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Abstract
Context: Epidemiological data suggest a common genetic susceptibility to Type 1 diabetes (T1D)
and autoimmune thyroid disease (AITD).

Objective: Our objective was to identify the joint susceptibility genes for T1D and AITD.

Design: We conducted a family based linkage and association study.

Setting: The study took place at an academic medical center.

Participants: Participants included 55 multiplex families (290 individuals) in which T1D and AITD
clustered (T1D-AITD families).

Main Outcome Measures: We conducted tests for linkage and family-based associations
(transmission disequilibrium test) with four candidate genes, human leukocyte antigen (HLA),
cytotoxic T lymphocyte-associated antigen 4 (CTLA-4), insulin variable number of tandem repeats
(VNTR), and thyroglobulin.

Results: Linkage evidence to HLA appeared when subjects with either T1D or AITD were considered
affected [maximum LOD score (MLS), 2.2]. The major HLA haplotype contributing to the shared
susceptibility was DR3-DQB1*0201, with DR3 conferring most of the shared risk. The CTLA-4
gene showed evidence for linkage only when individuals with both T1D and AITD were considered
affected (MLS, 1.7), and the insulin VNTR showed evidence for linkage when individuals with either
T1D or AITD were considered affected (MLS, 1.9); i.e. it may contribute to the familial aggregation
of T1D and AITD.

Conclusions: The HLA class II locus contributes to the shared risk for T1D and AITD, and the major
HLA haplotype contributing to this association is DR3-DQB1*0201. Additional non-HLA loci
contribute to the joint susceptibility to T1D and AITD, and two potential candidates include the
CTLA-4 and insulin VNTR loci.
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INTRODUCTION
Autoimmune endocrine diseases are disorders in which immune dysregulation results in
immune attack on the endocrine glands. While autoimmune disorders may affect many
endocrine glands, the most common autoimmune endocrine disorders are Type 1 diabetes
mellitus (T1D) and the autoimmune thyroid diseases (AITD), including Graves' disease and
Hashimoto's thyroiditis. Both T1D and AITD are organ specific T-cell mediated diseases in
which T-cell infiltration results in dysfunction of the target organ (the pancreatic islets in T1D
and the thyroid in AITD). There is a well-known strong association between T1D and AITD
(reviewed in (1)). They frequently occur within the same family (2), and in the same individual.
When T1D and AITD occur in the same individual the phenotype is considered an autoimmune
polyglandular syndrome (APS) variant (3). As summarized in Table 1, approximately 15 to
30% of patients with T1D have thyroid antibodies (TAb's), and up to 50% of such patients
progress to clinical AITD (4). Conversely, 2.3% of children with AITD have islet cell
antibodies compared with 0% of controls (5). Prevalence rates of Hashimoto's thyroiditis in
relatives of type 1 diabetics range from 22% to 44%, compared with a population prevalence
of only 5% to 10% (6). Other factors such as age (7), age of onset of puberty, and ethnicity
(8) influence the association between T1D and AITD. Indeed, with increasing age, the
prevalence of TAb's in diabetic patients rises dramatically (7-9).

The similar pathogenesis of T1D and AITD and their tendency to occur together suggest that
their etiology may involve shared genetic factors (1). However, so far little is known about the
joint genetic etiology of these two diseases. One strong candidate locus is the human leukocyte
antigen (HLA), known to influence both diseases, but to different extents (10). Previous HLA
studies in Caucasians have suggested that the haplotype DR3-DQB1*0201 may predispose to
T1D and AITD when both occur in the same individual (APS variant) (Table 2) (11). So far
very few studies have examined the HLA locus in families with T1D and AITD (Table 2). We
have recently shown that in families in which both T1D and AITD cluster (“T1D-AITD
families”), the HLA locus was linked to both T1D and AITD (12). Moreover, our study
demonstrated that HLA-DR3 was associated with both T1D and AITD in these families, but
DR4 was specific for T1D (12). Since HLA-DQ alleles have been shown to be the major
determinants of genetic susceptibility to T1D (13), while HLA-DR3 is believed to be the
primary allele conferring susceptibility to AITD (14;15) it was not clear whether DR, DQ, or
both loci contribute to the joint susceptibility to T1D and AITD. Therefore, the aim of the
present study was to examine the differential effects of the HLA-DR and HLA-DQB1 genes
on susceptibility to T1D and AITD in families in which both diseases cluster. Since our
previous study demonstrated that other non-HLA loci must contribute to the joint susceptibility
to T1D and AITD, we, therefore, have now tested 3 additional candidate genes for linkage and
association with AITD and T1D in the T1D-AITD families: insulin VNTR, CTLA-4, and
thyroglobulin.

