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Follow-up of potential novel Graves’ disease
susceptibility loci, identified in the UK WTCCC
genome-wide nonsynonymous SNP study

Paul R Newby!, Oliver J Pickles!, Samaresh Mazumdar!, Oliver J Brand!, Jaqueline D Carr-Smith!,
Simon HS Pearce?, Jayne A Franklyn!, Wellcome Trust Case—~Control Consortium (WTCCC)3,
David M Evans?, Matthew ] Simmonds' and Stephen CL Gough”’l’5

A recent association scan using a genome-wide set of nonsynonymous coding single-nucleotide polymorphisms (nsSNPs)
conducted in four diseases including Graves’ disease (GD), identified nine novel possible regions of association with GD. We
used a case—control approach in an attempt to replicate association of these nine regions in an independent collection of 1578
British GD patients and 1946 matched Caucasian controls. Although none of these loci showed evidence of association with GD
in the independent data set, when combined with the original Wellcome Trust Case-Control Consortium study group, minor
differences in allele frequencies (P>10-3) remained in the combined collection of 5924 subjects for four of the nsSNPs,
present within HDLBP, TEKT1, JSRP1 and UTX. An additional 29 Tag SNPs were screened within these four gene regions to
determine if further associations could be detected. Similarly, minor differences only (P=0.042-0.002) were detected in two
HDLBP and two TEKT1 Tag SNPs in the combined UK GD collection. In conclusion, it is unlikely that the SNPs selected in this
replication study have a significant effect on the risk of GD in the United Kingdom. Our study confirms the need for large data
sets and stringent analysis criteria when searching for susceptibility loci in common diseases.
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INTRODUCTION

Autoimmune thyroid diseases (AITD) including Graves’ disease (GD)
and Hashimoto’s thyroiditis are common autoimmune diseases that
develop as a result of environmental triggers in individuals with a
genetic predisposition. Although a number of replicated genetic
associations are emerging, providing insights into the underlying
disease mechanisms, a significant component of the genetic contribu-
tion to AITD remains unknown.

In keeping with other common diseases, the identification of novel
genetic variants conferring susceptibility has proved problematic with
genome-wide linkage analysis generally proving disappointing in
identifying loci for AITD.!? Recent genome-wide association studies
are, however, now beginning to reveal a number of novel genetic
variants in many common diseases. The Wellcome Trust Case—Control
Consortium (WTCCC) in the United Kingdom has recently com-
pleted two large association studies in 11 common diseases and
reported a number of novel loci for most diseases.>* In the smaller
of the two studies, the WTCCC investigated 5500 individuals, which
included 900 cases with GD, using a genome-wide set of 14500
nonsynonymous coding single-nucleotide polymorphisms (nsSNPs).
Although the strongest association signal was unsurprisingly identified
in the human leukocyte antigen (HLA) region (P value<10~%0),

association was also confirmed at the previously reported thyroid
stimulating hormone receptor gene (TSHR)® and Fc receptor-like 3
gene (FCRL3),%® with a further nine novel regions showing some
evidence of association with P value <1044 The aim of this study was
to try to replicate the association identified in the nine novel regions in
an independent UK collection of GD subjects and controls.

MATERIALS AND METHODS

Subjects

A total cohort of 2478 unrelated Caucasian GD patients of UK origin were
recruited into the AITD UK National Collection as previously described.”
Control samples totaling 3446 were obtained from the 1958 British Birth
cohort (http://www.b58cgene.sgul.ac.uk). The WTCCC had previously geno-
typed 900 GD patients and 1500 control subjects from these data sets in the
14 500 nsSNPs association scan.* In total, therefore, a further 1578 GD patients
and 1946 controls, not previously included in the WTCCC nsSNP scan, were
incorporated into this replication study. All subjects gave informed written
consent and the project was approved by the local research ethics committee.

