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Abstract

In contrast to the large number of studies on autoimmunity against the thyroid gland in patients with type 1 diabetes mellitus, little is
known about the anti-islet autoimmune status in patients with autoimmune thyroid diseases (AITDs). We therefore studied the anti-islet
autoimmune status in patients with AITD and the clinical and genetic characteristics of AITD patients with anti-islet autoimmunity. The
positivity and titer of glutamic acid decarboxylase antibody (GAD Ab) were studied in 866 Japanese patients with AITD (546 with Graves
disease and 320 with Hashimoto thyroiditis), 221 patients with thyroid disease of nonautoimmune origin, and 282 control subjects. The
clinical characteristics and genotypes of HLA-DRBI, DQBI, and CTLA4 were compared between AITD patients with and without GAD Ab.
The prevalence of GAD Ab was significantly higher in AITD patients than in control subjects (5.8% vs 2.1%, P = .01), particularly in Graves
disease (7.1% vs 2.1%, P = .0019). The prevalence of diabetes mellitus was significantly higher in AITD patients with GAD Ab than in those
without (40.0% vs 10.1%, P <.0001), particularly in those with a high titer of GAD Ab (high vs low titer: 64% vs 16%, P =.001) and also in
those positive for insulinoma-associated antigen 2 (IA-2) Ab (IA-2 positive vs negative: 75.0% vs 31.3%, P = .016). The AITD patients with
GAD Ab were characterized by younger age at onset of diabetes, lower body mass index, higher hemoglobin A, level, and higher frequency
of insulin therapy than those without GAD Ab. The frequency of the DRBI*0405-DQB1*0401 haplotype was significantly higher in AITD
patients with GAD Ab than in those without GAD Ab and control subjects. A single nucleotide polymorphism (rs3087243) of CTLA4 was
significantly associated with AITD, but not with positivity of GAD Ab. These results indicate that patients with AITD, and in particular
Graves disease, are prone to develop f-cell autoimmunity and insulin-requiring diabetes, particularly those with a high titer of GAD Ab and/
or positive for both GAD and IA-2 Ab. Glutamic acid decarboxylase Ab positivity in AITD patients was associated with HLA, conferring
susceptibility to type 1 diabetes mellitus.
© 2010 Elsevier Inc. All rights reserved.

1. Introduction factors, with genetic factors consisting of multiple suscep-

tibility genes. Among susceptibility genes, HLA and CTLA4

Both type 1 diabetes mellitus and autoimmune thyroid
diseases (AITDs), including Graves disease and Hashimoto
thyroiditis, are organ-specific autoimmune diseases affecting
insulin-producing B-cells of the pancreas and the thyroid
gland, respectively. Both are multifactorial diseases caused
by a complex interaction of genetic and environmental

* Corresponding author.
E-mail address: ikegami@med kindai.ac.jp (H. Ikegami).

0026-0495/$ — see front matter © 2010 Elsevier Inc. All rights reserved.
d0i:10.1016/j.metabol.2010.07.025

polymorphisms have been reported to be associated with
type 1 diabetes mellitus as well as AITD [1-9].

Patients with type 1 diabetes mellitus frequently develop
other organ-specific autoimmune diseases, of which AITD is
the most frequent disorder [10-12]. Type 1 diabetes mellitus
patients complicated by AITD show some differences in
clinical and genetic characteristics from those without AITD.
Clinically, type 1 diabetes mellitus patients with AITD have
been reported to have glutamic acid decarboxylase auto-
antibodies (GAD Abs) for a longer time and at higher titers
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than patients without AITD [11]. Genetically, the association
with CTLA4 was reported to be concentrated in patients with
type 1 diabetes mellitus complicated by AITD [9]. In
contrast to the large number of studies on autoimmunity
against the thyroid gland in patients with type 1 diabetes
mellitus, little is known about the anti-islet autoimmune
status in patients with AITD. We therefore studied the anti-
islet autoimmune status in patients with AITD, and the
clinical and genetic characteristics of AITD patients with
anti-islet autoimmunity were compared with those of
patients without.

2. Methods
2.1. Subjects

A total of 866 Japanese patients with AITD (695 female
and 171 male; age [mean + SD], 50.2 £ 16.3 years; body
mass index [BMI], 21.7 + 3.3 kg/m®) were studied. The
AITD patients consisted of 546 patients with Graves disease
(422 female and, 124 male; age, 45.8 £ 15.6 years; BMI,
212 + 3.1 kg/m?) and 320 patients with Hashimoto
thyroiditis (273 female and 47 male; age, 57.8 £ 14.5
years; BMI, 22.7 + 3.5 kg/m?). Autoimmune thyroid
diseases was diagnosed clinically by endocrinologists and
confirmed by abnormal levels of thyroid hormones and
autoantibodies to thyrotropin receptor, thyroid peroxidase,
and/or thyroglobulin. As a control group, 221 patients (age,
57.1 + 16.0 years; BMI, 21.8 + 3.2 kg/m®) with thyroid
disease of nonautoimmune origin such as subacute thyroid-
itis or thyroid nodules and 282 healthy control subjects (age,
52.4 + 14.4 years; BMI, 22.6 + 3.3 kg/m®) who underwent
annual health checkup were also studied. The serum
thyrotropin level and status of thyroid autoantibodies were
not investigated in control subjects. Positivity of GAD Ab
and its titer in patients with AITD were compared with those
in patients without thyroid autoimmunity. The status of
diabetes mellitus and other clinical characteristics as well as
the genetic characteristics in patients with AITD positive for
GAD Ab were compared with those in patients negative for
GAD Ab. This study was approved by the appropriate
ethical committees, and informed consent was obtained from
all participants.