SUBJECTS AND METHODS
The families

The project was approved by the institutional review board. Fifty five Caucasian families (290
individuals) were analyzed. Families were ascertained through a patient with T1D who had at
least one first degree relative with T1D and at least one additional first degree relative with
AITD. T1D was diagnosed based on the American Diabetes Association criteria (16) with age
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at diagnosis under 15 years. AITD includes Graves' disease and Hashimoto's thyroiditis, both
diagnosed as previously described (17).

Genotyping of microsatellite markers in the MHC region
The HLA gene locus is located on chromosome 6p21(34 - 39 cM). We analyzed six
microsatellite markers which span the MHC region including one marker that is located very
close to the DR locus on its telomeric side (D6S273) and another close to the DQ locus also
telomeric to DR (TNF••microsatellite [TNF••-ms]). This enabled us to test for linkage around
the MHC region as well as inside the MHC class II gene region. Primers for marker
amplification were purchased from ABI (Foster City, CA), and genotyping was performed as
previously described (18).

HLA typing
Molecular typing of HLA-DR and HLA-DQB1 was carried out according to the requirements
of the American Society for Histocompatibility (19). The major alleles of HLA-DR and HLA-
DQB1 were typed using the technique of group-specific PCR-amplification, followed by
restriction enzyme digestion, as previously described (20;21).

Genotyping the Insulin VNTR locus
The insulin-VNTR polymorphism, located 5' to the insulin gene, is a tandem repetition of 14-
to 15-bp oligonucleotides. It has two main alleles, the shorter class I alleles (28-44 repeats)
and the longer class III alleles (138-159 repeats). Family members were typed for the insulin-
VNTR class I and class III alleles using the -23 HphI RFLP polymorphism, as previously
described (22;23). The -23 HphI RFLP polymorphism was shown to be in extremely tight
linkage disequilibrium (>99.7% concordance) with the VNTR in Caucasians

Genotyping the CTLA-4 locus
Linkage analysis for the CTLA-4 locus was performed using the highly informative
microsatellite marker D2S325 (24), located 1 cM downstream from the CTLA-4 genes (24).

Genotyping the thyroglobulin locus
We used the microsatellite marker Tgms2 located inside intron 27 of the Tg gene to test for
linkage to the Tg locus (25).

Linkage analyses
Two-point linkage analyses: Two-point LOD scores for the different markers studied were
computed using LIPED software (26) assuming both dominant and recessive models (27).
Twins studies have reported the concordance rates for monozygotice twins to be 30-50% for
T1D (28-30) and 30-80% for AITD (31;32) suggesting a penetrance of ∼30-50% for T1D and
AITD. Therefore, and in order to choose a conservative estimate, all linkage analyses were
performed at an assumed 30% penetrance. In addition, the non-parametric (NPL) LOD scores
were also computed using the GeneHunter program.

Heterogeneity testing and multipoint linkage analysis: Multipoint LOD scores were
computed by the Allegro program (33) using all the markers spanning the MHC locus.
Multipoint linkage analysis yields the maximum information for each family for the area of
interest. Using Allegro, we set the inheritance parameters identical to those that gave the
maximum LOD scores in the 2-point analyses. Marker placement and distances for the
multipoint analysis were obtained from the Genethon maps (34). The order of the markers and
recombination fractions in the Genethon maps were verified on our data set. In addition, we

Golden et al. Page 3

J Clin Endocrinol Metab. Author manuscript; available in PMC 2005 December 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



tested for heterogeneity in our dataset with multipoint heterogeneity LOD scores (HLOD's),
computed by the Allegro program (33) using all the markers spanning the MHC locus.

Affectedness and disease models used in the linkage analyses: Some individuals in our
families had T1D, some had AITD, and some had both T1D and AITD (APS variant).
Therefore, we analyzed the data using four models:

(1) Model 1 - T1D (n=55 families): Only individuals with T1D were considered as affected,
whether they had T1D alone or with AITD. This model tests for linkage to T1D.

(2) Model 2 - AITD (n=55 families): Only individuals with AITD were considered as affected,
whether they had AITD alone or with T1D. This model tests for linkage to AITD.

