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Identification of a prostate cancer susceptibility gene
on chromosome 5p13q12 associated with risk of both
familial and sporadic disease
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Genetic heterogeneity is a difficulty frequently encountered in the search for genes conferring
susceptibility to prostate cancer. To circumvent this issue, we selected a large prostate cancer pedigree
for genome-wide linkage analysis from a population that is genetically homogeneous. Selected cases and
first-degree relatives were genotyped with Affymetrix 10K SNP arrays, identifying a 14 Mb haplotype
on chromosome 5 (5p13–q12) inherited identical-by-descent (IBD) by multiple cases. Microsatellite
genotyping of additional deceased case samples confirmed that a total of eight cases inherited the
common haplotype (P¼0.0017). Re-sequencing of eight prioritised candidate genes in the region in six
selected individuals identified 15 SNPs segregating with the IBD haplotype, located within the ITGA2 gene.
Three of these polymorphisms were selected for genotyping in an independent Tasmanian data set
comprising 127 cases with familial prostate cancer, 412 sporadic cases and 319 unaffected controls. Two
were associated with prostate cancer risk: rs3212649 (OR¼1.67 (1.07–2.6), P¼ 0.0009) and rs1126643
(OR¼ 1.52 (1.01–2.28), P¼0.0088). Significant association was observed in both familial and sporadic
prostate cancer. Although the functional SNP remains to be identified, considerable circumstantial
evidence, provided by in vivo and in vitro studies, supports a role for ITGA2 in tumour development.
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Introduction
In many Western countries prostate cancer (MIM176807) is

the most commonly diagnosed cancer after skin cancer.1

Familial aggregation of the disease indicates that it has a

genetic component.2,3 Evidence presented by the Inter-

national Consortium for Prostate Cancer Genetics (ICPCG)4
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highlighted five suggestive linkage regions supporting

putative susceptibility loci reported earlier, including one

on chromosome 5q.5 More recently, several genome-wide

association studies (GWAS) in large independent case–

control data sets have provided compelling evidence for

multiple new susceptibility loci. Common sequence

variants on chromosomes 8q24 and 17q have been

significantly and independently associated with prostate

cancer risk and these findings have been replicated in

several populations.6 – 10 Subsequently, evidence for addi-

tional loci on chromosomes 2, 3, 6, 7, 8, 10, 11, 17 and X10 –

12 has been provided. Although many of these SNPs are

located in or close to known genes, a functional role for

these SNPs in prostate cancer is yet to be demonstrated.

Although complex diseases are probably influenced by a

mixture of common and rare genetic variants, there is

evidence that rarer variants play a larger role in cancer than

in other diseases.13,14 Large multiplex pedigrees are a

powerful approach for identifying rare variants. They can

also be used to help address the problem of genetic

heterogeneity and are therefore potentially advantageous

when studying a complex disease such as prostate cancer.

Here, we present the linkage analysis of an extended

Tasmanian pedigree (PcTas9) in which 25 prostate cancer

cases can be traced back seven generations to a common

founding pair. Evidence for a prostate cancer susceptibility

locus on chromosome 5 (5p13–q12) is presented, adding

to the mounting evidence that this region harbours a

putative prostate cancer susceptibility gene.4,5,15 – 18 In

addition, although the recently published GWAS have

not highlighted specific candidate susceptibility SNPs on

chromosome 5, Thomas et al12 noted the likelihood that

chromosome 5 may also harbour prostate cancer suscept-

ibility loci.

Resequencing within the region of interest on chromo-

some 5 identified sequence variants that co-segregated

with disease in this large pedigree. Genotyping of these

variants in an independent data set, comprising both

familial and sporadic prostate cancer cases and age-

matched controls, revealed two polymorphisms that are

significantly associated with prostate cancer risk in the

wider Tasmanian population.

