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Prostate cancer (PrCa) is the commonest male cancer in developed countries. It 
exhibits consistent evidence of familial aggregation, but the causes of this 
aggregation are mostly unknown. To identify common PrCa susceptibilility 
alleles, we conducted a genome-wide association study (GWAS) using blood DNA 
samples  from 1,854 PrCa cases with clinically detected PrCa diagnosed at <60 
years or with a family history of disease, and 1,894 population screened controls 
with a low prostate specific antigen (PSA)  of <0.5ng/ml. These were analysed for 
541,129 SNPs using the Illumina Infinium platform. Initial putative associations 
were confirmed using a further 3,268 cases and 3,366 controls. We identified 
seven novel PrCa susceptibility loci on chromosomes 3, 6, 7, 10, 11, 19 and X  
(p=2.7x10-8 to p=8.7x10-29).  We confirmed previous reports of common PrCa 
susceptibility loci at 8q24 and 17q. Three of the novel loci contain candidate 
susceptibility genes: MSMB, LMTK2, and KLK3.  
 
 
There is strong evidence from family studies of genetic predisposition to PrCa:  the 
relative risk of PrCa is increased about two-fold in first degree relatives of affected 
men, particularly when diagnosed at younger ages1. Despite this, few susceptibility 
genes for PrCa have been identified. Linkage studies based on multiple case families 
have  not identified reproducible susceptibility loci, suggesting that  predisposition 
may be mediated through multiple common low penetrance alleles. Recent association 
studies have identified common alleles on 8q24 and on 17q  associated with PrCa 
risk2-7. In addition, rare mutations in candidate genes (notably BRCA2), are associated 
with PrCa  risk8. However, these mutations explain less than 10% of the familial 
relative risk of PrCa8. 
 
Genome-wide association studies (GWASs)  have emerged as a powerful new 
approach to identify common disease alleles without prior knowledge of position or 
function9,10. Genotype frequencies are compared between cases and controls at large 
numbers of single nucleotide polymorphisms (SNPs), chosen to report on most known 
common variants in the genome. We conducted a two-stage GWAS to identify 
common PrCa susceptibility alleles.  In the first stage, we studied 1,906 PrCa cases 
and 1,934 controls collected through national studies in the UK; the final number 
analysed after exclusions (see methods) was 1854 cases and 1894 controls (table 1). 
The cases were detected through clinical symptoms, rather than routine screening by 
PSA, because these cases have known clinical relevance. We further “enriched” the 
case series by including men diagnosed aged <60 years or with a family history of 
PrCa, since such cases are thought to be more likely to carry susceptibility alleles, 
thereby increasing statistical power. Controls were men aged ≥50 years identified 
through a national case-finding study (ProtecT), who had a baseline PSA of 
<0.5ng/ml.  Men with a low PSA level are known to be at a low risk for the 
subsequent development of clinically significant PrCa11, potentially further improving 
power. 
 
DNA samples from these individuals were evaluated for a set of 569,243 SNPs using 
the Illumina Infinium platform (see methods). This SNP set has been estimated to 
report on approximately 90% of the SNPs typed in HapMap, based on data on the 
Caucasian (CEU) samples, at an LD coefficient (r2) >0.80. In this analysis, we utilised 
data on 541,129 SNPs that were genotyped on all subjects, passed quality control 
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(QC) criteria, and had a minor allele frequency of at least 1% in controls (see 
methods). 
 
Figure 1 shows the Q-Q plot for the distribution of test statistics for comparison of 
genotype frequencies in cases versus controls (1 degree of freedom (df) Cochran-
Armitage trend test). There was little evidence of any general inflation of the test 
statistics (estimated inflation factor λ=1.05 based on the bottom 90% of the 
distribution). This was as expected, since cases and controls were of European origin, 
and were broadly matched for region of residence. This is consistent with previous 
observations that population structure across the UK causes little inflation of the test 
statistics in association studies9. There was, however, a marked excess of “significant” 
associations. A total of 197 SNPs were significant at the p<10-4 level, compared with 
the 54.1 that would have been expected by chance; of these, 53 were significant at the 
p<10-6 level, compared with 0.5 expected by chance (supplementary table 1).  
 
