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Abstract
To confirm and fine map previous reports of association, the Type I Diabetes (T1D) Genetics
Consortium (T1DGC) assembled a large collection of DNA samples from affected sib-pair (ASP)
families with T1D (5003 affected individuals) and genotyped polymorphic markers. One of these
loci, involving the IL2RA gene, had been reported to be due to three independent effects. The T1DGC
genotyped 69 single-nucleotide polymorphisms (SNPs) that span ~ 88 kb from the 5′ flanking to 3′
flanking region of the IL2RA locus. The most highly associated SNP reported earlier (ss52580101)
was not included in the genotyping list; however, a 5-SNP (rs3134883, rs3118470, rs7072793,
rs4749955 and rs12251307) haplotype (H5) was identified that strongly tagged its minor allele with
r2 = 0.869 (95% CI, 0.850–0.885). This haplotype was significantly protective (P = 3.2 × 10−5) in
the T1D ASP families, with an odds ratio virtually identical to that reported for ss52580101. The
SNP marking the second independent locus, (rs11594656) showed no association in the T1DGC set
and the third (rs2104286) could not be distinguished, by conditional regression, from H5. Instead,
the most significant independent effect was detected from the 5′ flanking IL2RA SNP rs4749955,
which remained significant after regression for H5. Thus, we confirm independent effects at the
IL2RA locus.
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Introduction
IL2RA encodes the α chain of the interleukin-2 (IL2) receptor complex, also known as CD25.
IL2 is a powerful growth factor for lymphocytes1 and IL2Rα has a key function in mediating
its effect in the form of a quaternary complex with IL2, IL2Rβ and γc.2 The expression of
IL2RA is an important marker of CD4+CD25+ regulatory T cells (Treg), known to be crucial
in maintaining immune homeostasis and inhibiting autoimmune disease.3,4

Type I diabetes (T1D) is due to T-cell-mediated autoimmune destruction of pancreatic β cells.
An association of T1D with the IL2RA locus was first reported using a multilocus genetic
association test.5 This association was replicated independently in a dataset of 949 European-
descent nuclear family trios from Canada.6 Two intronic single-nucleotide polymorphisms
(SNPs) in the 5′ region of the IL2RA gene, rs706778 and rs3118470, exhibited highly
significant association with T1D. Recently, by a large-scale fine mapping of the IL2RA region
based on a case–control sample from the UK, it was reported that the most significantly
associated SNP was ss52580101 (rs41295061); this SNP also maps to the 5′ flanking region
of IL2RA (−10 388 C/A).7 Further analysis identified an SNP (rs11594656) with an
independent effect on risk that also is located in the 5′ flanking region of IL2RA.7

To evaluate the role of polymorphisms in the IL2RA gene on T1D risk, the Type I Diabetes
Genetics Consortium (T1DGC) assembled a large collection of DNA samples from affected
sib-pair (ASP) families with T1D and genotyped polymorphic markers. In this report, we
analyze the T1DGC ASP families, and incorporate data of a CEU (Centre de l’Etude du
Polymorphisme Humain (CEPH) Utah residents with ancestry from northern and western
Europe) set of European CEPH individuals and a Canadian case–parent trio panel to provide
the haplotype information. The purpose of this study was to confirm the IL2RA association
with T1D and contribute to its fine mapping.

Results
A total of 69 SNPs in IL2RA were genotyped by the T1DGC in 2298 ASP families. The family
collection contained 11159 individuals, 5003 of whom were affected. The samples were
collected through an international effort, and most subjects were of European ancestry. The 69
SNPs spanned ~ 88 kb from the 5′ flanking to 3′ flanking region of the IL2RA gene and captured
93.7% of HapMap SNPs with minor allele frequency (MAF) ≥0.05 at r2>0.8 in the IL2RA
region, and 45% of HapMap SNPs with 0.01 ≤MAF <0.05 (Supplementary Figure 1). The
major T1D association (ss52580101) that was recently reported was not tagged by any
genotyped SNP. The second independent T1D susceptibility marker (rs11594656) was
included in the T1DGC SNPs.

To determine whether ss52580101 may be tagged by a haplotype, this SNP was genotyped in
a CEU panel of 86 European CEPH individuals used in the HapMap project and in a Canadian
case–parent trio collection from our previous mapping of IL2RA.6 Of the 69 SNPs proposed
for genotyping, 66 SNPs were successfully genotyped on the Illumina platform and 65 SNPs
were genotyped on the Sequenom platform. There were 62 SNPs genotyped by both platforms.
Of the 11159 individuals from 2298 families, 1878 (16.8%) individuals had no Illumina
genotyping data for any locus and 1799 (16.1%) individuals had no genotyping data by
Sequenom. These were treated as missing samples. As shown in Supplementary Table 1, all
SNPs genotyped by the Illumina and/or Sequenom platform had good call rates with a
minimum 94.3%.

