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SUMMARY

Apart from genes in the HLA complex (IDDM1) and the variable number of tandem repeats in the 50

region of the insulin gene (INSVNTR, IDDM2), several other loci have been proposed to contribute to
IDDM susceptibility. Recently, linkage and association have been shown between the cytotoxic T
lymphocyte-associated protein 4 (CTLA-4) gene on chromosome 2q and IDDM. In a registry-based
group of 525 recent-onset IDDM patients< 40 years old we investigated the possible interactions of a
CTLA-4gene A-to-G transition polymorphism with age at clinical disease onset and with the presence or
absence of established genetic (HLA-DQ, INS VNTR) and immune disease markers (autoantibodies
against islet cell cytoplasm (ICA); insulin (IAA); glutamate decarboxylase (GAD65-Ab); IA-2 protein
tyrosine phosphatase (IA-2-Ab)) determined within the first week of insulin treatment. In new-onset
IDDM patients, G-allele-containingCTLA-4 genotypes (relative risk (RR)¼ 1.5; 95% confidence
interval (CI)¼ 1.2–2.0; P<0.005) were not preferentially associated with age at clinical presentation
or with the presence of other genetic (HLA-DR3or DR4alleles;HLA-DQA1*0301-DQB1*0302and/or
DQA1*0501-DQB1*0201risk haplotypes;INSVNTR I/I risk genotype) or immune (ICA, IAA, IA-2-
Ab, GAD65-Ab) markers of diabetes. For 151 patients, thyrogastric autoantibodies (anti-thyroid
peroxidase, anti-thyroid-stimulating hormone (TSH) receptor, anti-parietal cell, anti-intrinsic factor)
were determined, but association betweenCTLA-4 risk genotypes and markers of polyendocrine
autoimmunity could not be demonstrated before or after stratification forHLA- or INS-linked risk. In
conclusion, the presence of a G-containingCTLA-4genotype confers a moderate but significant RR for
IDDM that is independent of age and genetic or immune disease markers.
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INTRODUCTION

Both multigenic predisposition and environmental factors are
important in the pathogenesis of IDDM. The major genetic locus
(IDDM1) is situated in the HLA class II region on chromosome
6p21, and a second locus (IDDM2) is identified as the polymorphic
variable number of tandem repeats in the 50 flanking region of the
insulin gene (INSVNTR) on chromosome 11p15. Whole-genome
searches have identified at least 15 additional chromosomal
regions with putative linkage to IDDM [1,2]. So far only a minority
of these candidate regions have been confirmed as true suscept-
ibility loci in independent linkage and/or association studies [3].
Recently, linkage to and/or association with IDDM of an A-to-G
transition polymorphism at position 49 in the first exon of the
CTLA-4 gene on chromosome 2q33 (designatedIDDM12) have
been shown in data sets from several countries, including Italy,
Spain, Belgium and Germany, but not in others [4,5]. CTLA-4 is
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involved in the B7 costimulatory pathway and is a candidate gene
for T cell-mediated autoimmune disease because it is a powerful
negative regulator of T cell proliferation and immune responses
[6–11], possibly acting through inhibition of CD28-dependent IL-
2 production [11].

The aim of the present study was to investigate the possible
interactions of thisCTLA-4 marker with age at clinical IDDM
onset, with other genetic markers such asIDDM1 andIDDM2 and,
finally, with immune disease markers including islet autoanti-
bodies and markers of polyendocrinopathy. Such investigation is
warranted in view of the reported age-dependent clinical and
biological heterogeneity of IDDM. For instance, the high-risk
HLA genotype DQA1*0301-DQB1*0302/DQA1*0501-
DQB1*0201is associated with younger age at IDDM onset [12–
15]. Moreover, autoantibodies against conformational epitopes of
islet cell cytoplasm (ICA), insulin (IAA), the 65-kD isoform of
glutamic acid decarboxylase (GAD65-Ab) or the transmembrane
protein tyrosine phosphatase IA-2 (IA-2-Ab) occur preferentially
in IDDM patients or their siblings carrying certain combinations of
HLA-DQ and INS VNTR risk alleles [15–25]. The reported
association of theCTLA-4 G allele with other autoimmune dis-
orders such as Graves’ disease [4,5,26] prompted us also to test the
association ofCTLA-4genotypes with thyrogastric autoantibodies
as markers of polyendocrine autoimmunity in a subgroup of
patients.

