
Association analysis of SNPs in the IL4R locus with type I diabetes

HA Erlich1,2, K Lohman3, SJ Mack2, AM Valdes4, C Julier5, D Mirel6, JA Noble2, GE
Morahan7, and SS Rich8 for the Type I Diabetes Genetics Consortium
1Department of Human Genetics, Discovery Research, Roche Molecular Systems Inc., Pleasanton,
CA, USA
2Children’s Hospital Oakland Research Institute, Oakland, CA, USA
3Division of Public Health Sciences, Wake Forest University School of Medicine, Winston-Salem,
NC, USA
4Kings College London School of Medicine, Twin Research Unit, London, UK
5Inserm U730, Centre National de Génotypage, Evry, France
6The Broad Institute, Center for Genotyping and Analysis, Broad Institute of MIT & Harvard,
Cambridge, MA, USA
7Centre for Diabetes Research, The Western Australian Institute for Medical Research, and Centre
for Medical Research, University of Western Australia, Perth, WA, Australia
8Center for Public Health Genomics, University of Virginia, Charlottesville, VA, USA

Abstract
The Type I Diabetes Genetics Consortium (T1DGC) has collected thousands of multiplex and
simplex families with type I diabetes (T1D) with the goal of identifying genes involved in T1D
susceptibility. These families have all been genotyped for the HLA class I and class II loci and a
subset of samples has been typed for an major histocompatibility complex (MHC) single-nucleotide
polymorphism (SNP) panel. In addition, the T1DGC has genotyped SNPs in candidate genes to
evaluate earlier reported T1D associations. Individual SNPs and SNP haplotypes in IL4R, which
encodes the α-chain of the IL4 and IL13 receptors, have been associated with T1D in some reports,
but not in others. In this study, 38 SNPs in IL4R were genotyped using the Sequenom iPLEX Gold
MassARRAY technology in 2042 multiplex families from nine cohorts. Association analyses
(transmission-disequilibrium test and parental-disequilibrium test) were performed on individual
SNPs and on three-SNP haplotypes. Analyses were also stratified on the high-risk HLA DR3/DR4-
DQB1*0302 genotype. A modest T1D association in HBDI families (n = 282) was confirmed in this
larger collection of HBDI families (n = 424). The variant alleles at the non-synonymous SNPs
(rs1805011 (E400A), rs1805012 (C431R), and rs1801275 (Q576R)), which are in strong linkage
disequilibrium, were negatively associated with T1D risk. These SNPs were more associated with
T1D among non-DR3/DR4-DQB1*0302 genotypes than DR3/DR4-DQB1*0302 genotypes. This
association was stronger, both in terms of odds ratio and P-values, than the initial report of the smaller
collection of HBDI families. However, the IL4R SNPs and the three-SNP haplotype containing the
variant alleles were not associated with T1D in the total data. Thus, in the overall families, these
results do not show evidence for an association of SNPs in IL4R with T1D.
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Introduction
Type I diabetes (T1D), an autoimmune disease involving destruction of the insulin-producing
cells of the pancreas, has a significant genetic component (λs = 15).1 On the basis of linkage
and association analyses, the strongest contribution (40–50%) comes from the HLA region.2,
3 Although alleles at the HLA-DR and -DQ-encoding loci are the major determinants of genetic
risk for T1D,4,5 association studies have revealed that multiple genes within the HLA region
contribute to T1D risk.6–12 In addition, many T1D susceptibility regions and genes outside
the HLA region have been identified by linkage and by associations analyses.13–15 Of the
genes identified by association, some have been detected by hypothesis-free genome-wide
approaches,15 whereas others have been identified in candidate gene studies, on the basis of
biological plausibility of the gene and/or of the specific polymorphism. Many of the candidate
gene studies investigated a limited number of single-nucleotide polymorphisms (SNPs) and
samples and, consequently, had very modest statistical power. The results of many of the
reported candidate genes studies of T1D association are discordant. To address the issue of
limited statistical power in the published candidate gene-association studies, the Type I
Diabetes Genetics Consortium (T1DGC), an international collaboration that has collected
thousands of multiplex and simplex T1D families,16 has performed genotyping and association
analysis of multiple SNPs in 21 T1D candidate genes.