Of the 53 SNPs significant at the p<10-6 level, 20 were on 8q24, a region previously 
shown to harbour PrCa susceptibility loci (supplementary tables 1 and 2). These 
occurred in three distinct LD blocks. The strongest associations in these regions were 
found with rs6983267 (per allele odds ratio (OR) 1.42, p=9x10-14), rs1016343 (per 
allele OR 1.37, p=1.6x10-8) and rs4242384 (per allele OR 1.88, p=2.8x10-17).  
 
Six SNPs on chromosome 17 reached p<10-6. Four of these were located at 17q12, the 
strongest association being with rs7501939 in TCF2 (per allele OR 0.71, p= 10-12). 
The other two SNPs were located at 17q24, the strongest association being with 
rs1859962 (per allele OR 1.26, p= 5.5x10-7). These results provide strong 
confirmation of previous observations by Gudmundsson et al7.  
 
The remaining 27 SNPs were from eight genomic regions (supplementary tables 1 and 
2). We conducted multiple logistic regression analyses, based on the SNPs in each of 
the regions, and identified eleven that appeared to be independently significant 
(supplementary table 3). To confirm these associations, SNPs were evaluated  in a 
second stage of 3,268 PrCa cases and 3,366 controls from studies in the UK and 
Australia. For 8 of these 11 SNPs, from seven regions, there was confirmatory 
evidence (at least p<.002 and in the same direction as in stage 1) with a combined 
significance level over both stages of p=2.7x10-8 or better. This provides strong 
evidence of  association at a level of significance appropriate for a GWAS (table 
2)9,12. One SNP on chromosome 12 (rs902774) showed a strong association with 
disease in stage 1 (p=2x10-7) but this was not replicated in stage 2, suggesting that the 
significance of the initial association may be a type I error. Of the three SNPs typed 
on chromosome 19, rs2735839, which showed the strongest association in stage 1 
(p=2.4x10-20) also gave evidence of association in stage 2 (p=.0002; p=1.5x10-18 
overall),  but the other two SNPs did not replicate. Of the two SNPs tested on 
chromosome 10, both showed strong evidence of association. However, the 
association with rs10993994 was far stronger in both stages, and the association with 
rs7920517 was not significant after adjustment for rs10993994 in stage 2. 
 
 
 
It is notable that, for each confirmed SNP, the estimated per allele OR is stronger for 
stage 1 than stage 2. This may reflect the fact that we have restricted attention to 
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highly significant loci ( “winner’s curse”), but may also reflect, in part, the enriched 
nature of the cases and controls in stage 1. For these reasons we regard only the OR 
estimates from stage 2 as valid estimates of the relative risks in the general 
population.  
 
We investigated the associations of the SNPs with PSA in a sample of 1646 UK 
controls in stage 2. Four of the SNPs, rs10993994, rs7920517, rs2659056 and 
rs2735839, were strongly associated with PSA level in the same direction as the 
association with PrCa risk (supplementary table 4). Of the two chromosome 10 SNPs, 
the association with rs7920517 was not significant after adjustment for rs10993994, 
consistent with the pattern for PrCa risk. A weaker association with PSA levels was 
also observed for rs5945619, again in the same direction as PrCa risk. It is notable 
that rs10993994 and rs2735839 showed a marked difference in allele frequency for 
controls between stages 1 and 2. These results indicate that the stronger associations 
seen in stage 1 for the chromosome 10 and 19 loci may partly reflect the selection of 
low PSA controls. However, the persistence of the associations in stage 2 (which 
selected controls from four population-based studies, all unselected for PSA levels) 
indicate that the association with disease is not solely due to selection on PSA levels. 
 
There were no marked differences in allele frequencies between the controls from UK 
and Australia, or between either of the control groups used in each country, for any 
SNP (table 2 and supplementary table 5). We also note the control frequencies for all 
SNPs in stage 2 are very close to those for the 1958 Birth Cohort, a UK based cohort 
study used in other GWAS (http://www.b58cgene.sgul.ac.uk). No evidence of 
regional variation in genotype frequencies was observed in our study or the 1958 
Birth Cohort. These observations provide reassurance that the control frequencies are 
robust and not subject to significant regional variation.  
 