SUBJECTS AND METHODS

Patients and control subjects
Caucasian IDDM patients under 40 years old (n¼ 525) were
consecutively recruited by the Belgian Diabetes Registry at clinical
disease onset, and blood was sampled before or within 7 days of
insulin treatment. In agreement with previous observations [15,27],
the male/female (M/F) ratio was 1.0 in the age group 0–19 years
and 1.4 in the age group 20–39 years. The mean age (6 s.d.) of the
525 patients was 206 10 years. IDDM was diagnosed according to

the National Diabetes Data Group [28]. The control group com-
prised 530 healthy subjects who were recruited among blood
donors, seemingly healthy (para)medical personnel, and children
with minor local traumata attending emergency departments. The
age range was 0–39 years (mean age6 s.d. 206 11 years; median
age 22 years) with a M/F ratio of 1.1. Ethical approval was
obtained from the Ethical Committees of the universities partici-
pating in the Belgian Diabetes Registry.

Genotyping
HLA-DQA1, -DQB1polymorphisms and theINS VNTR were
analysed as described previously [27,29]. In 209 control subjects,
the insulin gene polymorphism at position –23 from the transcrip-
tion initiation site was determined byHphI digestion of polymerase
chain reaction (PCR) products as described [30]. In agreement with
published data [31], theþ allele of theHphI polymorphism is in
complete linkage disequilibrium with the class I VNTR alleles in
our hands (B. J van der Auwera; unpublished results for 40
subjects). TheCTLA-4exon 1 position 49 A-to-G polymorphism
was typed using standard PCR allele dot-blot hybridization and
detection was performed as described [4]. This transition poly-
morphism has been shown to be in linkage disequilibrium with the
microsatellite marker located in the 30 untranslated region of the
CTLA-4 gene [26,32]. HLA-DR3 and DR4 phenotypes were
derived from known linkage disequilibria withHLA-DQA1*-
DQB1* haplotypes in the Belgian population (DR3 with 0501–
0201 and DR4 with 0301–0301and 0301–0302[33]). The pre-
valence ofCTLA-4genotypes was previously determined in both
subject groups [4]. We have now completedHLA-DQ and INS
VNTR genotyping on the patient groups. The results for the
different genetic markers are summarized in Table 1 and are in
agreement with previous results on other patient groups [14,15].

Autoantibody assays
IA-2-Ab, IAA and GAD65-Ab were determined by liquid phase
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Table 1. Prevalence of genetic markers in IDDM patients and control subjects

Control subjects
Genetic marker Patients (n¼ 525) (n¼ 530) RR (95% CI) P

CTLA-4
AG or GG 344 (66) 294 (55) 1.5 (1.2–2.0) <0.005
AA 181 (34) 236 (45) 0.1 (0.1–0.2) <0.005

HLA-DR phenotypes
DR4-positive 318 (61) 106 (20) 6.1 (4.6–8.2) <10–6

DR3-positive 295 (56) 131 (25) 3.9 (3.0–5.1) <10–6

HLA-DQA1*-DQB1*
(DR4)-0301–0302/(DR3)-0501–0201 147 (28) 4 (1) 51.1 (19.2–191.4) <10–6

(DR4)-0301–0302/non(DR3)-0501–0201 151 (29) 64 (12) 2.9 (2.1– 4.1) <10–6

non(DR4)-0301–0302/(DR3)-0501–0201 148 (28) 127 (24) 1.3 (0.9–1.6) 0.13
non(DR4)-0301–0302/non(DR3)-0501–0201 79 (15) 335 (63) 0.1 (0.08–0.14) <10–6

INS VNTR
I/I 373 (71) 221 (51)* 2.4 (1.8–3.2) <10–6

I/III or III/III 152 (29) 216 (49)* 0.6 (0.5–0.8) <10–6

Data aren (%). P values are considered significant wheneverP<0.05/10 orP<0.005 (Bonferroni).
* INSVNTR data were determined in 437 control subjects.