(3) Model 3 - T1D or AITD (n=55 families): Individuals with T1D or AITD (or both) were
considered as affected; a locus showing linkage under this model contributes to the clustering
of T1D and AITD within the same family.

(4) Model 4 - T1D and AITD (APS variant) (n=31 families): Only individuals with both T1D
and AITD were considered as affected. Loci identified using this model contribute only to the
combined phenotypes of T1D and AITD in the same individual (considered to be an APS
variant (11)), but do not necessarily contribute to the clustering of T1D and AITD in families.

Association analyses
Family based association analyses were performed using the transmission disequilibrium test
(TDT). The TDT analysis was performed using Genehunter version 2.0 (35). The TDT
compares the rate of transmission of parental alleles to affected offspring with the rate expected
if there is no preferential transmission (36). We performed the TDT analyses for offspring
affected by T1D alone, offspring affected by AITD alone, and offspring affected by both T1D
and AITD (APS variant). A significantly increased transmission of a certain allele to affected
offspring indicates association of that allele with the disease phenotype. Conversely, a
significantly decreased transmission of a certain allele to affected offspring indicates a negative
association of that allele with the disease phenotype, i.e., a protective effect.

RESULTS
Family characteristics

We analyzed 55 families; all families were multiplex for T1D (i.e. >1 affected) and had at least
one additional family member with AITD; 21 families (38%) were multiplex for AITD. In 31
families (56%) at least one family member had both T1D and AITD (APS variant (3)). On the
average the families had 5.3 members. We had a total of 290 individuals. Of these, 148
individuals were affected; 68 had T1D alone, 45 had AITD alone, and 35 had both T1D and
AITD [APS variant] (Table 3). Of the 80 AITD patients (with or without T1D) 62 had
Hashimoto's thyroiditis and 18 had Graves' disease.

Linkage and association analyses of the HLA region
Two-point linkage analysis and NPL analysis: Six markers spanning the HLA locus were
analyzed for linkage with T1D and AITD. When we analyzed for model 1 (T1D) the 2-point
maximum LOD score (MLS) was 7.43 at marker D6S273 for the recessive model, at 30%
penetrance and a θ (θ indicates the recombination fraction at which the MLS was obtained) of
0.05. Analysis for model 2 (AITD) gave a 2-point MLS of 0.95 at marker TNF••-ms (recessive
model, 30% penetrance, ••=0.1). When we analyzed for model 3 (all T1D or AITD patients
considered affected) the 2-point MLS was 2.21 at marker D6S273 (recessive model, 30%
penetrance, ••=0.2), and considering only individuals that had both T1D and AITD as affected
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(APS variant, Model 4) gave an MLS of 1.4 at marker TNF••-ms (recessive model, 30%
penetrance, ••=0.01). Similar results were obtained by the NPL analysis. The maximum NPL
score for model 1 (T1D) was 4.8, obtained at marker TNF••-ms, the maximum NPL score for
model 2 (AITD) was 0.6 (at marker TNF••-ms), the maximum NPL score for model 3 (T1D
or AITD) was 3.6,(at marker TNF••-ms), and the maximum NPL score for model 4 (T1D
+AITD) was 0.8 between markers TNF••-ms and D6S273. Thus, both the parametric and the
nonparametric (NPL) linkage analyses showed positive LOD scores for model 3 (T1D or
AITD) suggesting that the HLA locus contributes to the familial clustering of T1D and AITD.
However, the LOD scores were significantly higher for T1D (model 1) reflecting the well-
known major influence of HLA on the etiology of T1D (37).

Heterogeneity testing and Multipoint Analysis: As for the 2-point analysis, multipoint
linkage analyses using Allegro also showed positive LOD scores for models 1 (T1D) and 3
(T1D or AITD) (Figure 1). For affectedness T1D (model 1) the maximum multipoint LOD
score when allowing for heterogeneity (HLOD) was 7.57 between markers TNF••-ms and
D6S273 (Figure 1). For affectedness AITD (model 2) the HLOD was 1.0-1.5 throughout the
HLA region. Multipoint linkage analysis for affectedness T1D or AITD (model 3) gave a
maximum multipoint HLOD score of 2.2 between markers D6S273 and D6S439 (Figure 1),
and the maximum multipoint HLOD score for affectedness T1D+AITD (model 4) was 1.6
between markers D6S464 and TNF••-ms. These results support our previous data (12) showing
that the clustering of AITD with T1D in families is partially determined by the HLA locus.
However, the LOD score for HLA was highest for T1D alone, and when we added the AITD-
affected individuals to the analysis the LOD score decreased from 7.57 to 2.2. This decrease
in LOD score when individuals with AITD were added to the analysis shows that HLA
contributes significantly less to the inherited susceptibility to AITD in T1D families. Therefore,
other non-HLA genes must contribute to the strong familial clustering of T1D and AITD.