In stage 1, two of the SNPs (rs10993994 and rs7931342) showed stronger 
associations for familial cases (p=.04 and p=.0002 respectively). In stage 2, there was 
some evidence of a higher relative risk for cases diagnosed before age 60 years for 
rs266849 (supplementary table 6, p=.01). Larger case-control studies will, however, 
be required to estimate more precisely the age-specific relative risks associated with 
these SNPs.  
 
We are able to compare our results with the publicly available results from the Cancer 
Genetic Markers of Susceptibility (CGEMS) study, a genome scan of 1,117 screen 
detected PC cases and 1,105  controls that used the same platform 
(http://cgems.cancer.gov/). There was some evidence of association for each of the 
SNPs on chromosomes 10 (rs10993994; p=.009), 11 (rs7931342; p=.015), 19 
(rs2735839; p=.004) and X (rs5945619; p=.0004), in addition to the TCF2 association 
(rs7501939; p=.002), but no evidence for the novel associations on chromosomes 3, 6 
or 7. These differences may reflect the greater size of our study and the selection for 
clinically detected disease with genetic enrichment due to early age at onset and 
family history.  
 
For four SNPs, the genotype-specific ORs showed some evidence of departure from a 
multiplicative (allele dosage) model. For rs2660753, rs6465657 and rs109933994 the 
rare homozygote ORs were greater than would be expected under this model (p=.02, 
p=.05 & p=.05 respectively), whilst for rs93364554, there was no apparent difference 

http://www.b58cgene.sgul.ac.uk/
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in risk between rare homozygotes and heterozygotes (table 2 and supplementary table 
7).  
 
The seven novel susceptibility regions contain several strong plausible candidate 
genes (see figure 2). rs10993994 and rs7920517 lie within a ~100kb  LD block on 
chromosome 10, containing the microseminoprotein beta gene, MSMB. The most 
strongly associated SNP, rs10993994, is 2bp upstream of the transcription start site of 
MSMB. Its location and the strength of the association raises the possibility that this 
SNP may be causally related to disease risk, but resequencing and further analyses 
will be needed clarify the functional basis of this association. Of note, the risk allele 
removes multiple predicted binding sites for transcription and splicing factors 
(http://www.genomatix.de). Putative androgen and estrogen receptor binding sites lie 
less than 50bp upstream of this SNP. MSMB encodes for PSP94, a member of the 
immunoglobulin binding factor family synthesized by epithelial cells of the prostate 
and secreted into seminal plasma. Loss of expression of PSP94 is associated with 
recurrence after radical prostatectomy13. 
  
rs2735839 lies between KLK2 (hK2)  and KLK3 (PSA). KLK2 and KLK3 kallikreins 
are a subgroup of serine proteases located in a cluster on chromosome 19. PSA is a 
serine protease which liquefies semen and as a serum marker is used in screening and 
disease monitoring; there is also evidence that hK2 may also be useful for screening 
and prognosis14,15. Multiple SNPs in the promoter region have been associated with 
PSA levels16,17 and some have been suggested to be associated with PrCa risk17,18. 
rs27358389 lies 3’ of KLK3 and shows a much stronger association with PSA levels 
than those previously reported, suggesting a novel functional effect. 
 
rs6465657 is in intron 9 of LMTK2 (cprk; BREK; Brain-Enriched Kinase) 19 which 
encodes a neuronal kinase, cyclin-dependent kinase 5 (cdk5)/p35-regulated kinase 
(cprk). Somatic mutations in LMTK2 have been found in a small proportion of cancers 
at other sites20.  
 
rs9364554 is in intron 5 of SLC22A3,  one of the solute carrier family 22 (organic 
cation transporter; OCT) genes. OCTs  are critical for elimination of some drugs and 
environmental toxins. rs5945619 is in a ~2MB LD block on Xp between NUDT10 
and NUDT11 [nudix (nucleoside diphosphate linked moiety X)-type motif 11], about 
2kb upstream of the latter. These genes encode isoforms of diphosphoinositol 
polyphosphate phosphohydrolase which determine the rate of phosphorylation in 
DNA repair, stress responses and apoptosis21. rs2660753 is in a gene-poor region on 
chromosome 3 and rs7931342 lies in an LD block of 70kb on chromosome 11 which 
is a gene desert. 