2.2. Methods

2.2.1. Autoantibody assay

Glutamic acid decarboxylase Ab was measured by a
commercially available radioimmunoassay kit using 125,
labeled recombinant human GAD65 as a tracer reagent
(Cosmic, Tokyo, Japan) [13]. Samples were defined as
GAD Ab positive when the level was higher than a
threshold of 1.5 U/mL as suggested by the manufacturer
[14,15]. This assay had a sensitivity of 82% and specificity
of 92% in the first Proficiency Test of Diabetes
Autoantibody Standardization Programs organized by the
Immunology of Diabetes Society [16].

Autoantibody to insulinoma-associated antigen 2 (IA-2
Ab) was measured by an immunoprecipitation assay using
125]_labeled IA-2 [17]. Samples were defined as IA-2 Ab
positive when the level was higher than 1.0 U/mL [17].

2.2.2. Genotyping of HLA-DR, -DQ, and CTLA4

The HLA-DRBI and -DQBI alleles were genotyped in all
AITD patients positive for GAD Ab (n = 42) as well as in
age- and sex-matched AITD patients negative for GAD Ab
(n = 158). DRBI and DQBI data from healthy subjects in
our previous study (n = 230) [8] served as controls. DRB]
and DQBI were genotyped by polymerase chain reaction—
restriction fragment length polymorphism and polymerase
chain reaction—sequence-specific oligonucleotide (SSO)
and/or sequence-based typing (SBT) methods as described
previously [8,18-20]. Haplotypes were determined based on
the most probable haplotypes according to the linkage
disequilibria in the Japanese population [21,22].

A single nucleotide polymorphism (SNP) in the CTLA-4
gene, 1s3087243 (+6230G>A), which has been reported to
be associated with type 1 diabetes mellitus as well as AITD
[6,7,9], was genotyped in 189 patients with AITD as
reported previously [9]. Genotype data of healthy subjects
in our previous study served as control [9].

2.2.3. Statistical analysis

%% test and Fisher exact probably test were used to
determine the significance of differences in the distribution
of the number of subjects and alleles. Student ¢ test was used
to compare the levels of clinical parameters. Statistical
significance was defined as P < .05.

3. Results

3.1. Prevalence and clinical characteristics of AITD
patients positive for GAD Ab

The prevalence of positivity for GAD Ab in AITD
patients was significantly higher than that in healthy control
subjects (5.8% vs 2.1%, P = .01) (Table 1). The prevalence
in patients with Graves disease was significantly higher than
that in control subjects (7.1% vs 2.1%, P = .0019) as well as
in patients with Hashimoto thyroiditis (7.1% vs 3.4%, P =
.02) (Table 1). The prevalence in patients with Hashimoto
thyroiditis was slightly, but not significantly, higher than that
in healthy control subjects (3.4% vs 2.1%, not significant
[NS]). To confirm the positivity of GAD Ab, 42 AITD

Table 1
Frequency of subjects positive for GAD antibodies
GAD Ab (+) P
n (%) (vs control)
AITD Total (n=2866) 50 (5.8%) .01
Graves disease (n=546) 39 (7.1%) .0019
Hashimoto thyroiditis (n=320) 11 (3.4%) NS
Controls (n=282) 6(2.1%)
2 o test.
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patients positive for GAD Ab were repeatedly tested for
GAD Ab. All but 2 patients positive for GAD Ab at the first
test were positive for GAD Ab at the second test
(Supplementary Figure 1). The 2 patients who became
negative for GAD Ab at the second test had a low titer (1.6
and 1.5 U/mL) of GAD Ab at the first test (Supplementary
Figure 1), suggesting the importance of the titer in studying
the prevalence of GAD positivity.

To compare the titer of GAD Ab in patients with AITD
with that in other conditions, patients with thyroid diseases
of nonautoimmune origin (n = 221) were tested for GAD Ab.
Although the prevalence of GAD Ab was not significantly
different between AITD patients and patients with thyroid
diseases of nonautoimmune origin (5.8% vs 4.5%), the titer
of GAD Ab was markedly higher in AITD than in other
conditions (Fig. 1). None of the patients with thyroid
diseases of nonautoimmune origin as well as healthy control
subjects showed a titer higher than 10 U/mL, whereas 23
(46%) of 50 AITD patients positive for GAD Ab showed a
titer higher than 10 U/mL (P = .017).

The prevalence of diabetes mellitus was significantly
higher in AITD patients positive for GAD Ab than in those
negative for GAD Ab (40.0% vs 10.1%, P < .0001). When
AITD patients positive for GAD Ab were divided into 2
groups according to the titer of GAD Ab, a high-titer group
and a low-titer group, so that each group contained
approximately the same number of subjects, the prevalence
of diabetes mellitus was significantly higher in the high-titer
group than in the low-titer group (64% vs 16%, P = .001).
When the clinical characteristics of AITD patients with
diabetes mellitus were compared between those with and
without GAD Ab, age at onset of diabetes mellitus was
significantly younger, BMI was significantly lower, and
hemoglobin A}, (HbA ) level and the frequency of patients
treated with insulin were significantly higher in patients with
GAD Ab than in those without (Table 2).