One of the 21 candidate genes studied in the Rapid Response Project is IL4R, which encodes
the α-chain of the IL4 and IL13 receptors. Polymorphisms in IL4R have been reported to be
associated with allergy and asthma17 and cervical cancer,18 as well as with T1D;19,20 several
IL4R non-synonymous SNPs have been associated with differences in signaling.21 A study of
the multiplex HBDI families (n = 282) investigated eight SNPs in IL4R and, on the basis
transmission–disequilibrium test (TDT) analysis, reported a modest protective effect of the
variant allele at several tightly linked non-synonymous SNPs.19 SNP rs1805015 (S503P) was
the only individual SNP that exhibited nominal significance in this small study. This
significance emerged only after stratification on families in which neither affected sib had the
high-risk DR3/DR4-DQB1*0302 genotype. The percent transmission for the 503P variant
allele was 44.6% (P = 0.06) for all families. In contrast, transmission of the 503P allele was
47.8% (P = 0.61) in families with a DR3/DR4-DQB1*0302-affected child and 42% (P = 0.03)
in families in which neither affected sib had DR3/DR4-DQB1*0302. TDT analysis of an eight-
SNP haplotype that included the variant alleles at rs1805011 (E400A), rs2234898 (L414L),
rs1805012 (C431R), rs1805015 (S503P), and rs1801275 (Q576R) head a 33% transmission
and an odds ratio (OR) of 0.49 (95% confidence interval (CI) = 0.28–0.81).

A small study of Filipino T1D cases and controls also reported an association of IL4R SNPs
with T1D.20 The association analysis in this study was performed without stratification on the
DR3/DR4-DQB1*0302 genotype because this high-risk genotype is very rare in the Filipino
population. Consistent with the earlier results,19 this study reported a modest protective effect
of a seven-SNP haplotype that included the same five variant alleles (400A 414L 431R, 503P,
and 576R) (OR = 0.4; 95% CI = 0.2–0.8; P = 0.005). Four of the five SNPs are non-
synonymous.

Two studies, one in Caucasian multiplex families and one in Filipino cases and controls,
suggested that the variant alleles at a series of linked SNPs in IL4R were associated with
protection from T1D. Small sample sizes and multiple testing, however, limited statistical
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power. An earlier report found no association with IL4R (only rs1801275 and Q576R were
genotyped).22 More recently, a much larger study consisting of 3475 T1D families, including
1244 Finnish families, genotyped eight IL4R SNPs and found no significant evidence for
association with T1D.23 Subsequent to this report, another large study examined the IL4R SNPs
and T1D in large family and case/control datasets and earlier published data and found no
single-SNP association with T1D.24

In addition to the analysis of IL4R SNPs, the study of Filipino T1D cases and controls also
investigated the possible association of SNPs in IL4 and IL13, genes that encode the ligands
of the IL4 receptor, and possible gene–gene interaction between SNPs in these genes and SNPs
in IL4R. On the basis of the earlier small case–control data, risk for T1D might be determined
by specific combinations of genotypes at IL4R, IL4, and IL13. However, the large study found
no evidence for association or interaction between SNPs in IL4R, IL4, and IL13.24

The T1DGC carried out SNP genotyping on 38 SNPs in IL4R, 10 SNPs in IL4, and 5 SNPs in
IL13 on a collection of 2042 multiplex families from nine different populations. The data were
subjected to TDT and parental TDT (PDT) analyses. An association analysis of the T1DGC
genotyping data for 19 candidate genes, including the IL4R, IL4, and IL13, found no evidence
of association for any of the SNPs in these three genes in the overall dataset.25 Here, we present
association analyses on the results from the individual cohorts in the IL4R T1DGC dataset.

Results
A panel of 38 SNPs in IL4R was genotyped using the Sequenom iPLEX platform on the nine
cohorts (multiplex family collections from nine geographic locations) listed in Table 1. IL4R
SNPs, their positions, and minor allele frequencies are shown in Table 2. Although 38 tagging
SNPs in IL4R were attempted for genotyping in this study, two of the SNPS for which T1D
associations were reported earlier, rs2234898 (L414L) and rs1805015 (S503P),19 were not
genotyped. The association analyses were performed using the TDT and PDT methods that
used meiotic transmissions to each affected sib compared with expectation under the hypothesis
of ‘no association’. In addition, the analyses were stratified on the high-risk DR3/DR4-
DQB1*0302 haplotype.

