European Journal of Human Genetics (2005) 13, 1223-1230
© 2005 Nature Publishing Group  All rights reserved 1018-4813/05 $30.00

e

www.nature.com/ejhg

Association of the TSHR gene with Graves’ disease:
the first disease specific locus
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The development of autoimmune thyroid disease (AITD) is associated with autoantibodies directed against
the thyroid stimulating hormone receptor (TSHR). Previous studies have failed to demonstrate a consistent
association between the TSHR and AITD, or any of its sub-phenotypes. In the present study, we analysed
the linkage disequilibrium (LD) structure encompassing the TSHR, to identify LD ‘blocks’ and SNPs, which
capture the majority of intra-block haplotype diversity. The haplotype tagging SNPs, plus all common SNPs
reported in previous studies were genotyped in 1059 AITD Caucasian cases and 971 Caucasian controls.
A haplotype, across two LD blocks, showed association (P<1 x 10, OR 1.7) with Graves’ disease (GD) but
not autoimmune hypothyroidism (AIH). We replicated these findings by genotyping the most associated
GD SNP, rs2268458, in a separate UK Caucasian cohort of 1366 AITD cases and 1061 controls (GD,
P=2x10"% OR 1.3; AlH, P= NS). These results in two independent Caucasian data sets suggest that the
TSHR is the first replicated GD-specific locus meriting further fine mapping and functional analysis to
identify the aetiological variants.
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Introduction
Autoimmune thyroid disease (AITD) is a common disorder,
encompassing both Graves’ disease (GD) and autoimmune
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hypothyroidism (AIH) each with a prevalence of around
1%." GD manifests through the production of autoanti-
bodies that bind and stimulate the thyroid-stimulating
hormone receptor (TSHR) resulting in hyperthyroidism.>
Similarly, in AIH autoimmune targeting of the thyroid
leads to tissue destruction and hypothyroidism, although
less than 15% of cases are believed to be due to the effect
of blocking autoantibodies against the TSHR? with other
thyroid autoantibodies likely to be exerting a primary
disease-causing effect.



TSHR association with Graves’ disease
BM Dechairo et al

Evidence for a genetic predisposition to AITD is well
established from familial clustering and twin studies, with
sibling-risk estimates of between 5 and 10 for individual
diseases.*> Genome scans across extended families and
affected sibling pair cohorts have detected linkage to
several chromosome regions, but have yet to convincingly
replicate a single locus.®’ Candidate genes studies have
met with greater success, with replicated associations
between AITD and HLA on chromosome 6p21,° CTLA4
on chromosome 2q33° and LYP on chromosome 1p13.2%!!

The well-known biological role of the TSHR and the link
between TSHR autoantibodies and disease have made the
TSHR an obvious candidate for AITD. While family studies
have yet to confirm the linkage between the TSHR region
on chromosome 14 and an AITD phenotype,®”'!? several
small association studies have examined known amino-
acid residue changing polymorphisms within the TSHR'3~!
and produced conflicting results.

In the present study, we sought to determine whether
the TSHR is a susceptibility locus for an AITD phenotype.
First, by using 40 single nucleotide polymorphisms (SNPs),
we defined linkage disequilibrium (LD) ‘blocks’ across the
TSHR genomic interval and subsequently selected haplo-
type tagging SNPs (htSNPs).>>?*> We then conducted a
two-stage case—control association study (1059 AITD
cases vs 971 controls) using the htSNPs as well as polymor-
phisms across the TSHR previously analysed by other
groups.’*>~?! Finally, we replicated the most associated
SNP in an independent cohort (1366 AITD cases and 1061
controls).

Materials and methods
Study design

For assay validation and LD analysis, 86 control samples
from the UK were genotyped. In order to limit the amount
of genotyping, save DNA resources and decrease reagent
expenditure, a two-staged approach was used in the initial
association study. For Stage 1, 366 AITD cases (183 AIH and
183 GD) and 350 controls were genotyped. Only SNPs
showing association, P<0.05, in the Stage 1 analysis were
taken forward to Stage 2. For Stage 2, 730 AITD cases (367
AIH and 363 GD) and 621 controls were genotyped. Both
index cases and controls were selected randomly from their
respective cohorts. The most associated SNP from the
combined data set was then analysed in the UK replication
cohort.