These results provide strong evidence for seven new PrCa susceptibility loci. In 
addition, they provide strong confirmation for three loci on 8q24 and two on 17q. The 
fact that the previously reported PrCa susceptibility loci could be confirmed at 
genome-wide levels of significance after stage 1 reflects the size of this study and 
perhaps  also the enrichment of cases due to early age at diagnosis or PrCa family 
history.  Based on the effect size seen in stage 2 (that is, ignoring the effect of 
enrichment of the stage 1 set), the current study had approximately 52% power to 
detect the MSMB  association, rising to close to 100% power based on the effect size 
seen stage 1. The results therefore suggest that few, if any, further common loci will 
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be detected with effect sizes that are stronger than MSMB or the strongest 8q loci, at 
least using the current platforms that provide comprehensive coverage based on 
HapMap. We have, however, only followed up a small number of the most significant 
associations in stage 1. It is likely that many other loci will be detectable by further 
follow-up of this and other scans, together with combined analyses of multiple scans. 

Based on the estimated ORs in stage 2 of our study, the novel loci reported here 
would together explain approximately 6% of the familial risk of PrCa, with MSMB 
being the most significant (~2% of the familial risk, comparable to the two strongest 
8q loci). Together with the previously reported loci, approximately 15% of familial 
risk in PrCa can now be explained.  

The results of this study confirm that PrCa is genetically complex, and help clarify the 
genetic architecture of PrCa. The loci include plausible candidates, including a kinase 
gene, loci without obvious candidates and one gene desert, suggesting that diverse 
pathways are likely to be involved. Resequencing of these regions, further genotyping 
and functional analyses will be required to identify the causal SNPs. 
 
These results may have a variety of clinical implications. The involvement of MSMB 
highlights a potential role for its product in PrCa screening, whilst LMTK2 might 
provide a potential therapeutic target. There are also potential implications for risk 
counselling. As expected, the relative risks conferred by these loci are modest: the 
homozygote OR for rs10993994 at MSMB was 1.61 fold (95%CI 1.40-1.86). 
rs2660753 had the highest homozygote OR (2.09), but with a wide confidence 
interval. It is possible, however, that the associations we have found using tag SNPs 
may reflect stronger associations with the causal variants. Furthermore, the combined 
effect of these SNPs may be substantial, and as other SNPs are identified it may be 
possible to define genotypes that are sufficiently predictive of risk to be useful 
clinically. 
 
Methods 
 
Samples 
 
PrCa cases for stage 1 were selected from the UK Genetic Prostate Cancer Study 
(UKGPCS) 22. Cases were selected on the basis of either a diagnosis at age <60 years 
(n=1291) or a first or second degree family history of prostate cancer (n=726). We 
excluded men who reported to be non-white and men who were known to be 
diagnosed through asymptomatic PSA screening. 
 
Controls for stage 1 were selected through the ProtecT study.  ProtecT is a national 
study of community-based PSA testing and a randomised trial of subsequent prostate 
cancer treatment. Approximately 200,000 men between the ages of 50 and 69 years, 
ascertained through general practices in nine regions in the UK, are being recruited.  
For stage 1, we selected men aged ≥50 years with a PSA of <0.5ng/ml. Men known to 
be non-white were excluded. We then selected 2,001 controls to be frequency 
matched to the geographical distribution of the cases. 
 