The patterns of LD among 38 IL4R SNPs are shown in Figure 1. None of the individual SNPs
showed a statistically significant association with T1D in the overall dataset. All the IL4R SNPs
that exhibited a nominally significant (<0.05) association with T1D by either TDT or PDT
analysis in one or more of the different cohorts (before or after stratification) are shown in
Table 3. No consistent pattern of association with T1D was observed across all cohorts.

A pattern of association consistent with the initial reports of T1D association was observed,
however, in the HBDI cohort (Table 4).19,20 The variant alleles for IL4R SNP rs1805011
(400A), rs1805012 (431R), and rs1801275 (576R) (a series of three linked non-synonymous
SNPs) are associated with a reduced risk for T1D in the HBDI families, both in the absence of
stratification and in those families with no DR3/DR4-DQB1*0302-affected siblings (Table 4).
SNP rs1805011 (E400A) shows the strongest effect with a relative risk (RR) of 0.72 (95% CI
= 0.57–0.9, P = 0.0034) in all HBDI families and an RR = 0.68 (0.51–0.92, P = 0.010) in the
subset of families with no DR3-DR4-DQB1*0302-affected sibs.

The results of the analysis of three-marker haplotypes are provided in Table 5. A three-marker
haplotype (consisting of the variant allele at rs1805011, rs1805012, and rs1801275) has a
transmission of 41%, with an RR of 0.71, an OR of 0.54 (0.39–0.74), and a marginally
significant TDT (P = 0.043) for this haplotype. The transmissions to each affected child in
these multiplex families were all analyzed, so that the dataset is equivalent to 540 trio families
with a DR3/DR4-DQB1*0302 and 342 trio families without a DR3/DR4-DQB1*0302-affected
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child. This is in contrast to the initial study of 242 HBDI families in which transmission only
to the proband was evaluated.19 In addition, SNP rs3024537 also exhibited a modest protective
effect in all HBDI families (RR = 0.79; 0.65–0.95) as well as in those without DR3/DR4-
DQB1*0302 (RR = 0.77; CI 0.60–0.99) (Table 4). This SNP also was nominally protective in
the North American and Asia-Pacific cohorts, but seemed to be positively associated with T1D
in the Joslin cohort, although the sample size for this latter cohort was very small.

The strength of significance for the association of three-SNP haplotypes with T1D in the
individual cohorts as well as the overall dataset is shown in Figure 2a–c. In the HBDI families,
all three-SNP haplotypes containing the rs1805011 400A variant are associated with T1D in
the unstratified analysis (Figure 2a); the haplotype with 400A as the middle SNP is also
associated in the families without DR3/DR4-DQB1*0302 (Figure 2c). In the total data,
haplotypes including the first three SNPs (rs2057768, rs2107356, and rs6498012) were
associated in the unstratified data and in families with DR3/DR4-DQB1*0302. In these data,
haplotypes with rs1805010 (I75V), rs2239347, rs3116578, and rs3024613 (all intronic) and
rs4787426 and rs6498015 were associated in the unstratified data. Haplotypes with SNP
rs4787426, rs12445135, rs4787427, rs7191188, and rs6498016 were also associated in the
families with DR3/DR-DQB1*0302.

Discussion
Many published association studies of candidate gene polymorphisms examine only a few
SNPs per gene and have relatively small sample sizes, resulting in limited statistical power to
identify disease-associated alleles. Consequently, reports of association for candidate genes
with T1D are often discordant. The extensive set of multiplex families, collected by the
T1DGC, has enabled replication analyses of a variety of reported associations (the T1DGC
Rapid Response Project). Although the association of three linked SNPs in IL4R observed in
this large set of HBDI families was nominally significant and consistent with the initial reports
in a subset of HBDI families and a small case/control study among Filipinos, no evidence for
association of any individual SNPs was seen in the overall dataset.