radiobinding assay [23] and ICA (expressed in JDF units) by
indirect immunofluorescence [15]. These four antibodies were
determined in all 525 patients at disease onset, except for IA-2-
Ab, which were only available in 483 subjects. The cut-off for
antibody positivity was determined by receiver-operating charac-
teristics (ROC) curve analysis [34] and found to be$ 0.5% of
tracer bound for IA-2-Ab,$ 1.7% for GAD65-Ab,$ 0.7% for
IAA, and$ 12 JDF units for ICA based on the analysis of over
300 control subjects and over 300 IDDM patients [23]. These
assays repeatedly performed well in external quality control
programs (Immunology of Diabetes Workshops, University of
Florida Proficiency Tests, European Nicotinamide Diabetes Inter-
vention Trial serum exchanges). Thyrogastric autoantibodies were
determined in a subset of 151 patients. Thyroid peroxidase (cut-off
>100 U/ml), thyroid-stimulating hormone (TSH) receptor (cut-off
>9 U/l), and anti-intrinsic factor antibodies (cut-off ratio ((ct/min
in patient serum)/(ct/min in normal serum))>1.1) were measured
by radioimmunoassay and antigastric parietal cell antibodies (cut-
off titre > 1:20) by indirect immunofluorescence assay [35].

Statistical analysis
The significance of differences between IDDM patients and
control subjects in the prevalence of alleles or genotypes
was assessed byx2 test after Yates’ correction, or by Fisher’s
exact test whenever appropriate. In order to correct for multiple
comparisons,P values <0.05/n were considered significant,
wheren represents the number of comparisons (Bonferroni). The
relative risk (RR) conferred by a given genetic marker was
expressed as an odds ratio (95% confidence interval (CI)) as
previously described [29]. Multivariate analysis of autoantibody
levels was performed by stepwise linear regression using
the statistical program SPSS version 7.0 for Windows (SPSS,
Chicago, IL).

RESULTS

Prevalence of genetic risk markers according to age at clinical
onset of IDDM
In IDDM patients, the frequency ofCTLA-4 genotypes was not
significantly different among the three age categories considered
(Table 2), and thereforeCTLA-4 genotypes were not stratified
according to age in subsequent analyses. In contrast, the prevalence
of DR4-and ofDR3-positivity decreased with age at clinical onset.
This decrease is mainly attributable to the declining frequency of
the high-risk genotype(DR4)-DQA1*0301-DQB1*0302/(DR3)-
DQA1*0501-DQB1*0201, decreasing from 47% in patients
<10 years old down to 18% in patients> 20 years old. The
frequency ofHLA-DQ genotypes with only one risk haplotype or
without risk haplotypes, if anything, increased with age at onset,
while the presence of theINSVNTR genotypes was age-indepen-
dent (Table 2).

Interaction betweenCTLA-4 genotypes and genetic (HLA-DQ,
INS VNTR) or immune markers
The possible association betweenCTLA-4 genotypes and other
genetic markers is shown in Table 3. The presence or absence of G
alleles was not accompanied by differences in the prevalence of
DR3 or DR4 phenotypes, of the high-risk genotypeDQA1*0301-
DQB1*0302/DQA1*0501-DQB1*0201, of DQA1*-DQB1* geno-
types containing only one type of risk haplotypes (0301–0302or
0501–0201), or of theINSVNTR class I/I genotype, regardless of
the HLA-DQ-linked risk. Neither did the presence or absence of
AG or GG genotypes influence the occurrence of ICA, IAA,
GAD65-Ab or IA-2-Ab, alone or in combination (Table 4). Similar
negative results were obtained after stratification of the patients
according to positivity or negativity forHLA-DR3or DR4, and to
the four categories ofHLA-DQ genotypes, in the absence or
presence of theINS VNTR class I/I genotype (results not
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Table 2. Prevalence of genetic risk markers in 525 IDDM patients according to age at clinical onset

Age at clinical onset

Genetic marker 0–9 years 10–19 years 20–39 years
(n¼ 98) (n¼ 167) (n¼ 260)

