
Details of a partial genomewide association study of Sex Hormone Binding 

Globulin levels 

Of the 2115 women with measured SHBG levels, 1555 were among the 3916 

controls in stage 2 of our recent genome-wide breast cancer association study and 

had therefore been genotyped by Perlegen Sciences for approximately 5% of the 

SNPs that had shown the strongest evidence of association with breast cancer in 

Stage 1 of that study (n=12,711 of which 12,020 were polymorphic in this set).  

Further details of the genotyping and study are given in (1) and (2). 

The residuals after adjusting for BMI, waist and hip circumferences, age and smoking 

status and previous oral contraceptive use were used as the independent variable in 

a series of Score Tests for univariate associations between individual SNP 

genotypes and adjusted SHBG levels.  This is asymptotically equivalent to a linear 

regression analysis adjusting for the covariates, but is computationally faster.  A 

global test of association between genotyped SNPs and SHBG was performed by 

summing the Score Test statistics over all SNPs and comparing the observed sum 

with the distribution of summed statistics over 10000 random permutations of 

genotypes to individuals.  Analyses were performed using custom-written FORTRAN 

77 programs. 

Eleven SNPs were associated with SHBG level at the p<10-3 level, compared with 12 

SNPs expected by chance (Supplementary Figure 1, global score test p=0.24). The 

strongest association was with rs4511593, located on 17p in the TNFSF12 gene 

(tumour necrosis factor (ligand) super family member 12), 80kb distal to SHBG, 

(p=6x10-6).  This significance level is just outside the threshold demanded for a 

conservative Bonferroni-corrected 5% significance level, assuming that all 12,020 

SNPs are in linkage equilibrium (threshold=4x10-6).  The minor C allele of TNFSF12 

rs4511593 was associated with higher SHBG levels (eβ =1.07, 95% CI 1.04, 1.11).  



However, the association was no longer significant once the three best SHBG SNPs 

were included in the multivariate model (p=0.32), suggesting that the observed 

association was a consequence of LD between rs4511593 and one or more SNPs in 

the SHBG gene (e.g. r2=0.54 with rs858524; r2=0.52 with rs1799941).  If so, it is 

noteworthy that the signal was detectable nearly 80kb away; this may have 

implications for the interpretation of significant findings in other association studies. 

Apart from rs4511593, the distribution of significance levels as seen on the Quantile-

Quantile plot did not deviate markedly from that expected by chance. The ten next 

most significant SNPs are labelled; none are in, or close to, genes known to operate 

in hormonal pathways. 

In addition, the 1134 women in the main candidate-gene study of SHBG SNPs had 

previously been genotyped for 682 SNPs across 117 candidate breast cancer 

susceptibility genes as part of ongoing studies (3).  Three of the four most 

significantly associated SNPs were in the TP53 gene, around 46kb proximal to 

SHBG (the most significant SNP was rs1042522, R72P, p=10-9).  The TP53 SNPs 

were no longer significant once the set of SHBG SNPs were included in the 

multivariate model, suggesting that the observed associations were also not causal 

but a reflection of their proximity to the SHBG gene.  When all six TP53 SNPs were 

excluded, the global permutation test of association with SHBG levels was not 

significant (p=0.16) (data not shown – available on request). 
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