nsSNP genotyping

Nine novel nsSNP associations detected outside the HLA region that met a
point-wise significance level of P<10~* in the original WTCCC nsSNP scan
were genotyped in an independent collection of 3524 samples (see Table 1 for a
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Table 2 Tag SNP genotyping of HDLBP, TEKT1, JSRPI1 and UTXin a
case—control collection of 2478 patients with GD and 2690 control
subjects

Gene Tag SNPs  Case MAF  Control MAF P-value OR 95% CI
HDLBP rs6437249 0.30 0.32 0.036 0.91 0.84-0.99
HDLBP rs11680329 0.21 0.19 0.042 1.11 1.00-1.22
HDLBP  rs3771346 0.25 0.27 0.082 0.92 0.84-1.01
HDLBP  rs6724257 0.38 0.39 0.292 0.96 0.88-1.04
HDLBP  rs2305076 0.09 0.10 0.364 0.94 0.82-1.07
HDLBP rs6705421 0.46 0.45 0.411 1.03 0.95-1.12
HDLBP  rs15129 0.18 0.19 0.442 0.96 0.87-1.06
HDLBP  rs7559564 0.20 0.20 0.515 0.97 0.87-1.07
HDLBP  rs4675973 0.28 0.29 0.527 0.97 0.89-1.06
HDLBP  rs4675971 0.17 0.17 0.766 0.98 0.88-1.10
HDLBP  rs2289795 0.28 0.28 0.775 1.01 0.93-1.11
HDLBP  rs3755325 0.48 0.48 0.794 0.99 0.91-1.07
HDLBP rs6757876 0.17 0.17 0.828 1.01 0.91-1.13
HDLBP rs10185319 Failed HWE Failed HWE — — —
TEKT1 rs4796561 0.42 0.45 0.002 0.88 0.81-0.96
TEKT1 rs4796356 0.29 0.27 0.010 1.12 1.03-1.23
TEKT1 rs8078571 0.46 0.48 0.037 0.91 0.85-0.99
TEKT1  rs3744395 0.20 0.21 0.172 0.93 0.85-1.03
TEKT1 rs17804647 0.10 0.10 0.241 1.08 0.95-1.24
TEKT1 rs17731932 0.14 0.14 0.548 0.97 0.86-1.08
JSRPI1 rs886363 0.19 0.20 0.053 0.91 0.82-1.00
JSRP1  rs3746158 0.33 0.32 0.682 1.02 0.94-1.11
utx rs9781530 0.07 0.06 0.308 1.09 0.92-1.32
uTtx rs5952647 0.19 0.18 0.321 1.06 0.94-1.19
uTtx rs6611063 0.19 0.19 0.353 1.03 0.92-1.22
utx rs17215160 0.12 0.12 0.894 1.07 0.93-1.22
utx rs6611065 Failed HWE Failed HWE — — —

Cl, confidence intervals; GD, Graves’ disease; HWE, Hardy—Weinberg equilibrium; MAF, minor
allele frequency; OR, odds ratio; SNP, single-nucleotide polymorphism. Tag SNP data for
HDLBF, TEKTI, JSRPI and UTX (phase 2, build 36, CEU population) was downloaded from
the International Haplotype Mapping Project website (http://www.hapmap.org). Taking into
account the initially genotyped SNPs, a further 29 Tag SNPs were chosen with a minimum r2 of
0.80 and MAF>0.05 to capture the majority of common variation within these genes; including
14 for HDLBP, 8 for TEKTI (although assays for two of these could not be designed for our
genotyping platform and could not be screened), two for JSRPI and five for UTX (see
Supplementary Table 1 for SNPs captured by these 29 Tag SNPs).

All ORs are generated from the MAF. All associations are highlighted in bold.