Family based association studies (Figure 2): All family members were typed for DR and
DQB1 alleles and a TDT test was performed. TDT analysis examining transmission to the
proband showed preferential transmission of the haplotypes DR3-DQB1*0201 (p=0.00016)
and DR4-DQB1*0302 (p=0.0004) to offspring affected with T1D alone (Figure 2, Table 4).
The same haplotypes were preferentially transmitted to probands affected with both T1D and
AITD (APS variant). However, only the DR3-DQB1*0201 haplotype was preferentially
transmitted to offspring affected with AITD alone (p=0.02, Figure 2, Table 4). In contrast,
the DR4-DQB1*0302 haplotype showed preferential nontransmission to offspring with AITD
alone (p=0.01, Table 4). Preferential nontransmission was also seen with the haplotypes DR2-
DQB1*0602 and DR4-DQB1*0301 to offspring with T1D alone and offspring with both T1D
and AITD (APS variant). This was not seen in offspring with AITD alone; however the numbers
were very small. As a control for the TDT analysis we tested the transmission of the same
haplotypes to unaffected offspring. The analysis demonstrated no significant deviation from
expected transmission (Table 4). All remaining haplotypes that were found among the 290
family members were rare and, therefore, excluded from the analysis.

Analysis of individual alleles within associated haplotypes (Table 4): In order to examine
which allele was the primary allele conferring susceptibility within each associated haplotype,
we compared the TDT results for haplotypes DR3-DQB1*0201 and DR4-DQB1*0302 with
haplotypes containing one, but not both, of their constituent alleles. As previously mentioned,
the haplotype DR3-DQB1*0201 was preferentially transmitted to offspring affected with T1D,
AITD, or both. Haplotypes containing DR3 without DQB1*0201 were extremely rare among
the families. In contrast, haplotypes containing DQB1*0201 without DR3 were more prevalent,
and these haplotypes trended towards preferential nontransmission to affected offspring (p =
0.07, Table 4). This suggested that within the haplotype DR3-DQ*0201, it was the DR3
conferring most of the risk to T1D and AITD. The haplotype DR4-DQB1*0302 was
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preferentially transmitted to offspring with T1D. Haplotypes containing DR4 without
DQB1*0302 were preferentially not transmitted to offspring with T1D (p=0.0015, Table 4),
whereas haplotypes containing DQB1*0302 without DR4, showed no preferential
transmission pattern (Table 4). This suggested that within the haplotype DR4-DQ*0302, it
was the DQB1*0302 that conferred most of the risk to T1D.

Linkage analyses of non-HLA candidate genes
CTLA-4 locus: Linkage analysis for the CTLA-4 locus was performed using the microsatellite
marker D2S325. Analysis for model 1 (T1D) and for model 2 (AITD) gave low positive LOD
scores (0.3 and 0.9, respectively)(Table 5), while analysis for model 3 (T1D or AITD) gave
negative 2-point LOD scores (MLS=0, at θ=0.5, Table 5). This suggested that CTLA-4 does
not contribute to the familial clustering of T1D and AITD in our dataset. However, when
considering only individuals that had both T1D and AITD as affected (APS variant, model 4)
the MLS was 1.7 (recessive model, 30% penetrance, ••=0.05), suggesting evidence for linkage
(Table 5). Since AITD includes both GD and HT and most of the patients with T1D+AITD in
our families had T1D+HT we re-analyzed the data considering individuals that had both T1D
and HT as affected. The MLS when considering individuals that had both T1D and HT as
affected was 2.1 (recessive model, 30% penetrance, ••=0.05), suggesting that T1D+HT is the
distinct phenotype which is linked with CTLA-4 in our T1D-AITD families. This suggests that
patients with T1D and AITD/HT (APS variant) may be a genetically distinct subgroup of
diabetics influenced by CTLA-4. Therefore, these data may help explain previous inconsistent
studies of CTLA- 4 in T1D with some reporting significant linkage/association of CTLA-4 to
T1D (38;39) while others reporting no (40;41) or very weak (42) associations. These
inconsistent results of previous studies could be explained by noting that the T1D datasets were
likely collected without regard to the AITD status of the probands. Because approximately
10-20% of T1D patients have AITD (1), the presence or absence of AITD in such patients can
represent a significant source of variation from study to study. Our results showed that in the
subset of T1D patients who also have AITD (APS variant) there is strong linkage to CTLA-4.

