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Abstract

The Type | Diabetes Genetics Consortium genotyped 24 single-nucleotide polymorphisms (SNPs)
inthe CTLA4 locus in 2298 type I diabetes (T1D) nuclear families (11 159 individuals, 5003 affected)
to evaluate the recognized T1D association. The 24 CTLA4 SNPs span ~43 kb from the 5’ flanking
to 3’ flanking region of the gene in the middle of an extended region of linkage disequilibrium of
more than 100 kb. The genotyping was performed using two technologies (Illumina GoldenGate and
Sequenom iPlex) on the same samples. The genotype calls by both the methods were highly consistent
(the majority >99%). Previously reported T1D association from both the +49G>A and the CT60
SNPs was replicated. The reported association of the —319C>T SNP was not replicated. Although
associated with T1D risk, it is likely that neither SNP is causative, as the peak of T1D association
was from the SNP rs231727 at 3’ flanking of the CTLA4 gene. Comprehensive resequencing and
fine mapping of the CTLAA4 region are still needed to clarify the causal variants.
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Introduction

The CTLA4 gene at Chr2g33 encodes cytotoxic T-lymphocyte-associated protein 4 (CTLA-4).
Activation of T lymphocytes by the T cell receptor (TCR) complex after antigen recognition
requires co-stimulation by CD28.1 CTLA-4 transmits inhibitory signals to attenuate T-cell
activation by competing for the B7 ligands with its homologue CD28.2:3 In addition, CTLA-4
can inhibit TCR signaling by direct interaction with the TCR complex,4 acting as an
intracellular phophatase. Blocking CTLA-4 by anti-CTLA-4 mAb can increase IL-2 mRNA
expression and 1L-2 secretion,® and promote T-cell proliferation.®® Therefore, genetic
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variations impacting on the function of the CTLA4 gene might participate in genetic
susceptibility to autoimmune diseases by modifying the inhibitory effect on T-cell activity.

Therole of CTLA4 in the genetics of type | diabetes (T1D) was first identified by the association
of an A-G transition at position 49 (+49G>A, rs231775) in European populations.’” The
+49G>A single-nucleotide polymorphism (SNP) encodes an Ala/Thr substitution in the signal
peptide. Subsequently, this T1D association was replicated in other populations.8712 In
addition to T1D, CTLA4 variants are associated with rheumatoid arthritis, 13 systemic lupus
erythematosus,* Graves’ disease and autoimmune thyroiditis.1®> Subsequent fine mapping of
the CTLA4 gene region has rejected +49G>A as the only causal SNP of T1D susceptibility,
whereas stronger association was identified with rs3087243 (CT60), an SNP at the 3’ flanking
region of CTLA4.1> A combined effect on T1D risk from both CT60 and the 5’ CTLA4 region
could not be excluded.1> As of the relative small effect size of the CTLA4 association with
T1D, this combined effect has not been replicated.

To evaluate the effect of CTLA4 variants in a large collection of affected sib-pair families, the
Type | Diabetes Genetics Consortium (T1DGC) genotyped 24 CTLA4 SNPs in 2298 T1D
nuclear families (11 159 individuals). This manuscript reports on the analyses of the CTLA4
SNPs with T1D risk.

A set of 24 SNPs selected in the CTLA4 gene region was genotyped by the Illumina GoldenGate
technology; of these 22 CTLA4 SNPs were successfully genotyped by the Sequenom iPLEX
technology. As shown in Table 1, both methods have good call rates with a minimum of 97.7%.
The genotype distribution of each SNP call is in Hardy—Weinberg Equilibrium. For the 22
SNPs genotyped by both methods, the concordance rates are high except for the last SNP
rs6748358, ~18 kb downstream of 3’ flanking of the CLTA4 gene. The results of analysis for
association with T1D are shown in Table 2. Both genotyping methods have consistent T1D
association results (Supplementary Figure 1). The SNPs with the strongest association with
T1D association are rs1427676 and rs231727. These two SNPs are in tight linkage
disequilibrium (LD) (r2=0.988).

Conditional logistic regression was used to determine whether the effect of an SNP could have
been due to LD with the most strongly associated SNP. Conversely, the analyses were
performed to determine whether other SNPs adds to that effect of the most associated SNP.
Conditional analysis suggested stronger association with rs231727 than rs1427676
(conditional P=0.031 by the lllumina assay, and conditional P=0.023 by the Sequenom assay).
A rare third haplotype (haplotype frequency=0.003) with the predisposing G allele of
rs1427676 and the protective G allele of rs231727 was under-transmitted (transmission
ratio=11/22, P=0.056). All the other T1D-associated SNPs have high LD rs231727 with
r2>0.299 (Supplementary Figure 2) with the exception of SNP rs11571290.

The three tag SNPs of +49G>A (rs926169, rs231770 and rs231779) are in moderate LD with
rs231727 (r? of 0.658, 0.725 and 0.804, with rs231727, respectively). CT60 is in low LD with
rs231727 (r2=0.383). The three tag SNPs of +49G>A (rs926169, rs231770 and rs231779) also
has low LD with CT60 (r2 of 0.370, 0.392 and 0.476, respectively). As shown by conditional
logistic regression analysis, only the analysis of rs11571290 contributes (with borderline
significance) to the major effect on T1D risk from rs231727 (P=0.046 by the Illumina assay
and P=0.082 by the Sequenom assay).