Stage 2 comprised PrCa cases and controls from the UK and Australia. The former 
were ascertained through the UK GPCS as above (n=332) and through a 



8 

systematically collected  series from PrCa clinics in the Urology Unit at The Royal 
Marsden NHS Foundation Trust (n= 1680) over a 14 year period. UK controls were 
identified through two sources. Four hundred and forty nine controls were drawn from 
the UK GPCS study (Prostate Cancer Research Foundation Study component) and  
were geographically, ethnically and age matched to the UKGPCS young onset cases. 
They had no family or personal history of PrCa.  The remaining controls (n=1712) 
were selected from men in the ProtecT study who had a PSA of <10ng/ml. Men with 
PSA >4ng/ml were excluded if they had a positive prostatic biopsy. As for stage 1, we 
excluded men known to be non-white.  
 
The Australian cases were ascertained from three studies: (i) a population-based series 
of PrCa cases identified from the Victorian Cancer Registry since 1999, diagnosed at 
<56 years (Early Onset Prostate Cancer Study, EOPCFS; n=526); (ii)  a population-
based case control study based on cases diagnosed in Melbourne and Perth  (Risk 
Factors for Prostate Cancer Study, RFPCS; n=594). Cases were identified from the 
population cancer registries, with histopathologically confirmed prostate cancer, 
excluding tumors with Gleason scores of less than 5, diagnosed at < 70 years with 
sampling stratified by age at diagnosis23;24,25 (iii)  a prospective cohort study of 
17,154 men aged 40 to 69 years at recruitment in 1990-4 (Melbourne Collaborative 
Cohort Study, MCCS; n=190) 26,27. Controls were selected from the RFPCS study, in 
which they were identified through through government electoral rolls and frequency 

matched to the age distribution of the RFPCS cases (n=509), together with a random 
sample from the MCCS cohort (n=760). 
 
All studies were approved by the appropriate ethics committees. 
 
Genotyping 
 
Stage 1 genotypes were generated using the Illumina Infinium HumanHap550 array. 
We utilised only samples which called on at least 97% of SNPs at a confidence score 
of ≥0.25. Owing to a re-synthesis of the beadset between the stages, the marker sets 
(versions 1 and 3) are slightly different: 534,446 SNPs were common to both sets, 
14,356 markers were unique to version 1 and 20,441 markers were unique to version 
3. We utilised data on 3840 individuals (1906 cases, 1934 controls): 323 typed on 
version 1 and 3525 on version 3 (including 8 duplicates typed on both versions). All 
the SNPs re-evaluated in stage 2 were from the common set of SNPs, and for 
simplicity the QQ plot and summary results utilise this SNP set.  
 
SNPs were selected for evaluation in stage 2 on the basis of a significance level of 
p<10-6 based on a 1df trend test. We excluded SNPs from the previously reported 
regions of association on 8q24 and 17q. We then conducted multiple logistic 
regression using the set of SNPs in each of the remaining regions, to define SNPs that 
showed evidence of independent association at p<.05. 
 
Genotyping in stage 2 was performed by 5’nuclease assay (Taqman™) using the ABI 
Prism 7900HT sequence detection system according to the manufacturer’s 
instructions. Primers and probes were supplied directly by Applied Biosystems 
(http://www.appliedbiosystems.com/) as Assays-By-Design™. All assays were 
carried out in 384-well format. Each plate included at least 2 negative controls and 2 
duplicates.  

http://www.appliedbiosystems.com/
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Statistical Methods 
 
To identify close relatives we computed identity-by-state (IBS) probabilities for all 
pairs. We identified 27 cryptic duplicate samples (or MZ twins) and 3 pairs of 
probable brothers (IBS >0.86). In each case we excluded the individual with the lower 
call rate. By computing IBS scores between participants and individuals in HapMap 
and using multi-dimensional scaling, we identified 59 individuals who appeared to 
have significant Asian or African ancestry (approximately 10% non-European 
ancestry).  We removed five cases of apparent Kleinfelter’s syndrome. After these 
exclusions, 1854 cases and 1894 controls were used in the final analysis of stage 1.  
 