Insulin VNTR locus: Analysis for model 1 (T1D) gave a 2-point maximum LOD score (MLS)
of 0.7, and analysis for model 2 (AITD) gave a 2-point MLS of 0.6 (Table 5) suggesting that
there was little information for linkage. When we analyzed considering all T1D or AITD
patients as affected (model 3) the 2-point LOD scores was 1.9 (recessive model, 30%
penetrance, ••=0.01) showing evidence for linkage (Table 5). These results, may suggest that,
in addition to HLA, the insulin VNTR or a nearby gene in linkage disequilibrium may also
contributes to the familial clustering of T1D and AITD.

Thyroglobulin locus: We used the microsatellite Tgms2, located inside intron 27 of Tg, to
test for linkage to the Tg locus. Analysis for all models gave low LOD scores (< 0.5) (Table
5). These low LOD scores cannot show or exclude evidence for linkage at the Tg locus in our
55 T1D-AITD families.

DISCUSSION
Despite the well-known association between T1D and AITD, there have been relatively few
reports on the shared genetic susceptibility for these two disorders. Previously, we analyzed
40 families in which T1D and AITD cluster, and demonstrated linkage of HLA with both T1D
and AITD. Our results also had suggested that HLA-DR3 contributed to both diseases, whereas
HLA-DR4 contributed to T1D but not to AITD. In this study, we have expanded our dataset
to 55 families and examined the contribution of HLA-DR and -DQ, and three non-HLA genes;
CTLA-4, insulin VNTR, and thyroglobulin, to the genetic association between T1D and AITD.
Our linkage analysis of the HLA locus confirmed again the evidence for linkage of HLA to
T1D and AITD in the T1D-AITD families. The maximum multipoint HLOD was 7.57 for T1D
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(model 1), 1.5 for AITD (model 2), and 2.2 when all individuals with T1D or AITD were
considered affected (model 3) [Figure 1]. These results suggested that the clustering of AITD
with T1D in families is partially determined by the HLA locus. The finding of low positive
LOD scores when considering AITD as affected (MLS=1.5) is interesting since most previous
studies by us and others found strong evidence against linkage (negative LOD scores) with the
HLA locus in families with AITD but without T1D (17;43-47). Since it was possible that these
positive LOD scores for AITD reflected the contribution of individuals with AITD+T1D (APS
variant) we re-analyzed the data when considering individuals with only AITD (and not T1D)
as affected. The analysis showed an MLS of 0.8 at marker TNFα-ms (data not shown),
supporting our conclusion that in the T1D-AITD families the HLA locus is linked with AITD.
Thus, it is possible that the AITD phenotype that is seen in T1D families has a different genetic
etiology, and potentially a different pathogenesis, than the AITD phenotype seen in families
in which only AITD clusters and, the sporadic AITD phenotype.

When we considered both T1D and AITD as affected the maximum LOD score was 2.2 which
is significantly lower than the MLS obtained when considering only T1D as affected
(MLS=7.57) (Figure 1). One possible explanation for this observation is that in our T1D-AITD
families, T1D may show strong evidence of linkage to the HLA locus while AITD does not.
Thus, considering AITD-affected individuals as affected introduces genetic heterogeneity into
the data because another non-HLA locus contributes to the familial clustering of T1D and
AITD at least in some of the families.

Our TDT analysis revealed preferential transmission of HLA haplotypes DR3-DQB1*0201
and DR4-DQB1*0302 to offspring affected with T1D alone. The same was true for offspring
affected with both T1D and AITD (APS variant). However, when looking at offspring affected
with AITD alone, only DR3-DQB1*0201 was preferentially transmitted, whereas DR4-
DQB1*0302 was preferentially not transmitted. These data may suggest that DR3-DQB1*0201
haplotype confers susceptibility to both diseases, whereas the haplotype DR4-DQB1*0302 is
specific to T1D. Indeed, it is well known that the DR4-DQB1*0302 haplotype shows the
strongest association with T1D (48-50). It is also likely that in offspring with both T1D and
AITD (APS offspring), the major haplotype is DR3-DQB1*0201, while the preferential
transmission of the DR4-DQB1*0302 haplotype reflects the strong influence of this haplotype
on the T1D component.