Subjects (initial study 1)

Unrelated index cases with GD and AIH were taken from
1119 relative pairs with AITD. The relative pairs were
collected as part of an international collaboration from
eight participating centres in the UK, Continental Europe
(Denmark) and Australasia (Australia and New Zealand) all
with similar prevalence data for AITD. The study received
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ethical approval from each institution’s local review ethics
committee and additionally from the regional multi-centre
ethics committees where appropriate. Written informed
consent was obtained from every participant. To minimise
genetic heterogeneity, only subjects with at least a three-
generation history of white Caucasian origin were re-
cruited. All subjects satisfied identical inclusion and
diagnostic criteria for the respective disease states and
were recruited by the local endocrinologist. Families were
recruited if they had either a sibling pair or at least two
affected members (including avuncular and grandparent/
grandchild pairs, but excluding parent/offspring relation-
ships) affected with AITD.

GD was defined by the presence of documented
biochemical hyperthyroidism in combination with either
(1) a diffuse goiter on a scan or (2) positive autoantibodies
(to TSHR, TG or TPO) or (3) Graves’ ophthalmopathy or
(4) confirmation of a lymphocytic infiltrate in thyroid
histology. The diagnostic criteria for AIH were defined
as documented biochemical hypothyroidism and either
(1) positive autoantibodies to TG or TPO or (2) histo-
logical confirmation of a lymphocytic infiltrate in a fine
needle aspirate or (3) presence of a goiter on clinical
examination. Clinical criteria reflected those seen in the
general population’~® with a mean age at onset within
the fourth decade and, for example, 50% of patients with
GD having thyroid eye disease (TED) and an AITD F:M ratio
of 6:1.

Gender matched controls with no known family history
of AITD, of white Caucasian decent, were collected from
seven large centres within the UK via general practice.

Subjects (replication study 2)

Unrelated Caucasian patients of UK origin with GD and
AIH were recruited from thyroid clinics in the UK, as
previously described.?*?® Briefly, patients were defined as
having GD by the presence of biochemical hyperthyroid-
ism together with either the presence of TED or two of the
following criteria: diffuse goiter, a significant titre of
microsomal (TPO), thyroglobulin (Tg) or TSHR autoanti-
bodies. AIH was diagnosed by the presence of biochemical
hypothyroidism together with a significant titre of TPO, Tg
or TSHR autoantibodies, with or without a diffuse goiter.
Ethnically and gender-matched control subjects with no
family history of autoimmune disease were bled at
geographically matched sites. All control subjects had
normal thyroid function and were negative for thyroid
autoantibodies. All patients and subjects gave informed
written consent and the local ethics committee approved
the project. In total, 1366 AITD cases (307 AIH and 1059
GD) and 1061 controls were recruited.

Genotyping
Prior to genotyping, venous blood samples were taken
from all subjects and DNA was prepared centrally (Oxagen
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Ltd) from whole blood using the Puregene kit (Gentra
Systems) according to the manufacturer’s instructions.
DNA concentration was checked by performing three
independent Picogreen assays. Each sample was checked
for amplification success using three different sets of
primers and products on an agarose gel with 99.9% of
DNA samples extracted passing the amplification QC test.

A total of 40 SNPs across a 600 kb genomic DNA interval
(NCBI, build 34, chromosome 14) encompassing the TSHR
transcript (GenBank NM_000369) were selected for valida-
tion from public databases (dbSNP) and previous publica-
tions'®~2! (Table S1).

Genotyping for the LD analysis and two-stage experi-
ment was performed using TagMan® chemistry. All 40
SNPs were ordered as either pre-validated TagMan® Assays-
on-Demand™ or newly designed TagMan® Assays-by-
Design® (Applied Biosystems). Using the RAPIDGene™
automated genotyping system (Oxagen), 2.5ul of 2x
TagMan® assay and 2.5 ul of Absolute™ QPCR ROX Mix
(ABgene) were added to 10ng of dried genomic DNA. The
TagMan® reaction was carried out following Applied
Biosystems standard protocol. Fluorescent emissions were
captured using the ABI Prism®™ 7900HT Sequence Detection
System and converted into genotypes using the ABI Prism®
SDS 2.0 software package. Genotype data were electroni-
cally linked with phenotype data for each individual.