Subjects and methods
Study subjects and preparation

Ethics approval for this study was obtained from the

Southern Tasmanian Human Research Ethics Committee

and written informed consent was obtained from all

participating individuals. Using a genealogical database at

the Menzies Research Institute (MRI) and the records of the

Tasmanian Cancer Registry (TCR), families with multiple

cases of prostate cancer were identified. All families had at

least two affected close relatives; with the largest family

comprising 37 affected men, and 10 families with more

than 11 cases. Blood samples were available for 131 familial

cases in total.

A seven-generation pedigree was selected to conduct

genome-wide linkage analysis, comprising 25 patients

diagnosed with histologically confirmed prostate cancer

(average age of diagnosis 72, range 50–89) (Figure 1). A

total of 16 DNA samples were obtained from PcTas9

prostate cancer patients; 9 were extracted from blood

samples and 7 from paraffin-embedded prostate tumour

tissue. In addition, 57 DNA samples were available from

relatives. DNA was extracted from whole blood or buccal

mucosa swabs using the Nucleon Bacc3 (Amersham

Biosciences AB) and PureGene DNA Isolation Kits (Gentra

Systems), respectively. Seven paraffin-embedded tumour

blocks for the individuals shown in Figure 1 were obtained

from two pathology laboratories located in Southern

Tasmania. Using Method E as described by Sato et al,19

DNA was isolated from selected tissue sections comprising

a significant proportion of normal tissue.

A prostate cancer case–control study is also being

conducted concurrently by the MRI and is recruiting

sporadic prostate cancer cases and unaffected controls.

Blood samples, serum samples, physical measures and

environmental exposure data are being collected from

participating individuals. A total of 412 sporadic prostate

cancer cases were identified from the TCR and recruited.

Eligible cases were men under the age of 70 years diagnosed

with histologically confirmed cancer of the prostate during

the period 1996–2005. Controls were randomly selected

from the electoral roll. Eligible controls (319 in total) were

age-matched within 5-year age groups to the sporadic cases

and self-reported as unaffected with prostate cancer.

Genotyping

Seven prostate cancer patients in family PcTas9 were

genotyped with Affymetrix Human Mapping 10K arrays

(indicated with an asterisk in Figure 1), along with six first-

degree relatives to provide phase information. Genotyping

was performed as described by Kennedy et al20 using 250 ng

of genomic DNA. The mean genotype call rate was 95%.

Twenty microsatellites across 5p13–q12 (chosen

from the Genome Database – http://www.gdb.org/ – see

Figure 1) were genotyped in all 73 available DNA samples

from PcTas9 using standard fluorescent PCR techniques

and an ABI PRISM 310 Genetic Analyzer (Applied Biosys-

tems). Microsatellite allele frequencies were estimated from

32 Tasmanian samples comprising spouses of affected cases

and unaffected family members.

Linkage analysis

PEDCHECK21 was used to identify Mendelian errors in the

genotype data. The 10K SNP data were analysed using the

genetic map and Caucasian allele frequencies provided by

Affymetrix.20 A total of 954 markers in strong linkage

disequilibrium (LD) with other markers were removed from
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Figure 1 PcTas9 prostate cancer pedigree showing the segregating haplotype across 5p13–q12. Only cases and individuals providing genotyping information pertinent to the cases
are presented due to pedigree size. Two cases are not represented here (9.6-brother of 9.132; 9.13-uncle of 9.1, 9.2 and 9.474). The affected status of ‘older’ generations is unknown as
the Tasmanian Cancer Registry only lists patients’ records since 1978. Shaded boxed areas represent the shared haplotype. Individuals genotyped with the Affymetrix 10K array are
indicated by an asterisk (*). Individuals genotyped from paraffin-embedded tissue are indicated by a cross (þ ). # Denotes age at diagnosis, followed by Gleason score presented in
parentheses.
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the data set. The family was too large for exact multipoint

