mapped risk SNP blocks

#
p-value is based on 1,000 simulation replicates
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