For the replication study, DNA was prepared in Birming-
ham UK using Nucleon Bacc II kit from Tepnel Life Sciences
PLC, Manchester, UK. 152268458 was designed and ordered
as a PCR-RFLP assay (Sigma Genosys; F-CCAGCAGAGG
GAGCACAA, R- TAGAGAATAGAGCAGCAAGACACT). The
415bp product was amplified from 20 ng of genomic DNA
using 35 cycles of PCR (TAQ DNA polymerase, Bioline;
dNTPs, Amersham). Postamplification, S ul of the 25 ul PCR
reaction were digested for 2h at 37°C using the Alul
restriction endonuclease (New England Biolabs). The
digested DNA fragments were separated on a 3% agarose
gel, visualised using ethidium bromide and converted into
genotypes.

Statistical analysis
Pairwise coefficients of LD were estimated using the
expectation-maximization (EM) algorithm?® implemented
in LDMAX, and the resulting patterns of LD across the
TSHR genomic interval were visualised using GOLD 1.1.%7
LD ‘blocks’ were defined with a pairwise r* cutoff of >0.25.
For each block, haplotype frequencies across all SNPs were
estimated using the EM algorithm in SNPHAP v.0.2.1. The
minimal set of SNPs which tag all nontag SNPs with a
haplotypic *>0.9 was then selected using the program
htsearch, implemented within the statistical package
STATA v.1.8** (Table S1).

Significance of single SNP allelic and haplotype associa-
tion analyses were assessed by a log-likelihood ratio (LLR)
test, as described by Clayton.?®

Estimation of haplotype frequencies and likelihoods, for
both randomised and actual data, was with the software
SNPHAP. A PERL script (RASH - randomised association
using SNPHAP) was written to automate this procedure and
is available on request. In addition to accounting for
problems associated with rare haplotypes, the use of an
empirical significance level derived by randomising affec-
tion status of individuals (rather than of chromosomes)
does not require any assumption of Hardy-Weinberg
equilibrium in cases or/and controls.”® Finally, for haplo-
types, an approximate Z-score was computed, to compare
the frequency of any individual haplotype in cases and
controls. These analysis procedures follow those imple-
mented in the program GENECOUNTING (2002), with the
exception that we used SNPHAP to implement haplotype
and likelihood estimation. In all, 1000000 permutations
were used for combined and replication single SNP P-value
calculations, and 10000 permutations were used for
haplotype and Stage 1 single SNP P-value calculations.

Quality of genotypes was assessed with tests of Hardy-
Weinberg equilibrium and tests of allelic and haplotypic
heterogeneity between the Stages 1 and 2 cohorts. The tests
of heterogeneity between the two stages were also
conducted by LLR tests with empirical significance levels,
here using 10000 permutations. Odds ratios and corre-
sponding 95% confidence intervals were calculated using
GenStat v.6.2 from VSN International Ltd.

Results
SNP validation, LD block determination, and htSNP
selection

Three blocks of LD were defined from the pairwise r* data,
from 17 SNPs across the TSHR genomic interval (~250kb)
in 86 individuals. To investigate additional haplotype
diversity within the middle block, three further SNPs were
validated. To define the ‘boundaries’ of blocks 1 and 3, 17
additional SNPs were validated extending 5’ from block 1
and 3’ from block 3. Finally, to compare current results
with those from previous publications, all known amino-
acid residue altering polymorphisms were genotpyed. In
total, 38 SNPs with minor allele frequencies (MAF) greater
than 0.01 were used for LD block structure analysis across
the TSHR region (Figures 1 and 2).

Using the National Center of Biotechnology Information
(NCBI) build 34 draft of the human genome sequence, the
three LD blocks spanning the TSHR were calculated to be
roughly 355, 87, and 40kb, respectively. Block 1 covered
the region approximately 280kb upstream from exon 1
and extended into intron 1. Block 2 started in intron one
and terminated at an undefined point between intron 6
and 8. Block 3 covered the remainder of the gene and
extended about 10kb 3’ to exon 10 (Figure 1).