The genotype distribution of each Illumina SNP met Hardy–Weinberg Equilibrium
assumptions; however, 8 of the 65 SNPs genotyped on the Sequenom platform had genotype
distributions that failed to meet Hardy–Weinberg Equilibrium expectations. For the 62 SNPs
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genotyped by both methods, the concordance rates were high, with the exception of rs12722486
(concordance rate of 73.1%). For this SNP, the Sequenom genotypes were not in Hardy–
Weinberg Equilibrium, suggesting that the discrepancy may be due to poor Sequenom
genotyping quality or difficulty in the calling algorithm to assign genotypes for this marker.

The T1D association with IL2RA SNPs is shown in Figure 1 (and Supplementary Table 1).
The strongest T1D association occurs in SNPs at the 5′ end of the gene and flanking region.
The linkage disequilibrium (LD) analysis of the T1D-associated SNPs is shown in
Supplementary Figure 2. The most strongly associated marker reported earlier is
ss52580101,7 but this was not genotyped in the T1DGC collection. Thus, ss52580101 was
genotyped by our group in the 86 HapMap CEU collection and in 373 Canadian family trios
to look for a tag haplotype. Five SNPs were identified (rs3134883, rs3118470, rs7072793,
rs4749955 and rs12251307) in which the haplotype G-T-T-C-A was in perfect LD with the
minor allele of ss52580101 (r2 = 1) in CEU. An expectation-maximization algorithm by the
partition/ligation method8 was used for the haplotype identification and validated by phase
reconstruction using PHASE.9 From the 120 CEU chromosomes (30 CEU pairs of parents),
all the 8 chromosomes with the minor allele of ss52580101 have the haplotype G-T-T-C-A.
Considering the rare allele frequency of ss52580101 and the relative small sample size of the
HapMap CEU samples (n = 60), a subset of Canadian family trios was further investigated by
phase reconstruction from our own genome-wide association scan data.10 By testing the LD
in 373 complete family trios of European descent, the G-T-T-C-A was confirmed to be in strong
LD with the minor allele of ss52580101 (r2 = 0.869, 95% CI 0.850–0.885).

As seen from the haplotype analysis of the T1DGC data (Table 1), the highest significance is
from the protective haplotype H5, which is in perfect LD with the minor allele of ss52580101,
and, in the Illumina genotyping data, has an estimated OR=0.699 (95% CI 0.602, 0.811). This
result is extremely close to the effect size of ss52580101 in the previous family-based study
(rapid response (RR) = 0.70 (95% CI 0.61–0.81)).7 Thus, the T1D association from ss52580101
reported earlier7 is confirmed by the T1DGC data. In contrast, the additional effect from
rs11594656 SNP7 was not replicated by the T1DGC data. Neither the Illumina nor the
Sequenom genotyping data show tendency of T1D association with this marker
(Supplementary Table 1). For the T1D association of rs11594656, OR = 0.84 as reported
earlier,7 the T1DGC has greater than 95% power to detect it at α = 0.05 level, assuming a
multiplicative effect model with MAF = 0.252. Thus, there is failure to replicate this
independent IL2RA SNP.

To search of other additional and independent IL2RA SNP effects, six T1D-associated SNPs
with P < 0.05 in both the Illumina and the Sequenom data were examined, plus the most
associated SNP (rs2104286) by the Illumina data. The haplotypes were phased using the
expectation-maximization algorithm and transmission distortion of SNPs conditioning on the
H5 haplotype was determined by the conditional extended TDT method.11 By the conditional
analysis, an additional SNP effect was identified from the IL2RA 5′ flanking region. The SNP
with greatest significance (P = 9.90 × 10−4) after regression for H5 was rs4749955 (Table 2).

Discussion
The T1DGC data confirmed a substantial and statistically significant association (OR = 0.7)
from the relatively uncommon ss52580101 SNP. This result is the same magnitude in the
T1DGC as in the earlier published7 UK family-based dataset. An additional independent effect
was observed but could not be mapped to the earlier reported IL2RA SNP, rs11594656.

A recently reported independent effect tagged by rs2104286 (the Group III SNPs)12 was not
replicated either. Significant T1D association of rs2104286 was seen in the T1DGC data but
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when conditioned on H5, it lost significance (P = 0.552). Conversely, H5 retained significance
when conditioned on rs2104286 (P = 6.14 × 10−4). For the independent effect of rs2104286,
OR = 0.86 as reported,12 the T1DGC has greater than 95% power to detect it at α = 0.05 level,
assuming a multiplicative effect model with MAF = 0.231. T1D association of rs2104286 was
seen in the T1DGC data, but the effect can be explained by the LD with H5.