CTLA-4
GG 16 (16) 29 (17) 30 (12)*

AG 47 (48) 91 (55) 131 (50)*

GG or AG 63 (64) 120 (72) 161 (62)*

HLA-DR phenotypes
DR4-positive 70 (71) 108 (65) 140 (54)**

DR3-positive 68 (69) 98 (59) 129 (50)***

HLA-DQA1*-DQB1*
(DR4)-0301-0302/(DR3)-0501-0201 46 (47) 54 (32) 47 (18)****

(DR4)-0301-0302/non(DR3)-0501-0201 20 (20) 50 (30) 81 (31)*

non(DR4)-0301-0302)/(DR3)-0501-0201 22 (22) 44 (26) 82 (31)*

non(DR4)-0301-0302)/non(DR3)-0501-0201 10 (10) 19 (11) 50 (19)*

INS VNTR
I/I 69 (70) 124 (74) 180 (69)*

Data aren (%).
*OverallP by age>0.05; ** overallP by age¼ 0.004;*** overallP by age¼ 0.003;**** overallP by

age<10–6; overall P values are considered significant wheneverP<0.05/10 or<0.005 (Bonferroni).



shown). Multivariate analysis confirmed the lack of association
between levels of IDDM-specific autoantibodies andCTLA-4
genotypes (results not shown).

In a subgroup of 151 patients, no association could be revealed
betweenCTLA-4genotypes and positivity for thyroid peroxidase
(n¼ 26), TSH receptor (n¼ 0), anti-parietal cell (n¼ 10), or anti-
intrinsic factor antibodies (n¼ 5), alone (not shown) or in combi-
nation (Table 4). When considering thyroid peroxidase antibodies
separately, subjects with or withoutCTLA-4G alleles did not differ
in autoantibody prevalence, regardless of the presence or absence
of HLA-DRphenotypes (Table 4).

DISCUSSION

An A-to-G transition polymorphism at position 49 (codon 17) in
the first exon of theCTLA-4gene has been linked to and associated
with IDDM [4,5]. The G and A alleles code for, respectively,
alanine (Ala) and threonine (Thr) at position 17. It is so far
unknown whether this polymorphism is causally implicated in
diabetes susceptibility, or rather represents an indirect marker of
another mutation in theCTLA-4 gene or in a nearby gene. How
these genetic changes could be linked to IDDM susceptibility is a
matter of speculation. Since CTLA-4 is a negative regulator of
CD28 acting as a major repressor of the antigen-specific immune
response [6–11], it is conceivable that certainCTLA-4 gene
polymorphisms could alter the function or expression level of the
CTLA-4 protein and hence underlie differences in the individual
proneness to (organ-specific) autoimmune diseases such as IDDM
or Graves’ disease [4,5,26]. The role of CTLA-4 in T cell
development and in the pathogenesis of autoimmunity is so far
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Table 3. Prevalence of genetic markers in 525 IDDM patients at clinical onset according to the
presence or absence of G-containingCTLA-4genotypes

Prevalence of genetic marker

Genetic marker G allele present G allele absent

n ¼ 344 n ¼ 181
HLA-DR phenotypes
DR4-positive 218 (63) 100 (55)*

DR3-positive 189 (55) 106 (59)*

HLA-DQA1*-DQB1*
(DR4)-0301-0302/(DR3)-0501-0201 97 (28) 50 (28)*

(DR4)-0301-0302/non(DR3)-0501-0201 106 (31) 45 (25)*

Non(DR4)-0301-0302/(DR3)-0501-0201 92 (27) 56 (31)*

Non(DR4)-0301-0302/non(DR3)-0501-0201 49 (14) 30 (17)*

INS VNTR I/I in combination with
Any HLA-DQ genotype orHLA-DRphenotype 244 (71) 129 (71)*

DR4-positive phenotypes 157 (46) 70 (39)*

DR3-positive phenotypes 130 (38) 79 (44)*

HLA-DQA1*-DQB1
(DR4)-0301-0302/(DR3)-0501-0201 63 (18) 36 (20)*

(DR4)-0301-0302/non(DR3)-0501-0201 86 (25) 32 (18)*

Non(DR4)-0301-0302/(DR3)-0501-0201 67 (19) 43 (24)*

Non(DR4)-0301-0302/non(DR3)-0501-0201 28 (8) 18 (10)*

Data aren (%).
*P>0.05.