To study the positivity of other islet-related autoanti-
bodies, we measured IA-2 Ab in patients who were

100,000
§ o ¢ Diabetics
g 10,000 | . o Non-diabetics
Y L ]
172}
= 8
g 1000 - L
e o8
2 oe
=2 100
o) B
= ol
a 10+ aup
< 4 3
o . g, % 2
AITD Non-AITD Healthy control

subjects

Fig. 1. Titer of GAD antibodies in antibody-positive patients with AITD,
patients with thyroid diseases of nonautoimmune origin, and healthy
control subjects. Closed circles, patients with diabetes; open circles,
nondiabetic patients.

Table 2
Clinical characteristics of AITD patients with diabetes mellitus relative to
positivity of GAD antibodies

GAD Ab (+) GAD Ab (-) P
(n = 20) (n = 83)
GAD Ab titer (mean U/mL) 3176.8 (1.9-26100)
(range)
Graves disease/Hashimoto 17/3 42/41 .006
thyroiditis
Age at onset of diabetes (y) 43.2+10.2 533+142 .004
BMI (kg/m?) 204+38 24.1+438 .002
HbA,. (%) 8.8+23 7.0+13 <.0001
Treatment with insulin 85.0% 14.4% <.0001

Fisher exact probability test for number of patients and Student ¢ test for
clinical parameters.

positive for GAD Ab. Among 44 patients with GAD Ab,
12 patients (27.3%) were also positive for IA-2 Ab. When
positivity of IA-2 Ab was studied relative to the titer of
GAD Ab, all 12 patients with [A-2 Ab had a high titer of
GAD Ab (mean, 1439; range, 15.7-7310 U/mL). The
prevalence of diabetes was significantly higher in patients
with both GAD and IA-2 Ab than in patients with GAD
Ab alone (75.0% vs 31.2%, P = .016).

To study the impact of age on positivity of islet-related
autoantibodies, AITD patients who were younger than 30
years (n = 99) were compared with those 30 years or older
(n = 767). The prevalence of GAD Ab in younger patients
was not significantly different from that in older patients
(4.0% vs 6.0%, NS).

3.2. Genetic background

The frequencies of the DRBI*0405 and DQBI1*0401
alleles and DRBI*0405-DQB1*0401 haplotype were signif-
icantly higher in AITD patients with GAD Ab than in those
without GAD Ab and control subjects (Table 3, Supplemen-
tal Tables 1 and 2). When HLA in AITD patients positive for
GAD Ab was compared between those with and without
diabetes, the frequencies of haplotypes known to confer
susceptibility to type | diabetes mellitus in Japanese,
DRB1*0405-DQB1*0401 and DRBI1*0901-DQBI1*0303,
tended to be higher and those of haplotypes known to
provide protection against type 1 diabetes mellitus in
Japanese, DRBI1*1501-DQBI1*0602 and DRBI*1502-
DQOBI1*0601, tended to be lower in diabetic patients than in
nondiabetic patients (Table 4). The frequencies of genotypes
with 2 doses of susceptible haplotypes (DRBI1*0405-
DQB1*0401 and DRB1*0901- DQOBI1*0303) were signifi-
cantly higher in diabetic patients than in nondiabetic patients
(52.6% vs 17.4%, P < .05). The frequencies of genotypes
with at least 1 dose of resistant haplotypes (DRBI*1501-
DQBI1*0602 or DRBI*1502-DQBI1*0601) tended to be
lower in diabetic patients than in nondiabetic patients (5.3%
vs 30.4%, P = .05) (Table 4).

The frequencies of the DRBI*0803 allele and
DRB1*0803-DQBI1*0601 haplotype were significantly
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Table 3
Frequency of DRBI-DQBI haplotype in patients with AITD with and without GAD Ab and control subjects
DRBI-DOBI AITD Control P (Pc®)

GAD (+) GAD (-) (n =230} GAD (+) vs GAD (+) vs GAD (-) vs

(n = 42) (n = 158) GAD (-) control control
0101-0501 1(2.4) 8 (5.1) 37 (16.1) NS .01 (NS) .0009 (.013)
0403-0302 1(24) 11 (7.0) 939 NS NS NS
0405-0401 25 (59.5) 50 (31.6) 67 (29.1) .0009 (.013) .0001 (.0014) NS
0406-0302 0 (0) 11 (7.0) 14 (6.1) NS NS NS
0410-0402 3(7.1) 8(5.1) 6 (2.6) NS NS NS
0802-0302 1(24) 6 (3.8) 4(1.7) NS NS NS
0802-0402 4(9.5) 3(1.9) 9(3.9) .04 (NS) NS NS
0803-0601 7 (16.7) 44 (27.8) 32 (13.9) NS NS .0007 (.0098)
0901-0303 14 (33.3) 31 (19.6) 59 (25.7) NS NS NS
1101-0301 0 (0.0) 13 (8.2) 11 (4.8) NS NS NS
1201-0301 124 9(5.7) 16 (7.0) NS NS NS
1302-0604 1(24) 13 (8.2) 27 (11.7) NS NS NS
1501-0602 4(9.5) 26 (16.5) 20 (8.7) NS NS .02 (NS)
1502-0601 4(9.5) 21(13.3) 54 (23.5) NS .04 (NS) .01 (NS)
Others® 9(21.4) 46 (29.1) 75 (32.6)

Data are number (percentage) of subjects.
* P value corrected for number of haplotypes tested (n = 14).
® Haplotypes with frequency <5% in each group.

higher in AITD patients negative for GAD Ab, but not in
those positive for GAD Ab, than in control subjects (Table 3,
Supplemental Tables 1 and 2). When GAD Ab-positive
patients with and without diabetes were compared, the
frequency of the DRBI*0803-DQOBI1*060] haplotype was
significantly higher in nondiabetic patients (30.4%) than in
diabetic patients (30.4% vs 0.0%, P = .009) (Table 4). The
frequency of the DRBI*(0101-DQB1*0501 haplotype was
significantly lower in AITD patients negative for GAD Ab
than in control subjects.