linkage analysis with the Lander–Green algorithm,22 and

the Markov chain Monte Carlo linkage algorithm in

Simwalk223 was slow to converge with this number of

markers. Linkage analysis was performed using a recently

published method that breaks pedigrees into smaller

subunits for inference of patterns of identical-by-descent

(IBD) sharing between case pairs.24 We have performed

simulations, some using the PcTas9 pedigree (Figure 1), to

confirm the accuracy of the pedigree-splitting approach for

dense marker sets.24

Microsatellite haplotypes were inferred using Sim-

walk2.23 Genotyping so many microsatellites allowed the

determination of patterns of IBD sharing with virtually

complete certainty – hence we assumed that patterns of

IBD sharing were known with complete certainty for

assessing significance. The significances of NPLpairs scores

(SNP data) and patterns of IBD sharing (microsatellite data)

were computed by simulating fully informative markers on

the complete pedigree under the hypothesis of no linkage

(gene dropping).23 Nominal (single-point) P-values were

calculated using 108 simulations of a single marker, and

genome-wide and ICPCG-region-wide corrected P-values

were calculated using 105 simulations of the entire genome

or the ICPCG linkage regions respectively, with recombina-

tions simulated using the Haldane map function. The

suggestive linkage threshold plotted in Figure 2 corre-

sponds to the value of NPLpairs expected to occur on

average once in a genome-wide scan with fully informative

markers.25

Prioritising candidate genes

Over 90 genes in the region spanned by the chromosome 5

haplotype were prioritised for sequencing using the

program ‘GeneSniffer’ (www.genesniffer.org; Autogen

Limited, Australia). The program builds a list of ranked

candidate genes within the specified region using publicly

available human and mouse genetic databases, and a

supplied list of key words (available on request).

Sequencing candidate genes

The coding regions of eight candidate genes including all

exon/intron boundaries and 500 bp upstream of the

transcription start site were resequenced in PcTas9.4, 9.5,

9.8 and 9.12, all of whom carried the chromosome

5 haplotype, and in two unrelated controls. Resequencing

was performed using PCR primers designed using the

software packages ‘Exon Primer’ (http://ihg.gsf.de/cgi-bin/

snps/seq1.pl) and ‘Primer 3’ (http://frodo.wi.mit.edu).

Primer sequences and conditions are available on request.

Following PCR amplification, samples were sequenced on

an ABI310 Genetic Analyzer (Applied Biosystems) in

accordance with the manufacturer’s instructions.

Genotyping of selected sequence variants

All familial prostate cancer cases (excluding PcTas9.4, 9.5,

9.8 and 9.12), sporadic cases and controls were genotyped

for three sequence variants – rs28095, rs1126643 and

rs3212649. Allele-specific PCR was used to detect the

rs28095 polymorphism (herein referred to as C-52T), using

forward primers 50-aatcaggaggggcgggct-30, 50-aatcagg

aggggcgggcc-30 and reverse primer 50-gcgctgggtttgca

gaggtt-30 (Promega). Rs1126643 (herein referred to as

C807T) was amplified using primers 50-gatgccttaaagc

taccggc-30 and 50-taactttcccagctgccttc-30 (Promega). Geno-

type was resolved by digestion with Hyp188 1. Rs3212649

(herein referred to as 30UTR in/del) was amplified

using primers, 50FAM-gcaactacagaagtggaagtgc-30 and
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Figure 2 Results of the Affymetrix 10K array genome-wide scan. An NPL score of 5.58 (suggestive linkage threshold expected to occur once by
chance in a genome-wide scan with fully informative markers41) is indicated by a horizontal dashed line.
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50-tctgtggcaactttggatga-30 (Promega). Genotype was re-

solved by sizing on an ABI310 Genetic Analyser. The

insertion allele was 137 bp and the deletion allele was

134 bp. Detailed conditions are available on request. For all

three SNPs, 15% of all samples were regenotyped to

validate genotyping quality.