We filtered out all SNPs with a call rate <95%, a minor allele frequency in controls of 
<1%, or whose genotype frequency in controls departed from Hardy-Weinberg 
equilibrium at p<.00001. After these exclusions, we analyzed 541,129 SNPs, of which 
509,295 were in both versions and common to all samples. Duplicate concordance 
was 98.8%.  
 
In stage 2, we excluded 123 samples that failed on four or more of the assays used. 
The call rates were at least 0.97 for each SNP in each population. Genotype 
distributions in each control population for each SNP were consistent with Hardy-
Weinberg equilibrium. 
 
We assessed associations between each SNP and disease at stage 1 using a 1df 
Cochran-Armitage trend test and a general 2df chi-squared test. Inflation in the chi-
squared statistic was assessed using the genomic control approach: we derived an 
inflation factor (λ) by dividing the median of the lowest 90% of the 1df statistics by 
the 45% percentile of a 1df chi-squared distribution (0.357). This cutoff was used to 
avoid inclusion of SNPs likely to be associated with risk. We chose to present p-
values uncorrected for λ since the estimated λ (1.05) was very close to 1, making little 
difference to the significance levels, and to preserve consistency with the stage 2 
analysis. 
 
After stage 2, stratified 1df and 2df tests were performed, stratifying by stage and 
country. Odds ratios and confidence limits were estimated from the stage 2 data using 
unconditional logistic regression, stratified by country. Tests of homogeneity of the 
odds ratios across strata were assessed using likelihood ratio tests. Geographical 
variation in allele frequencies within the UK was assessed by classifying individuals 
into nine regions. Modification of the odds ratios by age was assessed using a case-
only analysis, assessing the effect of age on SNP genotype in the cases using 
polytomous regression. The effects of SNP genotypes on PSA level were assessed 
using linear regression, after log-transformation of PSA level to correct for skewness. 
Analyses were performed in R (principally using SNPMatrix28) and Stata. Binding 
site predictions were examined using MatInspector from Genomatics 
(http://www.genomatix.de/). 
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Table 1. Characteristics of the study sets used in the final analysis of genotypes. 
 
 
 
Country Study  

Population 
Number of  
Prostate cancer 
cases 

Number of 
controls 

Mean age  
(range) in years

Stage 1 
UK UK GPCS 

Total 
1854 1894  

 Early Onset Cases 1171  54 
(36-60) 

 Familial  Cases   683  62 
(39-88) 

 ProtecT  1894 61 
(50-71) 

     
Stage 2 

UK Total 1960 2104  
 UK GPCS 

Early onset and familial
  303   453 57 

(36-77) 
 RMH Series 1657  68 

(24-89) 
 ProtecT  1651 59 

(50-70) 
     
Australia Total 1308 1262  
 EOPCFS   526      0 52 

(38-55) 
 MCCS   190  756 56 

(38-80) 
 RFPCS   592  506 61 

(40-69) 
 



 

 

Table 2. Summary results for 15 SNPs selected for genotyping in stage 28. 

 

Marker1 Position2 Population Maf3

 
Per allele4 
OR (95%CI) 

Het OR4,5

(95%CI) 
Hom OR4.6 

(95%CI) 
P-value7

   Controls Cases    Stage  Combined 

rs2660753 
C/T 

3 
87193364 

Stage 1 UK 0.081 0.118 1.52 
(1.30-1.77) 

1.48 
(1.25-1.76) 

2.88 
(1.38-5.99) 

9.5x10-8  

  Stage 2 UK 0.105 0.124 1.20 
(1.05-1.38) 

1.10 
(0.94-1.28) 

2.50 
(1.45-4.30) 

  

  Australia 0.118 0.133 1.15 
(0.97-1.35) 

1.11 
(0.92-1.34) 

1.62 
(0.86-3.04) 

  

  All stage 2 0.110 0.128 1.18 
(1.06-1.31) 

1.10 
(0.98-1.24) 

2.09 
(1.39-3.15) 

.0018 2.7x10-8 

          
rs9364554 
C/T 

6 
160753654 

Stage 1 0.285 0.338 1.28 
(1.16-1.41) 

1.17 
(1.03-1.34) 

1.82 
(1.45-2.29) 