The SNP rs3087243 (+6230G>A) of CTLA4 was
significantly associated with AITD. The frequency of the
G allele was significantly higher in AITD patients than in
control subjects (odds ratio, 1.41; 95% confidence interval,

1.07-1.87; P =.016) (Supplemental Table 3). No significant
difference was observed in the frequency of the CTLA4
genotype between AITD patients with and without GAD Ab
(odds ratio, 1.12; 95% confidence interval, 0.58-2.19; NS).

4. Discussion

The present study demonstrated that the prevalence of
anti-islet autoimmunity as assessed by GAD Ab was
significantly higher in patients with AITD than in healthy
control subjects. The AITD patients with GAD Ab showed a
significantly higher frequency (40% vs 10%) of diabetes
than those without GAD Ab; and this was more pronounced

Table 4
Frequencies of DRBI-DQB1 haplotypes and genotypic combinations of haplotypes in AITD patients relative to GAD Ab and diabetes status
DRBI1-DQBI GAD (+) GAD (-) Control P value
DM (+) DM () EE): 1%4) E’E))‘ 230} AvsB AvsC AvsD BvwsD
@ =19) (A) (n = 23) (B)
Haplotypes
0405-0401 13 (68.4) 12 (52.2) 50 (31.6) 67 (29.1) NS .002 .0004 .023
0802-0302 0(0.0) 1(4.3) 6 (3.8) 4(1.7) NS NS NS NS
0803-0601 0 (0.0) 7 (30.4) 44 (27.8) 32 (13.9) .009 008 NS 036
0901-0303 9 (47.4) 521.7) 31 (19.6) 59 (25.7) NS 01 NS NS
1501-0602 0(0) 4(17.4) 26 (16.5) 20 (8.7) NS NS NS NS
1502-0601 1(5.3) 3(13.0) 21 (13.3) 54 (23.5) NS NS NS NS
Genotypes
S/S 10 (52.6) 4 (17.4) 13 (8.2) 18 (7.8) .02 <.0001 <.0001 NS
S/X 7 (36.8) 5@21.7) 52 (32.9) 76 (33.0) NS NS NS NS
X/X 1(5.3) 3(13.0) 47 (29.7) 64 (27.8) NS .03 03 NS
P/Y 1(5.3) 7 (30.4) 46 (29.1) 72 (31.3) .05 .03 .02

Data are number (percentage) of subjects. S indicates haplotypes that confer susceptibility to type 1 diabetes mellitus, DRBI*0405-DQB1*040] and
DRBI1*0901-DQBI*0303; P, haplotypes that provide protection against type 1 diabetes mellitus, DRBI*1501 -DOBI*0602 and DRBI*1502-DOBI*0601; X,

haplotypes other than S or P; Y, any haplotype.
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in patients with a high titer of GAD Ab, as shown by the
prevalence of diabetes of 64% in the high-titer group as
compared with 16% in the low-titer group. Diabetes in AITD
patients with GAD Ab was characterized by younger age at
onset, lower BMI, higher HbA ., and higher frequency of
insulin treatment than that in patients without GAD Ab,
suggesting that diabetes in AITD patients positive for GAD
Ab shows the clinical features of type 1 diabetes mellitus.

The prevalence of GAD Ab in patients with AITD was
5.8%, which was significantly higher than that in healthy
control participants in this study (2.1%) as well as the
previously reported prevalence in subjects with normal
glucose tolerance (0.6%) [23]. In particular, the prevalence
of GAD Ab in patients with Graves disease was much higher
than that in control subjects (7.1% vs 2.1%, P < .0019) and
was similar to the prevalence reported for Graves disease in
previous studies [24-26]. The prevalence of GAD Ab in
Hashimoto thyroiditis, on the other hand, was slightly, but
not significantly, higher than that in control subjects,
indicating that the increased prevalence of GAD Ab in
AITD in the present study was mostly due to its increase in
Graves disease.

In addition to positivity, the importance of the titer of
GAD Ab was indicated by the marked difference in titer; but
the prevalence of GAD Ab positivity was similar in AITD
patients and patients with thyroid diseases of nonautoim-
mune origin in the present study (Fig. 1). None of the
patients with thyroid diseases of nonautoimmune origin
positive for GAD Ab showed a titer higher than 10 U/mL,
whereas 23 (46%) of 50 AITD patients positive for GAD Ab
showed a titer higher than 10 U/mL. None of the GAD-
positive patients with thyroid diseases of nonautoimmune
origin developed diabetes, whereas 40% of GAD-positive
AITD patients developed diabetes. Even within AITD
patients, the frequency of diabetes correlated with the titer
of GAD Ab, with a 4-fold higher prevalence in the high-titer
group than in the low-titer group. The titer in healthy control
subjects positive for GAD Ab was also less than 10 U/mL
(Fig. 1). A high titer of GAD Ab (>10 U/mL) was previously
reported to be a marker for activated T-cell response to S-cell
destruction and a high risk for progression to insulin
dependence in adult-onset patients with diabetes mellitus
[14,27,28]. These data indicate the importance of the titer in
addition to positivity of GAD Ab in evaluating anti-islet
autoimmunity and S-cell destruction in patients with AITD,
as in the case of patients with adult-onset diabetes mellitus.