Statistical analysis to detect association for selected
sequence variants

The association analysis excluded all PcTas9 samples with

the known chromosome 5 haplotype (cases PcTas9.4, 9.5,

9.8 and 9.12). The MQLS test26 was used to test for

differences in allele frequencies at polymorphisms C-52T,

C807T and 30UTR in/del between familial and sporadic

prostate cancer cases and controls. This test allows for the

non-independence of the genotypes of related individuals,

regardless of the complexities of the relationships, and also

exploits the fact that cases with affected relatives are

generally more likely to carry disease susceptibility alleles

than cases without affected relatives.

We then performed further exploratory analyses, making

no allowance for the non-independence of the familial

cases. Logistic regression was used to calculate genotypic

odds ratios for the two polymorphisms showing significant

association, both adjusted and unadjusted for genotypes at

the other polymorphism. Haploview 3.2 (www.broad.mit.

edu/mpg/haploview/) was used to examine LD between the

polymorphisms, and to perform haplotypic tests of

association.

Results
The results of the non-parametric linkage analysis of

available, high-quality DNA using the 10K SNP genome-

wide scan are displayed in Figure 2. There was one

suggestive linkage peak at 5p13–q12 (NPLpairs¼6.72;

P¼0.005 using gene dropping),23 where there was evi-

dence that four out of seven cases had inherited a common

haplotype. Along the rest of the genome, there was no

evidence anywhere of more than three cases inheriting a

common haplotype.

Microsatellite genotyping was possible in 15 of the

remaining 17 cases, where SNP genotyping was not

possible. This provided data on the 5p13–q12 region in

PcTas9 prostate cancer patients and their children in a total

of 23 of the 25 cases. Of these 23 cases, it was confirmed

that 8 shared a common haplotype (including 4 cases

genotyped with SNPs). Individuals 9.4, 9.5, 9.8 and 9.12

were confirmed as sharing the common IBD haplotype by

both SNP and microsatellite genotyping; individuals 9.7

and 9.20 were confirmed by microsatellite genotyping

alone; and for individuals 9.6 and 9.13 haplotype sharing

was inferred by genotyping offspring with microsatellites.

Twelve individuals did not carry this same haplotype, and

the sharing status of three cases (individuals 9.10, 9.22,

9.517) could not be determined (Figure 1). Given this

configuration of genotyped and un-genotyped cases

and relatives, the probability of observing a common

haplotype shared by eight or more cases by chance at a

single locus is P¼0.0017. The chromosome 5 haplotype

extends across 14 Mb between markers D5S2506 and

D5S664 (Figure 1).

The eight patients carrying the chromosome 5 haplotype

are clustered into a single branch of the pedigree

descendant from individuals 9.101 and 9.102. The prob-

ability of identifying the same haplotype in eight or more

affected descendants of these individuals is P¼0.0003.

Although this linkage is not of genome-wide significance,

this region overlaps substantially with one of five sugges-

tive linkage regions identified in a large study conducted

by the ICPCG.4 Gene-dropping simulations of the 1-LOD

drop intervals in these five regions showed that the

probability of observing segregation in eight or more cases

in one of these regions by chance is P¼0.043.

The mean age at diagnosis for PcTas9 cases sharing the

chromosome 5 haplotype was 69.0 years compared to 71.6

years for those cases not sharing the haplotype (P¼0.53,

t-test). Similarly, there was no significant difference in

Gleason scores between cases sharing the risk haplotype

and those that did not (mean of 5.83 and 5.75, respec-

tively; P¼ 0.95, t-test).

Candidate genes within the chromosome 5 interval were

prioritised using the bioinformatics tool, GeneSniffer

(www.genesniffer.org; Autogen Limited). Eight genes were

resequenced from the GeneSniffer prioritised list. A

diagrammatic representation of the 14 Mb region of

chromosome 5 including the selected genes is shown in

Figure 3a.