In order to look for differential effects of HLA-DR and HLA-DQB1 alleles on susceptibility
to T1D and AITD, we compared the haplotypes DR3-DQB1*0201 and DR4-DQB1*0302 to
other haplotypes containing one, but not both, of their constituent alleles (Table 4). This
analysis has suggested that within the DR3-DQB1*0201 haplotype DR3 was the primary allele
conferring most of the risk to both T1D and AITD, whereas DQB1*0201, in linkage
disequilibrium with DR3, may have a secondary role. Similarly, our data suggested that
DQB1*0302 was the primary allele conferring susceptibility to T1D whereas DR4, in linkage
disequilibrium, may have a secondary role. However, we cannot exclude the possibility that
these associations may reflect the effects of another nearby gene or genes which may be the
causative gene and is in linkage disequilibrium with the specific HLA alleles that we found to
be associated with T1D and/or AITD.

One potential weakness of our study is the relatively small number of families used in TDT
analysis, particularly when analyzing family members affected by AITD only. Therefore,
additional studies in independent dataset are needed to confirm these data. However, despite
the small numbers we were able to identify haplotypes which were associated with T1D and/
or AITD in our dataset.
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Results similar to our own have been reported in two previous studies looking at HLA
associations in Caucasian families with both T1D and AITD. Santamaria et al (51) compared
39 subjects with both T1D and AITD to 17 AITD-only affected siblings of T1D probands.
They showed that individuals with both T1D and AITD were more likely to have alleles
DQB1*0201 and DQB1*0302, whereas individuals with AITD only were more likely to have
DQB1*0201 but not DQB1*0302. Dorman et al (52) studied 25 T1D families in which at least
one parent and one offspring had Hashimoto's thyroiditis and found a two-fold increase in the
prevalence of DQA1*0501-DQB1*0201 among family members with Hashimoto's compared
to those without. No difference in the prevalence of DQA1*0301-DQB1*0302 among these
two groups was observed. Similarly, our data showed that the haplotype DR3-DQB1*0201
contributed to the shared susceptibility to T1D and AITD whereas the haplotype DR4-
DQB1*0302 was T1D specific. We have extended these observations and present data that
may suggest that DR3 and not DQB1*0201 is most likely the primary allele contributing to
this joint susceptibility to T1D and AITD.

Our study also demonstrated that the haplotypes DR3-DQB1*0201 and DR4- DQB1*0302
predispose to the combined phenotype of T1D and AITD in the same individual, considered a
variant of APS (3). Two other studies investigated HLA associations in Caucasian patients
with variants of APS. Huang et al (53) HLA-typed 31 unrelated patients with APS2
(autoimmune adrenalitis plus at least one other autoimmune disorder) and divided the patients
into two subgroups; 17 patients whose autoimmune phenotype included T1D and/or islet-cell
or glutamic acid decarboxylase antibodies, and 14 patients without such evidence of beta-cell
autoimmunity. In the former group, the haplotypes DR3-DQB1*0201 and DR4-DQB1*0302
were more frequent compared to controls. However, in the APS2 patients lacking beta-cell
autoimmunity, only the haplotype DR3-DQB1*0201 was increased, lending further evidence
to the notion that DR3-DQB1*0201 is associated with multiple endocrine organ autoimmunity.
Wallaschofski et al (11) reported slightly different findings. In this study, 112 unrelated APS
patients were divided into 29 patients with APS2 (as defined above) and 83 patients with APS3
(one autoimmune endocrinopathy other than autoimmune adrenalitis plus at least one other
autoimmune disorder). Of note, 21 (25%) of the APS3 patients had T1D and 82 (99%) had
AITD. The haplotypes DR3- DQB1*0201 and DR4-DQB1*0302 were both increased in the
APS2 patients compared to controls, but only DR4-DQB1*0302 was increased in the APS3
patients. The authors concluded that the extended haplotype DR4-DQA1*0301-DQB1*0302
is associated with APS2 and APS3. These results are different than ours, which showed that
both haplotypes DR3-DQB1*0201 and DR4-DQB1*0302 contributed to the APS variant
consisting of T1D and AITD. However, Wallaschofski et al did not present subgroup analysis
looking specifically at APS patients with the T1D+AITD phenotype.