9.3x10-7  

  Stage 2 UK 0.293 0.322 1.15 
(1.04-1.26) 

1.20 
(1.05-1.37) 

1.25 
(1.00-1.56) 

  

  Australia 0.288 0.325 1.20 
(1.06-1.35) 

1.36 
 (1.15-1.60) 

1.21 
(0.92-1.60) 

  

  All stage 2 0.291 0.323 1.17 
(1.08-1.26) 

1.26 
(1.14-1.39) 

1.24 
(1.04-1.47) 

4.8x10-5 5.5x10-10 

          
rs6465657 
T/C 

7 
97654263 

Stage 1 0.443 0.508 1.30 
(1.19-1.43) 

1.19 
(1.02-1.38) 

1.72 
(1.43-2.07) 

1.2x10-8  

  Stage 2 UK 0.467 0.497 1.13 
(1.04-1.24) 

1.07 
(0.92-1.24) 

1.29 
(1.08-1.54) 

  

  Australia 0.458 0.484 1.11 
(0.99-1.24) 

0.96 
(0.80-1.15) 

1.26 
(1.01-1.57) 

  

  All stage 2 0.463 0.492 1.12 
(1.05-1.20) 

1.03 
(0.91-1.15) 

1.27 
(1.11-1.46) 

.001 1.1x10-9 

          
rs7920517 
A/G 

10 
51202627 

Stage 1 0.427 0.511 1.39 
(1.27-1.53) 

1.15 
(0.99-1.34) 

1.99 
(1.66-2.39) 

7.2x10-13  

  Stage 2 UK 0.476 0.525 1.21 
(1.11-1.32) 

1.18 
(1.01-1.37) 

1.47 
(1.23-1.75) 

  

  Australia 0.474 0.528 1.23 
(1.11-1.37) 

1.10 
(0.91-1.32) 

1.52 
(1.22-1.90) 

  

  All stage 2 0.476 0.526 1.22 
(1.14-1.31) 

1.15 
(1.02-1.30) 

1.49 
(1.30-1.71) 

9.3x10-9 5.4x10-19 

          
rs10993994 
C/T 

10 
51219502 

Stage 1 0.344 0.459 1.62 
(1.47-1.78) 

1.42 
(1.24-1.64) 

2.80 
(2.30-3.42) 

8.0x10-24  

  Stage 2 UK 0.403 0.451 1.21 
(1.11-1.32) 

1.12 
(0.97-1.29) 

1.51 
(1.27-1.81) 

  

  Australia 0.402 0.468 1.31 
(1.18-1.47) 

1.20 
(1.01-1.43) 

1.79 
(1.42-2.25) 

  

  All stage 2 0.402 0.458 1.25 
(1.17-1.34) 

1.15 
(1.03-1.28) 

1.61 
(1.40-1.86) 

1.5x10-10 8.7x10-29 

          



 

 

 
 

rs7931342 
G/T 

11 
68751073 

Stage 1 0.498 0.438 0.79 
(0.72-0.86) 

0.80 
(0.68-0.92) 

0.62 
(0.52-0.74) 

2.4x10-7  

  Stage 2 UK 0.476 0.438 0.86 
(0.78-0.94) 

0.90 
(0.78-1.04) 

0.73 
(0.61-0.87) 

  

  Australia 0.503 0.452 0.82 
(0.73-0.91) 

0.74 
(0.61-0.89) 

0.67 
(0.54-0.84) 

  

  All stage 2 0.486 0.444 0.84 
(0.79-0.90) 

0.84 
(0.75-0.94) 

0.71 
(0.62-0.81) 

1.1x10-6 1.7x10-12 

          
rs902774 
G/A 

12 
51560171 

Stage 1 0.139 0.183 1.39 
(1.23-1.57) 

1.34 
(1.16-1.55) 

2.29 
(1.50-3.50) 

2.0x10-7  

  Stage 2 UK 0.154 0.155 1.00 
(0.89-1.13) 

0.96 
(0.84-1.11) 

1.16 
(0.80-1.69) 

  

  Australia 0.132 0.144 1.10 
(0.94-1.29) 