Toexplore the interaction of rs11571290 and rs231727, the haplotype-specific effect was tested
by the logistic regression analysis of transmission of the haplotypes. This analysis found no
haplotype-specific effect (P=0.876) that suggests rs11571290 and rs231727 are acting

Genes Immun. Author manuscript; available in PMC 2010 January 12.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Quetal. Page 3
multiplicatively. Other than rs11571290, no other SNP contributed significantly to T1D risk
within the CTLA4 locus (Table 2).
Discussion

The CTLA4 SNP rs11571290 is the result of a G—A mutation. The G allele is the ancestral
allele, as shown by human-chimpanzee alignment. The variant A allele (minor allele frequency
(MAF)=0.042) is T1D protective. The borderline significance of the extra effect from
rs11571290 SNP does not withstand correction for the multiple hypotheses tested.

To address the issue of borderline significance and absence of a replication sample, we used
our own genome-wide association scan data of 997 T1D cases and 2027 controls.16 As shown
by our data, rs231726 was associated (P=1.7x10~3) with T1D with OR=1.21 (95% CI 1.07,
1.36). The genotypes of rs11571290 were imputed with high (95.3%) probability of the
imputation matching empirical genotyping for rs11571290. No significant T1D (P=0.82)
association was detected from the imputed genotypes of rs11571290, OR=1.04 (95% ClI
0.75,1.44). Thus, these data do not support rs11571290 as an independent minor effect on risk.
However, the power to detect the association of rs11571290 at a=0.05 level is only 33-41%,
as determined by the sample size of our genome-wide association scan study. The peak of
CTLA4 association with T1D is in the ~43 kb region around SNP rs231727 at ~2.8 kb
downstream of 3’ region flanking CTLA4. The rare SNP rs11571290 with a protective minor
allele may represent a minor independent genetic effect, but fails to achieve statistical
significance.

Currently, change of gene expression at the mRNA alternative splicing level® and post-
translational modification levell” has been suggested as possible mechanisms of CTLA4 risk
to T1D. The consequent effect of CTLA4 expression change on T-cell proliferation has been
observed with contradictory results.5:® Therefore, the mechanism of genetic variation(s) on
the gene function still needs further study. Such mechanistic studies will be more meaningful
if guided by knowledge of the causal polymorphism, which may be anywhere in the ~124 kb
LD block that encompasses CTLA4 and ICOS (Supplementary Figure 3). At this point, both
CTLA4 and ICOS have not been comprehensively re-sequenced. Therefore, the conclusions
of this TIDGC study are preliminary and an effect from an unknown or ungenotyped
polymorphism cannot be excluded.

Materials and methods

Samples

Description of the samples and quality control procedures are found elsewhere in this volume
(Brown et al.18). Briefly, there were 11159 individuals from 2298 families (5003 affected)
genotyped. A total of 1477 individuals had missing genotypes in CTLAA4 for either platform.
In addition, 322 individuals had only genotypes from Illumina, and 401 individuals had only
genotypes from Sequenom. This sample performance appears similar to that of other genes in
the TIDGC Rapid Response project. Thus, these missing genotypes are considered unrelated
to assay quality and reflect availability of samples. These missing samples were not taken into
account for the genotyping quality assessment of each platform.

In an effort to provide additional replication data to that of the TLDGC-affected sib-pair
families, an independent cohort from our own genome-wide association scan data of 997 T1D
cases and 2027 controls was included.® The Research Ethics Board of the Montreal Children’s
Hospital, the Research Ethics Board of the Children’s Hospital of Philadelphia and other
participating centers approved the study, and written informed consent was obtained from all
subjects.
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The 24 SNPs span ~43 kb from the 5’ flanking to 3’ flanking region of the CTLA4 gene.
According to the HapMap Public Release #21a in January 2007 (http://www.hapmap.org), the
24 SNPs captured all HapMap SNPs with MAF>0.01 at r2=1 in this region (Supplementary
Figure 4). CT60 was included in these 24 SNPs and, although +49G>A was not included, three
SNPs genotyped by the TIDGC (rs926169, rs231770 and rs231779) have r?=1 with +49G>A,
as shown by the European HapMap data. Genotyping in the separate replication population
was performed using the Illumina Infiniumll HumanHap550 BeadChip technology (Illumina,
San Diego, CA, USA).

Statistical methods

Conditional logistic regression was used to determine the effect of an SNP because of LD to
the most strongly associated SNP or, conversely, whether SNPs add to that effect. The analysis
was performed using the conditional extended transmission disequilibrium test (TDT)
method?® using UNPHASED
(http://www.mrcbsu.cam.ac.uk/personal/frank/software/unphased/).20 The conditional
extended TDT method is based on the haplotype transmission test. If there is an effect at a
second marker conditional on the first marker in case—parent trios, a significant difference in
transmission of haplotypes identical at the first marker but different at the second marker locus
will be identified.1® To explore the interaction between SNPs, a haplotype-specific effect was
tested by the logistic regression analysis of transmission of the haplotypes. The expectation-
maximization algorithm by the partition/ligation method?! using Haploview software
(www.broad.mit.edu/personal/jcbarret/haploview) was used for the haplotype phase
estimation.

In the separate replication sample, principal components analysis was used to identify outliers.
Using the EIGENSOFT version 2.0 software,22:23 67 cases and 130 controls were removed.
Imputation was performed using MACH1.0
(http://www.sph.umich.edu/csg/abecasis/MaCH/index.html), available from the HapMap
website with the European HapMap data as reference (http://www.hapmap.org/).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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