Tag SNP genotyping results

None of the Tag SNPs for JSRP! or UTX showed evidence of
association with GD in the geographically matched combined
collection of 5168 samples (2478 GD cases and 2690 controls)
(Table 2). Out of 14 Tag SNPs for HDLBP; two, rs6437249 and
rs11680329, showed some evidence for association with GD producing
ORs of 091 (95% CI=0.84-0.99) and 1.11 (95% CI=1.00-1.22),
respectively. From the six Tag SNPs for TEKTI; two, rs4796561 and
rs4796356, also showed some evidence for association with GD
producing ORs of 0.88 (95% CI=0.81-0.96) and 1.12 (95%
CI=1.03-1.23). A third SNP 1rs8078571 showed differences in allele
frequency but no evidence of genotypic association (P=0.104).

DISCUSSION

In this study, we have failed to replicate, in an adequately powered
independent data set, association of nine novel nsSNPs previously
reported to be weakly associated with GD in the WTCCC nsSNP
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study. Although none of the original nsSNPs were found to be
associated with GD in the replication study, nsSNPs in HDLBP,
TEKTI, JSRPI and UTX remained weakly associated (P<0.05) in
the complete collection of 5924 UK GD cases and controls. Tag SNPs
in HDLBP and TEKT1I, not originally typed in the nsSNP study also
provide a weak signal for association in the complete geographically
matched collection.

A number of significant replicated associations have previously
been reported for GD, the HLA class I and 1II regions,g’10 cytotoxic
T-lymphocyte-associated protein 4 (CTLA-4),!' protein tyrosine
phosphatase non-receptor type 22 (PTPN22)'>!3 and TSHR® with
ORs for the development of disease ranging from 1.50-3.00. Weaker
replicated effects are also likely to be conferred by the interleukin 2
receptor alpha gene (IL2RA),'* CD40'>'® and FCRL* with lesser ORs
of 1.10-1.30. Other loci in Caucasian subjects have been reported
although findings are less consistent (thyroglobulin!”!8) or require
further replication (including PTPN2 and CD226'°). To help identify
further susceptibility loci, large-scale genome-wide association studies
(comprising >500000 SNPs) have been conducted and are at last
beginning to deliver novel susceptibility loci for a number of common
diseases including the autoimmune diseases. The most comprehensive
association study published in GD was conducted by the WTCCC and
included 14500 nsSNPs in 900 GD index cases and 1500 controls.*
Reassuringly, association with disease was replicated for the previously
identified loci within the HLA region, FCRL3/5 and the TSHR. Other
previously identified loci including CTLA-4 and PTPN22 were not
detected as these genes were not covered in the nsSNP study, which
used a custom-made Infinium array (Illumina, San Diego, CA, USA)
based largely on experimentally validated nsSNPs with a MAF> 1% in
western European samples.* In addition to HLA, FCRL3/5 and the
TSHR, nine novel regions were also reported to be weakly associated
with GD at a significance level of only P<<10~* The lack of replication
reported in the current independent collection of GD index cases and
controls vindicates the caution exercised over the interpretation of the
weak associations in the original WTCCC nsSNP study.

The replication collection of UK GD cases and controls used in this
study was adequately powered to detect the size of effect observed in
the WTCCC nsSNP study, except TEKT1. More over for the majority
of SNPs tested we had >80% power in the replication collection to
detect an OR of 1.13-1.18 or higher. Clearly, however, we can not
exclude smaller sized effects at these loci, which may be contributing
to the overall genetic architecture of GD. Studies in other common
autoimmune diseases have revealed loci conferring ORs for disease
risk of <1.20 and have indicated the size of cohort required to detect
such effects. In type 1 diabetes, wherein results from two different
genome-wide studies both using approximately 4000 cases and con-
trols found loci with small effects, including, for example, BACH2 and
CTSH, convincing genome-wide statistical significance was only
achieved when these effects were tested in 12971 cases and controls.?°

The replication and extension data presented in this study, based on
5924 samples and representing the largest GD association study to
date, serve to highlight, the importance of appropriate levels of
statistical significance and data interpretation. Our study also high-
lights the need for collaborative efforts to produce large collections of
DNA for genome-wide screening and replication in common diseases
such as GD in which individual susceptibility loci are likely to be
exerting small effects.
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