The coding regions, intron/exon boundaries and pro-

moter sequences of FGF10, GHR, DAB2, PPAP2A, PTGER4,

EMB and GZMA were resequenced in four PcTas9 cases

carrying the common chromosome 5 haplotype (PcTas9.4,

9.8, 9.5, 9.12 in Figure 1), and two unrelated controls. In

these genes no variants were detected that were unique to

the identified haplotype (data not shown). In contrast,

within the ITGA2 gene 15 polymorphisms were detected

that segregated with the chromosome 5 haplotype

(Table 1). The ITGA2 gene (hg18 location chr5:

52320913–52426366) comprises 30 exons and spans

105288 bp (Figure 3b). Although 10 of the identified SNPs

lie in intronic regions of ITGA2, the remaining 5 are

located in the promoter (C-52T; rs28095), exon 7 (C807T;

rs1126643), exon 8 (G873A; rs1062535), exon 27 (C3300T;

rs2303122) and the 30UTR of exon 30 (30UTR in/del;

rs3212649; Table 1).

Three of the SNPs in ITGA2 (C-52T, C807T and the 30UTR

in/del) were selected for further examination using associa-

tion testing in an independent data set. The PcTas9

individuals used to identify these SNPs were excluded from

this analysis.
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The C-52T SNP was selected for its potential functional

role in regulation of the ITGA2 gene. Located 52 bases

upstream of the transcription start site, it is positioned

between two tandem Sp1/Sp3-binding elements and the

presence of the T allele has been shown, by in vitro studies,

to reduce ITGA2 transcription.27 The C807T polymorphism

lies within exon 7, and whilst it does not alter the amino-

acid sequence of the protein, there is circumstantial

DAB2

39,961,268 56,110,790

PTGER4
PRKAA1

GHR

42,000,000

MGC42105

FGF10

50,000,000

EMB ITGA1

ITGA2

GZMK

GZMA

PPAP2A

MAP3k1

5p13-5q11.2

46,000,000

rs28095
C-52T

rs1126643
C807T

rs3212649
3’UTR in/del

5’UTR 3’UTR

rs2303122
C3300T

rs1062535
G873A

Figure 3 Diagrammatic representation of the 14 Mb region of interest on chromosome 5. (a) Shows the location and relative size of prioritised
genes for resequencing. (b) Shows an expanded view of the ITGA2 gene. Exons are represented as tall black rectangles. Short grey lines represent SNPs
identified from the HapMap and SeattleSNPs databases that are in strong LD (r240.72) with 30UTR in/del. The relative positions of the five exonic SNPs
discussed in the text are shown.

Table 1 ITGA2 SNPs identified by resequencing four PcTas9 haplotype carriers and two controls – at all SNPs the haplotype
carriers share an allele that does not occur in either control

Cases Controls

SNP ID Location 9.4 9.8 9.5 9.12 9.122 9.127

rs26679 chr5:52,319,682 CG CG CG CC GG GG
rs26680 chr5:52,319,893 TC TC TC TT CC CC
rs28095 (C-52T) chr5:52,320,624 TC TC TC TT CC CC
rs3212441 chr5:52,373,415 TC TC TT TT CC CC
rs1363192 chr5:52,373,590 GT GT GG GG TT TT
rs1126643 (C807T) chr5:52,382,876 TC TC TT TT CC CC
rs1833558 chr5:52,383,068 AG AG AA AA GG GG
rs2974987 chr5:52,386,749 AG AG GG GG AA AA
rs1062535 (G873A) chr5:52,386,920 AG AG AA AA GG GG
rs2303127 chr5:52,391,361 CT CT CC CC TT TT
rs2303126 chr5:52,401,669 GA GA GA AA GG GG
rs2287871 chr5:52,403,213 CT CT CC CC TT TT
rs984966 chr5:52,404,429 AT AT AA AA TT TT
rs2303122 (C3300T) chr5:52,414,784 TC TC TT TT CC CC
rs3212649 (30UTRin/del) chr5:52,422,409 AAC/� AAC/� (�/�) (�/�) AACx2 AACx2
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evidence that it is associated with altered expression of

ITGA2.28 Functional modelling software identifies a pre-

dicted enhancer splice element (ESE) at C807T that is

disrupted in the presence of the T allele (http://pupasuite.

bioinfo.cipf.es/).