Altogether 18 htSNPs were chosen, nine, four and five
SNPs across blocks 1, 2 and 3, respectively. In addition, two
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Figure 1 LD analysis across the TSHR genomic region on chromosome 14. (a) Location of the 10 TSHR exons (top) and 38 SNPs (bottom) across
the ~600kb genomic interval. (b) Graphical interpretation of pairwise r statistics. (c) LD blocks determined using an r? cutoff of >0.25.

b -.
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Figure 2 LD analysis across the TSHR genomic region using the Caucasian HAPMAP data. (a) Graphical interpretation of pairwise r* statistics.
(b) LD blocks determined using an r* cutoff of >0.25.

extra nontagged SNPs, selected for genotyping prior to Two-stage association study
defining the 5’ boundary of block 1, were genotyped Stage 1 A total of 20 SNPs were genotyped across 365
(Table S1). AITD cases and 350 controls with an average genotyping
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call rate of 99.23% (SD 0.78) per marker. Single SNP
association (P<0.05) was detected for both GD and AITD,
but not for AIH (Table 1). In GD, nine SNPs across blocks 1
and 2 showed single SNP association (P<0.05), including
three SNPs with censored P-values of 0, due to the use of
only 10000 permutations during analysis (P<1 x 107%).

The haplotype analysis in Stage 1 gave similar results to
the single SNP data, in that GD and AITD showed
association with no contribution from AIH (Table 2). While
interpretation of the global haplotype results suggested
that only block 2 was associated, the Z-scores of the
individual haplotype results indicated that a single haplo-
type across blocks 1 and 2 was driving the association
(Table 3). When comparing the haplotype data with the
single SNP results, this remained the most parsimonious
explanation. In fact, all SNPs in blocks 1 and 2 with their
minor allele on the associated haplotype showed single
SNP association to GD. Only the weak single SNP associa-
tion with the rare amino-acid-altering polymorphism PS2T
appeared to be independent to the haplotype.
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As none of the SNPs in block 3 showed association with
disease, including rs2288495, which had its minor allele on
the associated haplotype, these were not taken forward for
further analysis.

Stage 2 The power of the analysis was increased by
doubling the number of individuals genotyped and
combining the data with Stage 1. An additional 694 AITD
cases and 621 controls were genotyped using the 15 SNPs
from blocks 1 and 2, with an average genotype call rate of
99.62% (SD 0.69) per marker.

In total, 10 of the 15 SNPs showed association (P<0.05)
with GD, three of which were more significant than could
be calculated using 1000000 permutations (P<1 x 107
(Table 4). Investigation into the consistency of the SNP
data revealed one deviation from Hardy-Weinberg equili-
brium in the combined GD cases (P=0.005, rs2284722),
one deviation from homogeneity between the two stages
of genotyping for the GD cases (P=0.012, 1s2300523)
and one deviation from homogeneity between the

Table 1 Stage 1 single SNP association results
CON GD AlH AITD

SNP Blocks MAF  MAF  Allelic P OR 95% ClI MAF  Allelic P OR 95% ClI MAF  Allelic P OR 95% ClI
rs2167061 1 0.338 0.407 0.0126 1.39 1.07-1.81 0.316 0.5979 0.93 0.71-1.23 0.362 0.2150 1.15 0.92-1.44
rs2590480 1 0.399 0.344 0.0712 0.79 0.60-1.02 0.448 0.1466 1.21 0.94-1.57 0.396 0.8763 0.98 0.79-1.21
rs2371461 1 0.370 0.363 0.7530 0.96 0.74-1.25 0.353 0.5393 0.92 0.70-1.19 0.358 0.5783 0.94 0.75-1.16
rs2217177 1 0.427 0.475 0.0013 1.50 1.16-1.94 0.398 0.4285 0.90 0.69-1.17 0.462 0.1506 1.17 0.95-1.45