In addition to a high titer of GAD Ab, positivity for
multiple islet-related autoantibodies has been reported to
more strongly predict insulin requirement in adult diabetic
patients [27]. Among AITD patients positive for GAD Ab in
the present study, 27.3% were also positive for [A-2 Ab. The
frequency of diabetes was significantly higher in patients
with both GAD and IA-2 Ab than in those with GAD Ab
alone. All AITD patients positive for both GAD Ab and [A-2
Ab had a high titer of GAD Ab (>10 U/mL). These data
suggest that AITD patients with a high titer of GAD Ab and/

or patients positive for multiple autoantibodies are at risk for
the development of diabetes. Because the present study is a
cross-sectional study, prospective studies on diabetes and -
cell function in AITD patients positive for GAD Ab are
necessary to further clarify whether or not nondiabetic AITD
patients positive for GAD Ab develop diabetes and progress
to insulin deficiency.

Genetic analysis of HLA in AITD patients with GAD Ab
showed high frequencies of haplotypes known to confer
susceptibility to type 1 diabetes mellitus and low frequencies
of haplotypes known to provide protection against type 1
diabetes mellitus, indicating that AITD patients positive for
GAD Ab differed genetically from those negative for GAD
Ab, showing HLA genotypes typical of those in type 1
diabetes mellitus. These data, together with the clinical
characteristics of patients with AITD positive for GAD Ab,
suggest that AITD patients with GAD Ab have the genetic
and clinical characteristics of type 1 diabetes mellitus.

The DRBI*0803-DQOBI1*0601 haplotype was associated
with AITD without GAD Ab, but not with AITD with GAD
Ab, suggesting that the DRBI*0803-DQOB1*0601 haplotype
confers susceptibility to autoimmunity against the thyroid
gland, but not anti-islet autoimmunity. The association of the
DRBI*0803-DQB1*0601 haplotype with Graves disease has
previously been reported in Japanese [4,18] and Korean
populations [29]. In contrast, the DRBI*0405-DOB1*0401
haplotype, which confers susceptibility to type 1 diabetes
mellitus, was associated with AITD positive for GAD Ab,
but not with AITD negative for GAD Ab, suggesting that the
DRBI*0405-DQOB1*0401 haplotype is associated with anti-
islet autoimmunity in subjects with as well as without AITD.

In addition to HLA, CTLA4 has been reported to be
associated with both AITD and type 1 diabetes mellitus.
Previous studies showed that the association of CTLA4
with type 1 diabetes mellitus was concentrated in patients
complicated by AITD [9]. In fact, it was suggested that the
weak association of CTLA4 with type 1 diabetes mellitus
may be secondary to the strong association of CTLA44 with
AITD and the high frequency of AITD complicated by
type 1 diabetes mellitus. In the present study, CTLA4 was
associated with AITD as a whole; but no association with
GAD Ab positivity was observed in AITD patients. These
data further support the possibility that CTLA4 is primarily
associated with AITD; but the contribution of CTLA4 to
anti-islet autoimmunity and type 1 diabetes mellitus is
weak, if any.

In conclusion, the present study demonstrated that the
prevalence of GAD Ab was high, 5.8%, in AITD patients,
and in Graves disease in particular (7.1%), and that 40% of
these patients were diabetic, with clinical and genetic
characteristics suggestive of type 1 diabetes mellitus,
suggesting that AITD patients are prone to develop S-cell
autoimmunity and insulin-requiring diabetes, in particular in
those with a high titer of GAD Ab and/or positive for both
GAD and IA-2 Ab. Prospective follow-up studies in
nondiabetic patients with AITD positive for GAD Ab are
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necessary to clarify the factors contributing to the develop-
ment of diabetes, S-cell destruction, and insulin deficiency.
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3,0228NPs ® I — LV % 7R ¥, (b)QC call rate #°86% %* | [a]
272 198 Bk & Bl vy THE S 7z 4 909, 622 SNPs ) I — L %
RTo (¢)QC call rate # 8B L LTARRTF— 5 2BRELLHED
184 #efh & Fl v TEIE TR 2 e L 72B o 4 909, 622 SNPs 0 I
—VEERT,
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QC call rate 75 86% % T [0l A RARI% 200 kD 9
2METH -7 (K2(a)), H\V>T, QC call rate %
86% % L[l - 72 198 # & % F v» T Overall call rate
FRELIEZ A, F199.58% & o 7-(E 2
(b)) o

Birdseed 7 VTV A A2k 5
ETE 7 B s TR e 7 i

K% SNP 7= 2O hH) 7/ 274 FHEE
SHIZBWT, ¥V 725 —=DEETEL 55
Ptk B I T A D 5 ) 2 TRELEEL 25,
%2 T, SNP Array 6.0 IZ##B & 7-4£ 90 FE®
SNP I22WT, TX5721F% { ® SNP &z
% EHECIRET HLEND S, RIZFRREICH
% Birdseed 7V T AL DR MA2DIZ, H
RKANEEE 198 KD F 225 T v ¥ 412 12 Bifk%
BIRL, 20O RBEEELAOORL BT VTN
¥4 X (12, 24, 36, 48, 72, 96 BfK) THE L 72
BT %E, 198 AETHRE L BEORIETFRE L
LW, ZOME, 12REZT TRETFREZ R
€ L 72 B2 @ Overall call rate i 34 99. 84% (99. 62
~99.92) & 2 Y, MARFL AT 2 T\ < & Overall
call rate [T TA%Y, 198 MAETHE L 72BIZITTFY
99.71% (98.07~99.89) & 7%z » 72 (R 8), — F, 12
AR 721 Ty L7 BT L 198 Bk Tl L7z