The synonymous G873A polymorphism in exon 8 is in

strong LD with C807T (r2¼0.97 in the HapMap CEU

population of North-West European ancestry; www.

hapmap.org) and was therefore not genotyped.

The remaining two polymorphisms, C3300T and 30UTR

in/del, have no known or putative function. The C3300T is

perfectly correlated with the 30UTR in/del as reported in

the PGA European Panel from the SeattleSNP database

(r2¼1, http://pga.gs.washington.edu/) and consequently

only the 30UTR in/del was genotyped.

Thus the three SNPs were genotyped in 127 cases

ascertained as part of other large pedigrees (ie, cases with

strong evidence of family history), 412 sporadic cases and

319 controls. After adjusting for multiple testing using the

Bonferroni method, the whole-sample unadjusted P-values

quoted below remain significant.

No association with disease was seen with the C-52T SNP

for sporadic cases (P¼0.36), familial cases (P¼ 1.0) or when

all cases were combined (P¼0.49). In contrast, the C807T

polymorphism was significantly associated with prostate

cancer (P¼0.0088; Table 2) for combined prostate cancer

cases and unaffected controls. There was a more significant

difference in allele frequencies between familial cases and

controls (P¼0.020) than between sporadic cases and

controls (P¼0.070; Table 2). The 30UTR deletion allele

showed a significant association with prostate cancer

(P¼0.0009; Table 2) in combined prostate cancer cases

and unaffected controls. This significant association was

observed in both familial cases and controls (P¼0.0018)

and between sporadic cases and controls (P¼0.015;

Table 2).

Our data suggest that the 30UTR deletion allele and the

807T allele both confer risk in a dominant manner, with

similar estimated odds ratios for heterozygous and homo-

zygous carriers of these alleles (Table 3). Odds ratios are higher

in familial cases than in sporadic cases for both polymor-

phisms. There is strong LD between the two polymorphisms

(r2¼0.72; D0 ¼0.96) with the 30UTR deletion allele almost

always occurring with the 807T allele. In the absence of very

large sample sizes, this strong LD makes it difficult to separate

the individual effects of these alleles, and using a haplotypic

test for association, the results were inconclusive (data not

shown). However, after adjusting for the 30UTR in/del and

assuming a dominant disease model, the association between

the C807T polymorphism and disease disappears (Table 3).

This suggests that the risk from the 807T allele may only

occur because of LD between the two SNPs.

Table 3 Genotypic ORa calculated for the 30UTR insertion (I)/deletion (D) and C807T polymorphisms using logistic
regression

Genotype
Sporadic

cases
Familial
cases Total cases Controls

OR_sporadic
(95% CI)

OR_familial
(95% CI)

OR_total
(95% CI)a

OR_total
(95% CI)b

30UTR in/del
I/I 158 38 196 155 1 1 1 1
I/D 198 67 265 127 1.53 (1.12–2.09) 2.15 (1.36–3.42) 1.65 (1.22–2.22) 1.84 (1.08–3.15)
D/D 56 22 78 37 1.49 (0.93–2.38) 2.43 (1.28–4.58) 1.67 (1.07–2.60)

C807T
C/C 137 34 171 131 1 1 1 1
C/T 204 65 269 138 1.41 (1.02–1.95) 1.82 (1.12–2.93) 1.49 (1.10–2.03) 0.88 (0.51–1.52)
T/T 71 28 99 50 1.36 (0.88–2.10) 2.16 (1.19–3.92) 1.52 (1.01–2.28)

Abbreviations: CI, confidence interval; OR, odds ratios.
aOdds ratios represent increase in odds of disease compared to individuals with I/I or C/C genotypes.
bOdds ratios adjusted for the presence/absence of the disease-susceptibility allele at the other SNP (T or I).