The best currently known marker for the independent and additional effect of IL2RA on T1D
risk is rs4749955. The reason for the discrepancy in the second effect between the T1DGC
data and the UK data7 is unclear. Both studies were adequately powered and genotyping error
is unlikely, as rs11594656 had good call rate in both Illumina and Sequenom platforms. The
results were highly consistent in both genotyping protocols. A cohort difference in allele
frequencies or LD patterns is a possible explanation. Alternatively, population stratification in
the UK case–control data could account for the difference, as the family-based T1DGC data
are impervious to stratification. Further fine mapping in additional cohorts will be needed to
define this effect, which illustrates the complexity of mechanisms underlying susceptibility to
complex traits.

Functionally, the fine mapping of the T1D association to independent effects, all from the 5′
flanking region of IL2RA, suggests a regulatory effect. This region is also 5′ flanking to the
neighboring gene RBM17, which could be the gene involved, a question that cannot be
answered by further genetic dissection and requires functional studies.

Materials and methods
Subjects

The T1DGC collected DNA from 2298 ASP families containing 11 159 individuals (5003
affected) as part of an experiment to examine published reports of candidate gene associations
with T1D. The samples were collected through an international effort, and most subjects were
of European ancestry. Details of the samples and quality control and data collection can be
found in the report of Brown et al.,13 this volume. For the haplotype analysis of the T1DGC
data, the ss52580101 SNP was genotyped in a CEU set (86 European CEPH individuals in the
HapMap project) and in a Canadian case–parent trio collection.

Genotyping
A total of 69 IL2RA tagging SNPs were genotyped by the T1DGC ASP family collection on
two genotyping platforms (Illumina GoldenGate and Sequenom). For the haplotype analysis
of the T1DGC data, the ss52580101 SNP was genotyped in an 86 individual CEU set and in
a Canadian case–parent trio collection using the Acyclo-Prime-FP SNP Detection kit
(PerkinElmer Inc., Boston, MA, USA). For the ss52580101, the call rate was 100% and
Mendelian error rate was 0.1%. In the Canadian family trios, the phase reconstruction was
based on our own genome-wide association scan data10 that was generated using the Illumina
Infinium II HumanHap550 BeadChip technology (Illumina, Inc., San Diego, CA, USA).

Statistical analysis
Of the 11159 individuals from 2298 families, 1878 (16.8%) individuals had no Illumina
genotyping data for any locus and 1799 (16.1%) individuals had no genotyping data by
Sequenom. These were treated as missing samples and were not taken into account for the
genotyping quality assessment and analyses of data from each platform. The overlap of missing
data in the two platforms was 1477 samples. There were 34 non-Caucasian families (162
individuals) in the T1DGC collection; these were not included in the haplotype analysis.
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T1D association was tested by the Family Based Association Test (FBAT)
(http://www.biostat.harvard.edu/~fbat/fbat.htm).14 For haplotype identification, an
expectation-maximization algorithm by the partition/ligation method8 was used, as
implemented in the Haploview software (www.broad.mit.edu/personal/jcbarret/haploview).
The results were validated using the PHASE program9

(http://stephenslab.uchicago.edu/software.html) by the method of phase reconstruction. To
search of other additional and independent IL2RA SNP effects, haplotypes were phased using
the expectation-maximization algorithm implemented in the PLINK software
(http://pngu.mgh.harvard.edu/~purcell/plink/index.shtml). Transmission distortion of these
SNPs conditioning on the H5 haplotype was investigated by the conditional extended TDT
method,11 implemented in the UNPHASED software package
(http://www.mrc-bsu.cam.ac.uk/personal/frank/software/unphased/).15

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
The 69 IL2RA SNPs for the T1D association assay. The five SNPs tagging the T1D-associated
haplotype are red underlined. The peak of T1D association is from the 5′ end of the gene and
flanking region.
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Table 2

Transmission of the T1D-associated SNPs conditioning on the H5 haplotype

SNP MAF T1D association P P value conditional on
the H5 haplotype

rs706778 0.439 (T) 0.046 0.728

rs2104286 0.231 (C) 6.56 × 10−4 0.552

rs3134883 0.322 (A) 0.014 4.29 × 10−3

rs3118470 0.342 (C) 4.43 × 10−3 3.37 × 10−3

rs7072793 0.443 (C) 0.043 3.93 × 10−3

rs4749955 0.426 (C) 1.10 × 10−3 9.90 × 10−4

rs12251307 0.099 (A) 1.64 × 10−3 1.35 × 10−3

Abbreviations: MAF, minor allele frequency; SNP, single-nucleotide polymorphism; T1D, type I diabetes.

Results are based on the Illumina genotyping data. The conditioning analysis was done using the conditional extended TDT method,11 implemented

in the UNPHASED software package (http://www.mrc-bsu.cam.ac.uk/personal/frank/software/unphased/).13 As shown by the conditioning analysis,
five SNPs remain significant after conditioning on the H5 haplotype.
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