The simplest interpretation of the lack of association of any of the individual IL4R SNPs in the
overall data is that the earlier reported associations,19,20 as well as the nominally significant
observations within the HBDI cohort, are spurious and simply reflect false positive results
(type I error). It may be premature, however, to definitively exclude IL4R as a T1D candidate
gene. The HBDI families represent the largest individual cohort in the T1DGC dataset and the
protective association of the three linked non-synonymous SNPs observed, after stratification,
in the families without DR3/DR4-DQB1*0302 replicate earlier findings.19 The set of HBDI
families in the T1DGC collection include those studied in the initial report;19 however, two
meiotic transmissions, rather than one transmission per family, were analyzed in this larger
T1DGC HBDI family collection. As a result, the association of IL4R SNPs with T1D became
more significant with this expanded dataset. The question remains why IL4R SNPs seem to be
associated in the HBDI cohort, but not in the overall dataset. It is conceivable that heterogeneity
among these cohorts, in terms of environmental triggers or interacting genetic effects or linkage
disequilibrium patterns, could account for these differences. Some three-SNP haplotypes show
nominally significant association in the overall dataset, although, unlike rs180511 and flanking
SNPs, there is no prior hypothesis associated with them. In conclusion, this large study of
IL4R SNPs provides no clear and consistent evidence of T1D association, but the complex
pattern of data suggests that some SNPs should not be definitively excluded as T1D-associated
polymorphisms.
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Materials and methods
Study population

The T1DGC has created a resource base of well-characterized families from multiple ethnic
groups to characterization of T1D susceptibility genes (http://www.t1dgc.org). Genotyping for
the Rapid Response project was performed on 2295 families in nine cohorts. The families
selected for these analyses consisted mainly of nuclear families with an affected sib pair. This
study reports the results for the IL4R gene in 9251 individuals, including 5580 children (4445
(80%) affected, 840 (15%) unaffected, and 295 (5%) unknown status) and 3671 parents (157
(4%) affected, 2576 (70%) unaffected, and 938 (26%) unknown status). The majority of the
subjects were Caucasian (81%) with 18% unknown ethnicity and 1% other (Asian, African
American, and Pacific Islander).

Genotyping
SNP genotyping was performed by the Broad Institute Center for Genotyping and Analysis
(http://www.broad.mit.edu/gen_analysis/genotyping/). Aliquots of the T1DGC source 96-well
plates were adjusted to 5–10 ng ml−1 in water in new 96-well plates. The iPLEX Gold chemistry
of Sequenom’s MassARRAY platform (San Diego, CA, USA) was used for genotyping of all
SNPs as part of the larger set of T1DGC Rapid Response Project. Sequenom’s SpectroDesigner
software was used for SNP assay design, and SpectroTyper 4.0 was used to call genotypes
automatically, followed by manual review.

Statistical genetic analysis
A TDT26 was performed on each of the markers as implemented in Haploview software
(version 4.1).27 The transmission proportions were used to compute ORs and 95% CIs as
described.28 The PDT method, as implemented in Haploview 4.1, was also used as a family
based test of genetic association.29 This method incorporates parental phenotypes and,
specifically, the parental genotype–phenotype correlation terms. The model is based on the
between-within-sibship-association model using a liability-threshold-model approach. The
incorporation of parental phenotypes can considerably increase power, as compared with the
standard TDT and equivalent quantitative tests, whereas providing both significant protection
against stratification and a means of evaluating the contribution of stratification to positive
results. This methodology enables the extraction of more information from existing family
based collections that are currently being genotyped and analyzed by use of standard
approaches.

For pedigrees, full DRB1-DQB1 typing was available.4 T1D patients were stratified into those
carrying DR3/DR4, defined here as carrying one DRB1*0301-DQB1*0201 haplotype and one
DRB1*0401/02/04/05/08-DQB1*0302/04 or DQB1*0201 haplotype. All other participants
were categorized as non-DR3/DR4.
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Figure 1.
Linkage disequilibrium (R2) values between all SNPs across all cohorts.

Erlich et al. Page 8

Genes Immun. Author manuscript; available in PMC 2010 January 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
TDT significance in IL4R three-SNP haplotypes: (a) TDT significance in three locus
haplotypes, no stratification; (b) TDT significance in three locus haplotypes with DR3/DR4-
DQB1*0302; and (c) TDT significance in three locus haplotypes without DR3/DR4-
DQB1*0302.
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