$ 6% JHET— 5T

SBETF R % HBg L 72 B8 0 — %% (concordance) 1,
14 99.47% (98.37~99.67) L & K L, T
P A AHRKELRBICONT—HEREFZERAL, %
BRAETHEHETFRELRE LCEO —HFIFY
99.87% (99.40~99.92) & %2 - 72 ([0 3) s Z D iR
# &, Birdseed 7V Y A LI3H v T A XHT
NELTHEETFRERETEZEDOD, BV A
VO rBEZEL-DIZIELL DY Y TV ERHWT
BIETFRIARET ALEVDHD I LWFho72,

Birdseed 7V I X 412 & BT RREICS
WT, ¥ 7N A XH5KE % 51221 T Over-
all call rate DKL 2B EWIHAHROFER & L T,
QC call rate>86% & V9 BETIZ+HIIART —
FRBMDBEITTwWianwknw) 2 erELZLNS, H
ANEEE 200 RED Y A4 ¥ ZfERP S QC call
rate & Overall call rate & DR IZIZFRWHBE S 5
ZEDSH o272, QC call rate DRE % L Bk
LLLTARBRT— % OBELIT o720 QC call rate
DBMEZ 95% & ¥ 5 & 188 Ml M % LA b,
Overall call rate &3 99.65% (95.66~99.92) & 7
o7z, LA L, BRLWEER /SR LZBIROHIZ,
Overall call rate 2 & D L 2 2 b DR L N7z,
ENHESHICKHIAL, REMICTXTORKET
Overall call rate 2 LR T2 F TARRE T — ¥ Dk
BRDELAE A, 184 HAEDFRD, Overall call
rate 3 F 49 99.71% (98.87~99.92) & 7% - 7= (H 2
(e))o

99.0

n=198 =96 n=T72 n=48 n=36 n=24 n=12

1 Overall call rate

HUETF B — oK

E 3 Birdseed 7LV X LICK 2 BEFRREDEE
AARNMEREZ 198 BREOHHE T ¥ ¥ 412 12REEBRL, 20 2EkrED
KOORLE LY T4 X(12, 24, 36, 48, 72, 96 #fk) Tk L /BB F
Rl %, 198 BRIETHE L-BOBZFRI L B L 72, &Y 7t A XCTHIETF
% g L7BE O 2 0 12 Bk Overall call rate B X VN {z 15 — B (concor-

dance) ¥ 7",
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1R EER

HARANZ XS & L7 SNP Array
6.012& % GWAS OF Mk

HANEEE 184 BIED SNP 7 1 ¥ > 7 D f5 5
75, SNP Array 6.0 |Z#5# & 117242 909, 622 FE D
SNP @9 5, #20% ZH243 % 180,859 SNPs 128
WTEEBAR NGV ESHONE o7, F
72, BIEFRIAHRE SN SNP OHIZIZY 1 ¥
FREOEWSNP KF—HainTsl), Tnb60
SNP 3 HEMEOREFO—2Il b L EZ bR
Bo THIZDOWTIE, ¥4 F— 7 Y IVHE (MAF),
N=F 4 — T 4 ¥ N— 7 F 1§ (Hardy-Weinberg
equilibrium ; HWE) 3 X 0F SNP call rate (% SNP 2
DWW, YAV T LIeRED ) bBETR %
ETELBREOEE) ZWELLT, ¥ A1 7H
BEDOFE SNP ORI D2 T4 2 L5 TE D,
55 OMHTTIX, MAF>5%, HWE p fE>0.001,
SNP call rate >95% % iifi 7= 3 SNP %, 590, 248 SNPs
&b, £7-, MAF>1%, HWE p f>0.001, SNP
call rate >95% 7% {ifi 7= 9 SNP iZ 661, 559 SNPs & 7%
o770 TOHKSITEDSNPIZE Y b M7 ADHy
75% % hN—=TE5HZEHh5, HAANIZBWVTY
SNP Array 6.0 & i\ 7247 L7 4 FEEBTSE
HThrZ LoifFshs,

1"

WEHHEEDOHKET—sN—2A7ad 2y b ]I
BWT, EFHLIISNP ¥ 1 ¥V 77— % D¥ikk
WeEHNERLMAEBOBREAELERLT, H
RKNBEBDT — 5 2B L-EHESNP 77— & X
— A, BARNEEZED I —HEZH(CNV) B4 L
72CNV F— 7 N—2A, BXUF ) 574 FHER
WoF— 4% ~X— 2 (GWAS-DB) #HiE L T 52,
GWAS-DB (%, fFEMRE, mBEHEHEL EoF#mE L
b, BITEBEEST ) VEE, &UBEHREH#
MroMREZBEHFEL WD, $72, GWAS-DB Ix SNP
EIFTHLE~A270% 754 bR ONV D% EBHE
R OFER OB - MET22L05CE, =7V
TR ONV 72 E OB L BISHEHRIT O R4 &
REDLETHHILT 2L KR T 5, AR

SNP ¥4/ TF—4D
FRY v b

SNP DEfi% ZHNICEIRTE 2 L9, HEOHK
BIDSER L-FA—EBOF—%, BIU, Bhs7
T b7 A — LOBITFERZ LB LD, X 5T
EiTo7: )T AR ERL, FEMHRUAICHFHE
LR TWnTF— I R—ADOHETHIEL TS,
KR T Y A Er 7 Lz HRAREE 200 kD
SNP f5#ki%, HE#ESNP 7 — & R— R [TBSF E N,
BIRFRMBEEST ) VHE L o B RBHRIIAR
ENTWwE, /2, SRIY A LIzBARNEE
ZE200HEDOT— 513, ST EERERTEELL
RELZGWASIZBWTHED Y ho— VEH
ELTHWOND Z IS NG, 2T, &4
LOMBEETITozF VAL Ty —%fH e L7
GWAS D5 % b GWAS-DB (2B & S h, MIZHKET
T OFERS DB STV 5,

Is.