Our data showed that the CTLA-4 gene also contributed to the development of both T1D and
AITD in the same individual (APS variant). Three other studies have examined the CTLA-4
gene in APS patients. Kemp et al. found an association of CTLA-4 with an APS variant in
which the main components were vitiligo with AITD or T1D (54). Another study from Japan
found an association between the G allele of the CTLA-4 A/G49 SNP and younger T1D patients
with AITD (55). In contrast Donner et al. found no association between CTLA-4 and an APS
variant consisting of Addison's disease and AITD or T1D (56). Therefore, it is likely that the
CTLA-4 gene contributes to the expression of only certain APS variants. Since, as noted above,
distinct HLA class 2 haplotypes have also been shown to be associated with certain APS
variants, we hypothesize that specific combinations of HLA and CTLA-4 alleles, as well as
alleles of other genes, predispose to specific APS phenotypes.

Our linkage analysis showed that the insulin VNTR locus may contribute to the clustering of
T1D and AITD within families, a finding of some surprise given that this locus has so far been
associated only with T1D. These results may imply that the insulin VNTR locus may harbor
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a gene, which contributes to the familial clustering of T1D and AITD. A recent study have
shown no association of the VNTR polymorphism with GD (57). Therefore, if our data of
linkage of T1D and AITD to the insulin VNTR locus are confirmed they may suggest that
another gene in this locus and not the VNTR polymorphism itself the autoimmunity locus in
this region.

In conclusion, our data have shown the HLA haplotype DR3-DQB1*0201 contributes to the
genetic susceptibility to T1D and AITD, whereas DR4-DQB1*0302 is specific for T1D. Within
these haplotypes, the DR3 and DQB1*0302 alleles may play the primary roles, respectively.
In addition, the insulin VNTR locus may contribute to the clustering of T1D and AITD in
families, and the CTLA-4 locus may play a role in the development of T1D and AITD in the
same individual (a variant of APS). Thus, several genes are involved in joint susceptibility to
T1D and AITD. However, we do not know if these genes interact in conferring risk for T1D
and AITD. We have previously shown an additive effect on the odds ratio for HLA-DR3 and
the G allele of the CTLA-4 A/G49 SNP suggestive of an interaction between the HLA-DR
genes and the CTLA-4 gene in predisposing to GD (58). Another study suggesting interaction
between HLA and CTLA-4 was also recently reported (59). Thus, it is possible that the
autoimmunity genes contributing to the joint susceptibility to T1D and AITD interact and that
their interactions may influence disease phenotype and severity. The molecular basis for the
interactions between susceptibility genes in complex diseases is unknown. These interactions
could represent the cumulative effect of increased statistical risk, or alternatively, there may
be molecular interactions between the susceptibility genes or their products, which ultimately
determine disease phenotype.
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Figure 1:
Multipoint LOD score analysis for the MHC region on chromosome 6p21. The X axis shows
the relative positions in centimorgans (cM) of the 6 microsatellite markers used in the linkage
analysis, and the Y axis shows the multipoint heterogeneity LOD (HLOD) score. The
multipoint HLOD score was computed using Allegro. The multipoint HLOD scores are
computed using all the markers simultaneously and allowing for genetic heterogeneity (i.e.
assuming only a subset of the families is linked at the marker locus). The maximum multipoint
HLOD scores were 7.57 when considering T1D as affected (model 1), 1.5 when considering
AITD as affected (model 2), and 2.2 when considering individuals with either T1D or AITD
(or both) as affected (model 3).
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Figure 2:
Chi squared values obtained in the transmission disequilibrium test (TDT) for the transmission
of key HLA Class 2 haplotypes to affected offspring. Bars to the right of the Y-axis show
preferential transmission and bars to the left of the Y-axis show preferential nontransmission.
The haplotype DR3-DQB1*0201 was preferentially transmitted to offspring affected by T1D,
AITD, or both, while the DR4-DQB1*0302 haplotype was specific for T1D (* P < 0.05, **P
< 0.01, *** P < 0.001).
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Table 1:
Selected studies investigating prevalence of AITD in T1D individuals

STUDY REFERENCE YEAR STUDY POPULATION THYROID
ANTIBODIES
IN T1D PT

THYROID
ANTIBODIES
IN CONTROL

CLINICAL
AITD IN
T1D PT

Fialkow 60 1975 52 T1D adults 35 % 10 % NA
52 controls (patients'
spouses)