D36H 1 0.004 0.011 0.2369 2.56 0.57-11.5 0.008 0.6717 1.92 0.38-9.53 0.010 0.3406 2.24 0.58-8.71

P52T 1 0.056 0.028 0.0274 0.47 0.23-0.94 0.058 1.0000 1.01 0.59-1.74 0.043 0.2153 0.74 0.46-1.19
rs2110695 1 0.165 0.156 0.6146 0.91 0.64-1.29 0.168 0.9557 0.99 0.71-1.39 0.162 0.7249 0.94 0.71-1.25
rs2284722 1 0.325 0.437 0.0002 1.63 1.25-2.12 0.318 0.8934 0.98 0.75-1.29 0.377 0.0302 1.28 1.03-1.59
rs2268458 1 0.251 0.385 0.0000° 1.90 1.44-2.49 0.257 0.8146 1.05 0.78-1.40 0.321 0.0014 1.44 1.14-1.81
rs917986 1 0.262 0.271 0.7869 1.04 0.78-1.38 0.261 0.9433 0.99 0.74-1.32 0.266 0.9781 1.01 0.79-1.28
rs2300521 1 0.237 0.354 0.0000° 1.77 1.34-2.34 0.239 0.9445 1.02 0.76-1.37 0.296 0.0114 1.37 1.08-1.74
rs2300523 2 0.224 0.350 0.0000° 1.84 1.39-2.43 0.258 0.2833 1.19 0.88-1.60 0.304 0.0013 1.50 1.18-1.90
rs1005292 2 0.205 0.191 0.5609 0.90 0.66-1.24 0.187 0.4169 0.88 0.64-1.21 0.189 0.3766 0.88 0.68-1.15
rs2284734 2 0.312 0.399 0.0056 1.45 1.11-1.88 0.290 0.4454 0.89 0.67-1.17 0.344 0.2247 1.15 0.92-1.43
rs2241119 2 0.116 0.200 0.0007 1.87 1.33-2.64 0.118 1.0000 1.01 0.68-1.49 0.159 0.0291 1.42 1.05-1.93
rs2268476 3  0.261 0.238 0.3633 0.87 0.65-1.16 0.254 0.7246 0.95 0.71-1.27 0.246 0.4711 091 0.72-1.16
rs1957547 3 0.407 0.361 0.0784 0.80 0.61-1.03 0.399 0.6415 0.94 0.72-1.21 0.380 0.1867 0.87 0.70-1.07
rs2300540 3 0.284 0.283 0.9204 0.98 0.74-1.30 0.295 0.8036 1.04 0.78-1.38 0.289 0.9487 1.01 0.81-1.28

D727E 3  0.079 0.082 0.8896 1.05 0.65-1.68 0.099 0.2811 1.30 0.83-2.05 0.090 0.4506 1.18 0.80-1.72
rs2288495 3 0.451 0.500 0.1266 1.22 0.94-1.57 0.481 0.3520 1.13 0.87-1.45 0.490 0.1652 1.17 0.95-1.44
The use of 10000 permutations limits P-value calculations to four decimal places, P<1 x 107*.
Nine associated SNPs in italics.
Table 2 Global haplotype association results (P-values)

Stage 1 Combined

Block GD AlH AITD GD AlH AITD
1 0.1933 0.8674 0.6356 0.0023 0.9539 0.2545
2 0.0003 0.2111 0.0030 0.0002 0.2019 0.0006
3 0.4471 0.8776 0.5894 NA NA NA
1 and 2 0.1155 0.6483 0.7313 0.0565 0.7070 0.2731
1,2 and 3 0.0141 0.6909 0.0271 NA NA NA
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Table 3 Best individual GD haplotype results (P<1 x 10~

Stage 1 Combined
Block HAP? Z-score GD MAF CON MAF Z-score GD MAF CON MAF
1 21121112212 4.53 0.197 0.098 4.99 0.183 0.118
2 2122 4.42 0.190 0.095 4.83 0.155 0.096
3 NS NA NA NA NA NA NA
1 and 2 211211122122122 4.81 0.117 0.040 4.46 0.088 0.047
1,2and 3 21121112212212211112 3.67 0.088 0.035 NA NA NA
The common allele is coded 1 and the minor allele is coded 2.
Table 4 Combined single SNP association results
CON GD AlH AITD

SNP Blocks MAF MAF  Allelic P OR 95% CI  MAF Allelic P OR 95% CI  MAF Allelic P OR 95% ClI
rs2167061 1 0.320 0.401 0.000002 1.45 1.24-1.70 0.342 0.127796 1.13 0.96-1.32 0.371 0.000317 1.27 1.11-1.45
rs2590480 1 0.418 0.361 0.001674 0.79 0.67-0.92 0.417 0.938138 0.99 0.85-1.15 0.389 0.074069 0.89 0.79-1.01
rs2371461 1 0.368 0.363 0.641216 0.96 0.82-1.12 0.363 0.643662 0.96 0.83-1.12 0.363 0.528635 0.96 0.84-1.09
rs2217177 1 0.437 0.490 0.000034 1.36 1.17-1.58 0.435 0.928828 1.01 0.87-1.17 0.473 0.010718 1.18 1.04-1.33