EEHOIIT LT A4 FEESTH D VIET /LT
A FEAESATIC &L o TR S 72ERHFEBICB W
T, F—RNLEBETERETSRELFET 7
9 (#Y AH) 2T B A & LT DigiTag 2 i % f§
3 L 7228 DigiTag 2 i 1%, SNP ® #& & + i %
DCN (DNA Coded Number) & FF33 4 1) T DNA ~Z5
BLTINVFTL Y Z7ASNP ¥ A ¥ 7 %479 (B
4), DCN(H 4, EDB LU DD I3WEM, L3
FNCHEDS - L 2 b L) ICREI Lz 23R ED
4 1) TDNA T, DCN 235 Z &1L ) EfER
DNASFRIEZ4TS 2 LA WEE L & B, 72,
DON (MR & 7 % SNP 12a L CHBIZE D 4
THIENTELD, HRERIH5SDNA F
v T RIRAEE TIHBIERTE 2 v
I ERF o TwA, T/, BITTHRE %D SNP
Bl rbo o) FRIBICHAVDEET T A
T 2EETELI L ALK I ANTSNP ¥ 4
Y7 adt) LAkt 2 5,

DigiTag 2 13 32 b L <136 HEDSNP %2 1 +
v M & L CHBEFIBIZSNP 7 4 ¥V 7 %479,
INFETILVLCOPDOERTER LR E LD
A B EHT % DigiTag 26 THTvy, TR E L7
SNP DK QETH AV IR 2B LN TE,
F72, FH#99.48% L\ VO — )V E TSNP ¥

RERZMEEFOREZHNE LT
BBl SNP & A€ > 7 Hiffi - DigiTag 2
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$E5F KT — 5T

/1. Target preparation (5h) h ’/3 Ladeling (4h) )
47"/ LDNA 25 ng Cy5-ED-2 ‘!;‘
Bl ————— *g
"m*—x— DIL_i
Cy3-ED-1 \] -
ﬂv)b—f-'fl/*y&XPCR 3“
= — == == —
SNP-1  SNP-2 SNP-i  SNP-n ﬂ FEXTHEEIPCR
hS \
~e S—
/2. Encoding(1h) N Ky
w 5'query probe rD1_i //
ED-2* Y
e query probe -
ED-1* 4. Detection (1h)
T _~1DL —
" B @M
r——— et ﬁumu
n a8
SNP-i B
Q&54f—737 Lo d]
TEEU
e FLEDNAT » T~
\\ S / NATNFAE—=L ar )

K4 DigiTag 2 :EOEE (O#E—5 M)
DigiTag 213, ¥ —% v M3FAE, zva—F, XY 07, REONOO TR THER S NS, 5
query probe 12137 Y MIZxHiE LT 2 30 ED(ED-1, ED-2) 2 f#imL, % 7:3'query probe 213 SNP 2
JELTDL(D L) #f4nd %, ED BL U D1 i3WE, {LFEMMEEL—RRE 25 &9 IZRRETL 72 23 3
FDA 1) TDNA TH 5, EFIFHHHETD 5HE IIIEHNBFROFNII " 21 72,

AU TRIT2 AT EPHL N E % 272, DigiTag
2IERBVERIETSNP M ¥V T 247252 L
N, T ATA FEEGTSDNIET S LT 4 F
BE TS & o TR S - BEREEISIC BT 580
A RIEHNT 2 REMIAT I EAR L L THESLT 5 2 &A°
rFEans,

90 HfELL LD SNP & —ZZ¥ A ¥ I TE B
MOERLIZ L o T, FERIIHFLEL 2o LA,
Oz e b ASRIERGRONERALE 2o
2o LALZHELFEEZ, bhbhidIBonhs
BARERERE T FIERTEL /9N T 2Ho
TWhWnZ EHEHLTBE 2V, EELOHEL
ToAEEHENT Y 7 b 2 TU3E 4 @ SNP 12D Wi
BESIHEITZ L2500, N7T05 LT IZDo0VTH
MESTIETE v, TIROV 7 b7 27128, R
FELREB TN IOy 4 THEGHTELHDIEH

5500, 7 AEBIIDo T—FIIFHTE5
bRz, 72, ¥4 ¥V LizBtkodizidim
BEARICHLDDORBEOEE 2 EVEEN TN
TR S 2, MBBDIEETNTVD T &G
DHEMFIZD%DH I EVMLENTEY, TNHDH
AN ICABY 2 RAELZ I R 2 &b EOKRERH
WIEETERRIETA72OIIEEEL 25, 512,
SEOBREKIZOVWTHLNY ) L7 A4 KL
B s, chEtedmohTtunirozHlv
BIZF/ BIZTFAHAELERS RV SN A TEE S
bo LALEESRDH, EROMKEHFHFERLTH
TVIT)ALTE, ZOLHEKET—% %FEH
BIZMBTE 2V, TOLHIZ, /474 FEH
BATERIINA A v T+ T4 7 ACEDL S F
SELEB L o THERICHET 2S5 K OREER
LT NBEEDIZ, ZOEHRICL o THRERICE
WEDEDPLEEE L0 LTLNBITEVR WV,
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¥/ LA REERERIC &SRB
BinT - EREEEIEFORE