Table 2 Results of testing the 30UTR 3 bp insertion (I)/deletion (D), and C807T polymorphisms for significant differences in
allele frequencies between cases and controls using the MQLS statistic26

Data set
3’UTR D allele frequency

(95% CI)
30UTR D
P-value

807T allele frequency
(95% CI)

C807T
P-value

Controls (n¼319) 0.315 (0.279–0.351) 0.373 (0.336–0.410) F
Sporadic cases (n¼412) 0.376 (0.343–0.409) 0.0150 0.420 (0.386–0.454) 0.0696
Familial cases (n¼127) 0.421 (0.352–0.490) 0.0018 0.461 (0.391–0.531) 0.0198
All cases (n¼539) 0.385 (0.355–0.414) 0.00090 0.428 (0.397–0.458) 0.0088

Abbreviation: CI, confidence intervals.
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Associations between clinical characteristics of disease

(age at diagnosis, survival and Gleason score) and the risk

genotypes (30UTR deletion and 807T) were examined in

both sporadic and familial data sets. Overall, there was

little evidence to suggest there was a difference in age at

diagnosis between sporadic cases carrying at least one risk

30UTR deletion allele (age range 44–69 years, mean¼61.8

years) compared to those with no risk allele (age range

47–69 years, mean¼62.5 years; P¼0.31, t-test). Similarly,

no significant association between the risk 30UTR deletion

allele and age at diagnosis was observed in familial cases

(P¼0.27, t-test). Survival analysis of both familial and

sporadic cases indicated that there was no decrease in

overall survival associated with carrying the 30UTR deletion

allele (P¼0.11, log-rank test).

For sporadic cases where Gleason score was available

(n¼92), there was no significant difference between cases

carrying at least one risk 30UTR deletion allele (mean

Gleason score 5.41) and those not carrying a risk allele

(mean Gleason score 5.26; P¼0.66, t-test). Similar results

were obtained for familial cases (n¼50), with a mean

Gleason score of 5.57 for those carrying at least one risk

allele compared to a mean of 5.25 with no risk allele

(P¼0.67).

Owing to the LD between the C807T and the 30UTR

in/del SNP, almost identical results were obtained when

associations between the 807T risk allele and age at

diagnosis, survival and Gleason score were examined in

both prostate cancer data sets (data not shown).

It remains to be determined which of the SNPs identified

in ITGA2 are functionally significant, or whether another,

as yet unidentified SNP, is involved. Samples of European

ancestry from the HapMap and SeattleSNPs databases were

examined to search for other candidate SNPs in LD with

the 30UTR in/del and C807T SNPs. An examination of these

databases revealed 30 and 14 SNPs, respectively, in LD

(r240.72) with C3300T (ie, LD greater than that observed

between 30UTR in/del and C807T). A review of these SNPs

identified six SNPs within the 30UTR in significant LD, with

the 30UTR in/del polymorphism. Use of modelling software

that predicts miRNA-binding sequences revealed that two

of these SNPs (rs6880055 and rs57674800) are contained

within predicted miRNA-target motifs (http://regrna.

mbc.nctu.edu.tw/). The presence of the alternative

genoytpe at these sites is predicted to disrupt miRNA

binding to the corresponding mRNA sequence. No SNP

outside the ITGA2 gene was correlated with an r240.35.