1.10 
(0.91-1.32) 

1.25 
(0.71-2.20) 

  

  All stage 2 0.146 0.150 1.03 
(0.94-1.14) 

1.01 
(0.90-1.13) 

1.19 
(0.87-1.63) 

.486 0.00015 

          
rs2659056 
A/G 

19 
56027755 

Stage 1 0.213 0.265 1.33 
(1.20-1.49) 

1.27 
(1.11-1.45) 

2.01 
(1.50-2.68) 

1.2x10-7  

  Stage 2 UK 0.259 0.247 0.94 
(0.85-1.04) 

0.97 
(0.85-1.10) 

0.83 
(0.64-1.07) 

  

  Australia 0.257 0.260 1.02 
(0.89-1.15) 

1.11 
(0.94-1.30) 

0.86 
(0.62-1.20) 

  

  All stage 2 0.258 0.252 0.97 
(0.89-1.05) 

1.02 
(0.92-1.13) 

0.84 
(0.68-1.03) 

.424 .0125 

          
rs266849 
A/G 

19 
56040902 

Stage 1 0.249 0.170 0.62 
(0.55-0.69) 

0.60 
(0.52-0.69) 

0.42 
(0.30-0.58) 

1.0x10-16  

  Stage 2 UK 0.190 0.187 0.98 
(0.87-1.10) 

1.03 
(0.90-1.18) 

0.81 
(0.57-1.15) 

  

  Australia 0.205 0.187 0.90 
(0.78-1.03) 

0.81 
(0.68-0.96) 

1.08 
(0.73-1.61) 

  

  All stage 2 0.196 0.187 0.95 
(0.87-1.03) 

0.94 
(0.84-1.04) 

0.92 
(0.71-1.20) 

.228 9.9x10-10 

          
rs2735839 
G/A 

19 
56056435 

Stage 1 0.211 0.129 0.56 
(0.50-0.64) 

0.58 
(0.50-0.67) 

0.29 
(0.19-0.43) 

2.4x10-20  

  Stage 2 UK 0.152 0.131 0.84 
(0.74-0.95) 

0.78 
(0.68-0.91) 

1.01 
(0.65-1.57) 

  

  Australia 0.151 0.126 0.81 
(0.69-0.95) 

0.82 
(0.68-0.98) 

0.63 
(0.34-1.15) 

  

  All stage 2 0.152 0.129 0.83 
(0.75-0.91) 

0.80 
(0.71-0.89) 

0.85 
(0.60-1.22) 

.0002 1.5x10-18 

          
rs5945619 
T/C 

X 
51258412 

Stage 1 0.353 0.442 1.46 
(1.28-1.66) 

N/A 1.46 
(1.28-1.66) 

2.2x10-8  

  Stage 2 UK 0.356 0.391 1.16 
(1.02-1.32) 

N/A 1.16 
(1.02-1.32) 

  

  Australia 0.361 0.410 1.23 
(1.05-1.44) 

N/A 1.23 
(1.05-1.44) 

  



 

 

 
 
1 dbSNP rs number and major/minor alleles, based on the frequencies in stage 1 controls. 
2 Chromosome and build 36 position. 
3 Minor allele frequency. 
4 OR = odds ratio. 
5 OR in heterozygotes, relative to common homozygotes. 
6 OR in homozygotes, relative to common homozygotes. 
7 Cochran-Armitage test for trend. 
8 Genotype counts are given in supplementary table 8. 
 
 

  All stage 2 0.358 0.398 1.19 
(1.07-1.31) 

N/A 1.19 
(1.07-1.31) 

.0008 1.5x10-9 



 

 

 
Figure1.  Quantile-quantile plot for the test statistics (Cochran-Armitage 1df chisquared 

trend tests) for stage 1. The continuous line gives the expected distribution assuming no 

inflation of the test statistics. Inflation was assessed using the lowest 90% of the test 

statistics (expected values less than 2.71). 

 
Figure 2. Summary of results. Dx=age at diagnosis, chrom.=chromosome. 

 
 
 