D36H 1 0.007 0.010 0.530208 1.40 0.63-3.09 0.009 0.669258 1.26 0.56-2.85 0.010 0.395705 1.38 0.70-2.71

P52T 1 0.054 0.037 0.024187 0.66 0.45-0.96 0.056 0.933141 1.02 0.73-1.40 0.046 0.309851 0.86 0.65-1.14
rs2110695 1 0.152 0.147 0.631294 0.95 0.77-1.17 0.162 0.568674 1.06 0.87-1.30 0.154 1.000000 1.00 0.84-1.19
rs2284722 1 0.335 0.435 0.000000° 1.55 1.33-1.81 0.352 0.247731 1.10 0.94-1.28 0.394 0.000027 1.31 1.15-1.49
rs2268458 1 0.265 0.370 0.000000° 1.66 1.41-1.95 0.285 0.155354 1.13 0.96-1.33 0.327 0.000002 1.37 1.20-1.57
rs917986 1 0.247 0.244 0.661025 0.96 0.81-1.14 0.254 0.851135 1.02 0.86-1.21 0.249 0.810276 0.98 0.85-1.13
rs2300521 1 0.249 0.346 0.000000% 1.60 1.36—1.88 0.259 0.526493 1.06 0.89-1.25 0.302 0.000119 1.31 1.14-1.51
rs2300523 2 0.232 0.300 0.000040 1.44 1.22-1.70 0.253 0.148826 1.14 0.96-1.35 0.277 0.000430 1.29 1.12-1.49
rs1005292 2 0.196 0.199 0.913369 1.01 0.84-1.22 0.204 0.664647 1.05 0.87-1.26 0.202 0.839089 1.02 0.87-1.19
rs2284734 2 0.306 0.378 0.000036 1.39 1.19-1.62 0.336 0.080559 1.15 0.99-1.35 0.357 0.000391 1.27 1.12-1.45
rs2241119 2 0.113 0.171 0.000021 1.62 1.31-2.00 0.136 0.077009 1.23 0.98-1.54 0.153 0.000123 1.44 1.20-1.73

The use of 1000000 permutations limits P-value calculations to six decimal places, P<1 x 107,

Ten associated SNPs in italics.

various international collection centres for the GD cases
(P=0.003, rs2300523). No deviations from either Hardy—
Weinberg equilibrium or homogeneity were detected
in the controls. As in Stage 1, there was no association
with ATH.

Stage 2 haplotype association results were also compar-
able to Stage 1, albeit more significant and with both
blocks showing global association with the GD phenotype
(Table 2). Analysis of the individual haplotype data
indicated that the same haplotype seen in Stage 1 was
driving both the global haplotype associations and the
majority (9/10) of single SNP associations (Table 3). How-
ever, instead of the combined haplotype across blocks 1
and 2 showing the strongest association, analysis of the Z-
scores suggested that individual haplotypes from each
block were driving the combined block association and
that the haplotype in block 1 was more associated with GD
than the haplotype in block 2. Comparison of the MAFs
and single SNP results between blocks 1 and 2 supported
this conclusion. SNPs in block 1 with minor alleles on the
associated haplotype had MAFs of greater discordance
compared to the frequency of the associated haplotype, yet
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showed stronger single SNP association. Finally, as in Stage
1, the P52T polymorphism was again the only marker to
show single SNP association to GD independent of the
associated haplotypes.

Replication study

To verify the association between the TSHR and GD
detected in the two-stage study, the SNP showing the
strongest combined single SNP association, rs2268458
(Table 4), was selected for further investigation in an
independent UK AITD cohort. Using alternative genotyp-
ing chemistry, rs2268458 was genotyped across 1366 AITD
cases and 1061 controls with a genotype call rate of 83.2%.
Replicating the previous results, 152268458 showed asso-
ciation to GD (P=2x 107%) and no association to AIH
(Table 5). Investigation into the consistency of the SNP
data between the two studies revealed no heterogeneity
(P<0.05) between either the GD cases or the controls. The
accuracy of this genotyping method was subsequently
validated using TagMan® chemistry as described above
with 100% genotyping replication.