Riley 9 1981 771 young T1D patients 17.6 % 3.3 % 7.9 %
572 controls

Bright 5 1982 182 T1D children 30 % 4.3 % NA
117 controls

Maclaren 61 1985 1456 Caucasian T1D
patients

23 % NA NA

Burek 8 1990 159 T1D children 34 % NA 10.7 %
Kontiainen 62 1990 131 young T1D patients 22 % NA 8 %
Dorman 52 1996 255 T1D probands NA NA 16 %
Roldan 63 1999 204 young T1D patients NA NA 4 %
Holl 7 1999 495 T1D children 21.8 % NA NA

NA = not available
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Table 2:
Selected HLA association studies in Caucasian individuals or families with T1D and AITD

STUDY YEAR REFERENCE COUNTRY STUDY POPULATION N HLA ALLELES OR or p-
value

Payami 1989 64 USA Patients with both T1D
and AITD

12 DR4 p < 0.001

Santamaria 1994 51 USA Patients with both T1D
and AITD

39 DQB1*0201 p = 0.0005

DQB1*0302 p = 0.03
Huang 1996 53 USA APS type 2 patients with

beta cell autoimmunity
17 DR3-DQB1*0201 p < 0.01

DR4-DQB1*0302 p < 0.01
APS type 2 patients
without beta cell
autoimmunity

14 DR3-DQB1*0201 p < 0.05

Dorman 1996 52 USA T1D probands and 1°
relatives with AITD

25 families DQA1*0501- DQB1*0201 OR = 2.2

Holl 1999 7 Germany T1D children with thyroid
antibodies

NS DR3/DR4 genotype p = 0.08

Wallaschofski 2003 11 Germany APS type 2 patients 29 DR3 p < 0.001
DR4 p < 0.05

APS type 3 patients 83 DR4 p < 0.025

APS — autoimmune polyglandular syndrome, NS — not specified, OR — odds ratio
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Table 3:
Characteristics of the 55 T1D-AITD families

TOTAL NUMBER FEMALES MALES F/M RATIO

All family members 290 151 139 1.1 / 1
Unaffected individuals 142 65 77 0.8 / 1
Affected individuals: 148 86 62 1.4 / 1
    T1D only 68 29 39 0.7 / 1
    T1D and AITD 35 22 13 1.7 / 1
    AITD only 45 35 10 3.5 / 1
Mean age of onset of T1D (years) 8.3 8.9 7.7
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Table 4:
TDT analysis of selected HLA haplotypes

Haplotype Offspring with T1D alone Offspring with T1D and
AITD

Offspring with AITD
alone Unaffected offspring

T/U* p-value T/U p-value T/U p-value T/U p-value

DR3-
DQB1*0201 30/7 0.00016 24/4 0.0002 7/1 0.03 16/25 NS*

DR3-other DQ 1/2 NS 1/2 NS 0/1 NS 0/1 NS
other DR-
DQB1*0201 4/11 0.07 2/7 NS 2/4 NS 10/5 NS
DR4-
DQB1*0302 26/6 0.0004 19/3 0.0006 0/6 0.01 26/18 NS
DR4-other DQ 0/10 0.0015 0/7 0.008 1/2 NS 5/6 NS
other DR-DQ/
b1*0302 4/2 NS 1/1 NS 0/0 NS 2/5 NS

*
NS - not significant; T/U - transmitted/untransmitted

J Clin Endocrinol Metab. Author manuscript; available in PMC 2005 December 20.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Golden et al. Page 20

Table 5:
Two-point LOD scores for three candidate loci in 55 T1D-AITD families

Locus/Gene Location Marker MLS for T1D
(Model 1)

MLS for
AITD (Model
2)

MLS for T1D
or AITD
(Model 3)

MLS for T1D
and AITD
(APS variant,
Model 4)

CTLA-4 2q D2S325 0.3 (θ=0.2) 0.9 (θ=0.2) 0 (θ=0.5) 1.7 (θ=0.05)
*

Ins-VNTR 11q HphI RFLP 0.7 (θ=0.05) 0.6 (θ=0.05) 1.9 (θ=0.01)
** 0.2 (θ=0.1)

Thyroglobulin 8q Tg-ms2 0.1 (θ=0.1) 0.1 (θ=0.1) 0.4 (θ=0.05) 0 (θ=0.5)

*
NPL= 0.8

**
NPL=1.1
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