Discussion
Suggestive evidence of linkage at 5p13–q12 was obtained

following analysis of a genome-wide scan using Affymetrix

10K SNP arrays in a large Tasmanian prostate cancer

pedigree. Subsequent microsatellite genotyping of further

cases confirmed and extended this finding. Eight related

cases shared a common haplotype (P¼0.0017). Nominal

evidence for linkage to chromosome 5 has been provided

by several previous studies,5,15 – 17 including the ICPCG

study of 1233 prostate cancer families.4 Through the use of

a gene prioritisation tool, resequencing and a follow-up

association study, two polymorphisms within the ITGA2

gene, 30UTR in/del and C807T, were found to be associated

with prostate cancer risk in independent datasets compris-

ing familial cases, sporadic cases and controls.

The ITGA2 gene encodes for the a2 subunit of the a2b1

integrin receptor, a cell adhesion molecule, responsible for

interaction and mediation of signalling events with the

extracellular matrix (ECM).29 The a2b1 integrin receptor is

expressed on many epithelial cell types, and in normal

prostate tissue expression is restricted to basal epithelial

cells.30,31 High levels of a2b1 integrin expression charac-

terise prostate cancer stem cells,32 and upregulation of

a2b1 integrin may potentially explain the observation that

over 80% of prostate cancer metastases are to bone,29,31 as

collagen is the main component of bone ECM and the

preferred ligand for a2b1 integrin.33

Candidate gene association studies have also linked the

ITGA2 gene with cancer risk. Two separate studies of breast

cancer and oral cancer have reported an association of the

C807T ITGA2 polymorphism with disease risk.34,35 In a

study comprising 500 sporadic breast cancer cases and 500

controls, the 807C–1648G haplotype was found to

decrease risk compared to non-carriers, and higher grade

breast tumours were significantly associated with the 807T/T

genotype.34 In addition, the 807T allele was significantly

associated with increased risk of oral cancer (Po0.001).35

Studies conducted in platelets have demonstrated that the

807T allele is associated with a two-fold higher density of

the ITGA2 receptor on the platelet cell surface and may

function to alter mRNA splicing as it is contained within a

predicted ESE. However, it remains to be determined

whether this polymorphism is directly influencing gene

expression.36

Given the evidence presented here, the 30UTR in/del

polymorphism remains of particular interest, as it may be

important in regulating ITGA2 mRNA. Although we have

not identified a functional role for the 30UTR in/del

polymorphism, we have identified two SNPs (rs6880055

and rs57674800) in high LD with this SNP. These SNPs lie

within predicted miRNA-binding sites and the presence of

the alternative genoytpe at these sites is predicted to

disrupt miRNA binding to this sequence. Thus, presence of

one or both of the alternate alleles at these SNPs may result

in loss of miRNA-mediated transcriptional regulation. It is

also possible that other SNPs in LD with the 30UTR in/del

identified here are causally related to prostate cancer.

Although variants within ITGA2 have been significantly

associated with other cancers, to our knowledge this is the

first reported association between ITGA2 and prostate
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cancer risk. The cancer genetic markers of susceptibility

(CGEMS) prostate cancer genome-wide association scan

(www.caintegrator.nci.gov/cgems/browse.do) reported no

significant associations between prostate cancer and the

1569 SNPs genotyped within the 14 Mb interval identified

here. However, attempts to replicate significant associa-

tions of risk variants to previously identified prostate

cancer susceptibility loci frequently fail to support the

original findings (ELAC2:37,38MSR1:39RNASEL:40). Reasons

for this have been widely discussed and include: the

heterogeneity of genes contributing to prostate cancer risk

in different populations; different selection criteria for each

of the study populations examined; and the variable

contribution of environmental factors interacting with

multiple genetic factors.

In summary, we have presented evidence for a prostate

cancer susceptibility gene on chromosome 5p13–q12, with

two ITGA2 polymorphisms showing a significant associa-

tion with prostate cancer risk in the Tasmanian population.

Although the functional SNP is still to be identified,

considerable circumstantial evidence, provided by in vivo

and in vitro studies, supports a role for this gene in tumour

development. Replication of this result in independent

data sets and studies elucidating the role of this gene will

be of fundamental interest to the field of prostate cancer

biology.
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