TSHR association with Graves’ disease
BM Dechairo et al @

1229

Table 5 Replication results for rs2268458

GD AlH AITD
Allelic p 0.000002 0.935581 0.000070
MAF 0.350 0.294 0.340
OR 1.31 1.010 1.250
95% CI 1.12-1.53 0.79-1.29 1.08-1.45

NB - control MAF =0.292.

Discussion

While several studies have previously examined the TSHR
for association with AITD, they have met with limited
success and consistency, due to a focus on rare amino-acid-
altering polymorphisms in relatively small data sets.'32!
We focused on common SNPs that tagged the limited
haplotype diversity in the region, while also including
previously studied amino-acid-altering SNPs. Using this
approach, we detected highly significant associations to
GD but not AIH. P52T was the only previously associated
amino-acid-altering SNP to show a weak association to GD
in our two-stage experiment, although in the opposite
direction to the original study.'® With this discrepancy and
the other negative results,'**17-192! it would appear that
both the initial and our own PS52T associations are most
likely Type I errors. However, a protective effect of PS2T
cannot be excluded.

Only one prior AITD genetic study analysed an intronic
polymorphism of the TSHR.!” In that study, rs2239610
showed association with an Asian GD cohort. Although
this SNP was not analysed in the present study, we did type
152268458, a SNP in perfect LD (r* = 1), with rs2239610 and
this showed the strongest single SNP association with GD
in our combined data set. In our replication cohort, the
association between 152268458 and GD was confirmed,
although the odds ratio was smaller than that in our initial
study. Bias in the measurement of effect size, normally
leading to inflated risk estimates, is common in studies
detecting novel association.?® Thus, the odds ratio from
our replication study may be a better measure of the effect
of this locus on Caucasian GD susceptibility.

We adopted a staged strategy for the study of a candidate
gene region for AITD. The initial association study was
conducted in two stages to save valuable resources.
Analysis of Stage 1, Stage 2 and the combined data sets
showed minor differences in allele and genotype distribu-
tions confirming the validity of this approach. A common
failing of many genetic studies is the inadequate size of
data sets.>* This was overcome in the present study with
the establishment of an international collaboration in
which all recruiting centres worked to identical inclusion
criteria and a central laboratory was used for DNA
extraction, genotyping and data analysis. Furthermore,
the use of an independent replication cohort addressed a

number of potential limitations of the initial study. Not
only did it confirm the finding of association of the TSHR
region with GD, and lack of association with AIH, but it
validated our overall strategy and addressed possible
sampling problems that could have arisen over the use of
unrelated index cases recruited as part of a family-based
study and the potential bias of using samples from
different geographical locations with control DNA from
only the UK.

Although we have provided strong evidence for associa-
tion of the TSHR region with GD, further studies are
required to identify the primary disease-causing DNA
variants within this region. Within the associated region
spanning LD blocks 1 and 2, two other novel genes
of unknown function reside, cl4orf61 and cl4orf145.
Although these novel genes cannot be excluded as
harbouring disease-causing polymorphisms, the TSHR is
the most attractive candidate for GD susceptibility in the
region. The difference observed between GD and AIH in
both studies is, however, an important finding. GD and
AIH have similar prevalence data' showing that we had the
same power to detect association with both disease states.
The fact that the TSHR has been shown to act as the
primary autoantigen for GD? and not AIH*3! supports the
notion that polymorphism of the TSHR could be a disease-
specific locus for GD.

While further studies are required to confirm the exact
location of disease-causing polymorphism in this region,
intronic TSHR polymorphisms in LD block 1, altering the
splicing of exons coding the extracellular domain of the
protein, may play a major role in TSHR autoantibody
production. The extracellular domain of the THSR is
cleaved, forming o and f subunits. Studies have shown
that the o subunit is occasionally shed into the plasma.!
Potentially, the derivation of an alternative extracellular
domain through alternative splicing could either instigate
shedding or convert the wild-type « subunit into a potent
autoantigen, both of which may elicit the autoimmune
response.
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