Table 4. Prevalence of immune markers in IDDM patients at clinical onset
according to the presence or absence of G-containingCTLA-4genotypes

Prevalence of immune marker

Immune marker G allele present G allele absent

n ¼ 344 n ¼ 181
IDDM-specific autoantibodies
IAA 135 (39) 79 (44)*

ICA 248 (72) 124 (69)*

GAD 65-Ab 283 (82) 140 (77)*

n ¼ 320 n ¼ 163
IA-2-Ab** 187 (58) 93 (57)*

$ 1 type of autoantibodies** 299 (93) 150 (92)*

$ 2 types of autoantibodies** 268 (84) 124 (76)*

$ 3 types of autoantibodies** 183 (57) 93 (57)*

All four autoantibodies** 67 (21) 43 (26)*

Thyrogastric autoantibodies*** n ¼ 96 n ¼ 55
$ 1 type of autoantibodies*** 24 (25) 11 (20)*

Thyroid peroxidase autoantibodies***

Any HLA-DRphenotype 16 (17) 10 (18)*

DR4-positive 13 (14) 5 (9)*

DR3-positive 4 (4) 6 (11)*

Data aren (%).
*P> 0.05; **n¼ 483; ***n ¼ 151.



incompletely understood.CTLA-4-gene knockout mice develop a
lethal lymphoproliferative disease which is characterized by mas-
sive T lymphocytic infiltration and multiorgan tissue destruction,
including heart and pancreas [9,10], revealing an immunosuppres-
sive role for the CTLA-4 protein. These observations in CTLA-4-
deficient mice also raise the possibility that mutations in the
CTLA-4 gene may lead to autoimmunity in humans. However,
the A-to-G transition polymorphism is an unlikely candidate,
because it is located in the coding region for the leader peptide
whose function will probably not be affected by the Thr/Ala
substitution [4]. Alternatively, theCD28 gene which is located
close toCTLA-4is another candidate gene for the alterations in the
immune response.

By analogy with other intermediate-risk genetic IDDM risk
markers (INSVNTR I/I and intermediate-riskHLA-DQgenotypes)
[21], but in contrast to the heterozygous high-risk HLA genotype
DQA1*0301-DQB1*0302/DQA1*0501-DQB1*0201[12–15], the
risk conferred by G-allele containingCTLA-4genotypes does not
decrease with age at clinical disease onset. Its diabetes association
is not affected by the occurrence ofHLA-DRphenotypes, of HLA-
DQ susceptibility haplotypes and of theINS VNTR class I/I risk
genotype, suggesting that theCTLA4/IDDM12region contains an
independent risk factor for IDDM. This finding complements the
observations of Donneret al. [5] and contrasts with reported
interactions between the HLA gene complex and other loci
including theINS VNTR region on chromosome 11p15, the IL-1
receptor type 1 gene (IL1R1) on chromosome 2q12-22, and the
HOXD8 locus on chromosome 2q31 [21,36,37]. Taken together,
these findings indicate that the relative importance of various
intermediate-risk genetic factors for IDDM susceptibility increases
with age at clinical onset.

In contrast to the reported preferential occurrence of diabetes-
specific autoantibodies with genetic risk as determined byHLA-
DQ and INS VNTR genotypes [15–24], theCTLA-4 G allele
appears not preferentially associated with a higher frequency of
islet or thyrogastric antibodies in the present patient group even
after stratification forHLA- or INS-linked risk. This observation
does not provide support to the assumption that the studied A-to-G
CTLA-4 polymorphism might determine changes in the humoral
immune response. Disclosing such an association might, however,
require longitudinal studies or much larger numbers of patients in
the case of theCTLA-4 G allele, in view of its relatively weak
diabetes association compared withHLA-DQ risk genotypes.
Moreover, its effects may only be detectable in the cellular
immune response, or be non-specific in nature. Finally, the studied
CTLA-4 polymorphism may only represent an indirect genetic
marker of IDDM susceptibility.

In conclusion, G allele-positive genotypes as determined by the
A-to-G polymorphism in the first exon of theCTLA-4gene confer a
moderate but significant relative risk for IDDM, independent of
age and genetic or immune disease markers.
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