fEKBL
Katsushi TOKUNAGA
RRAZAZREEFRAMRM ABERGEE S FEEE

T F
& :
% - -
‘1. BUBIC
& B
. a

WEDBEEFDERNECHERTHEEIIHE DL
REILEERE-FETERE LRSS, 5 T
BEULdHLLEREINDE - FTE4DERFIIE
V. TR EIENEERIC, AREERETEILOHE
ILCAMET A H D Sz & (common disease)
BERFHDLVITEAREBIRSN, e 2B
HRDOAL 6T, ZHROBEFEERIEL->TWAEE
ZAbA. ZOL) LBREENYHETENG,
PBIRIE ) X 7 OFW, FERFEOME, HEEO
ﬁ“ FICIETFHICEITRYEDZ EBHIFEXNS

, BADBETO) R BEL RV DIIF DN

_1%’7<®[ﬂ§ﬁ73‘%ot. L LA, BED
T/ ARE -HEHMOESRICIVREEZ-EL T
5. ZITREAXHIFOMBEE RO, FHarENE

WMITFNRIZE EDDD, FKBRIEREFREA
INEEBETE T/ 228HI OHEET HHREOHIR
rowfﬁﬁ?%.
: 2 BEF77O0-FE
&/A'?(Hﬁ%ﬁ :
ﬁ%%%ﬁ CHESTAREFAESDT, L0
A 20tk (RIEE) 1T B BEFORIEL BT

HFoEsms s, BHaRETF7 7u—FL 7 A&l
DT 7Ta—FIIKFEIhE, §iHiZ, #EINLHK
B O S TFRF BT 7V O 2 BT KT
WTRIRENBEEFICONWT, FOER - R
BEBEICZVNE ) PRI T 5. HEEAICHCS
nf%t&%fbb,ﬁﬁimh%7zr—vsy
RNRAT 2 A 2y bT =7 EROERIEA T

HIENS, HEREORYECTHRABENETE
[ETXHEETH 5.

—h, BEBIXT ) AEBEHNN—TIEBROEH
Y= —EZHOTREEEFNET 2 fT) 2 LItk
D, KEBEAERTFZHERT LS. ZOBBORKD
ML, A OHFR - FHRIE L h o R B/IE
FTOBREPRAINBTRETHE. LHRFEEIC
HLTEILBEWONY ) AEBEZRED, BAR
Fa it (affected sib-pair) % 3T & & -3 5 8 85 82 47T (link-
agestudy) THh5b. Lo L, LHOEEFaxHE
PNERTAHAILEIBESTERL, RlHDES R E
PHBRONTEELPESN T o7,

g 7/ L7KBERIE(GWAS) 0
T ER

wesh .

2006 S LARE, REMERRETFOEEFEEHL
WEREAZ, Chedb b LAERAKERIE 2
DEBEFETHL, TTIEHRERLE LT, dbSNP
*° HapMap FtE*TRERINE X IHIZ, v b5 7 4
ERIZ D7 B R EHEIERIER I N TE .
RICEMmAER L LT, B+ J5 %O SNP(single
nucleotide polymorphism ; E—IE# L 8) 2 H T
DFREIZOWTIRINTTE LTIy b7+ —LHHR
t3niz. INLEFHTAHIEICE-T, ¥ /74
7 4 ¥ B #E ## #7 (genome-wide association study ;
GWAS) W E A B 2 8B & 2 1, 2007 4 12 i
% I THRITICERENER S
NhHZ&&holz. ZDHD, GWASIZ X 5 £
EROBZUBEFORERLT v 2 ZIZBZ RiES
bOVH 5.

B
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% HapMap FHHEICOWTOHIEMSI, 414 HEHR.
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&1 KCNJ 15 OBEILIER 2

. Re

HwE 1,700

ERE 1,568
JERC B (1) 875

FERLH A ()Y 285

a) IEMIIEA (1) RE | BRTRHCILH C /a0 2B (BMI<24).

b) IR EE (L) B | ST TS o722 £ %W EH (BMI<24).
3ODWIML T BER - REEHRR Ly PEGELLEERT.

GWAS OFREMHEE ZRED 105 2 BIBERR
Thb. 2001 EIBEOBKKD 7NV — T bREE
ENTERE, IO BTASREDO GWASIZE
IR HDTHY, &b T AU LELORSHER
FARRESN, TORELEBFRICAVWZEINL
BEFTHo72.7Y B208FEIITFDIKRTV—
THIE T X FFEHET, B 6 EOHBRESE
BIZTFZRZELTWA. BADPL D 22002 T
W—TH, FRBIET KCNQT HHwE LMY F 4
HFD—FDT N —TFIZBWT, KHREESNP AT
D—EREHY L 7.

FRAIRE, GWASTR R/ AT F&E
BT I X o TR SN BRI b BB R
DAREZ LIk o T, FiEEERET KCNII5
ZRIE LD EIREWT 12, RwZa3h/iz) A
TT UM 2 BERFEEEARL ) SE/TLVE
ZL I EEEZRLE. 205, BMI(body
massindex) 2524 BL B o722 L D WEET
i, v AHHMF25WELAL(ED. BETEW
QBIBRFKEEIX, BAZII LD T VTHEIIIZS
VARCKEEIICIZIZEA VWY, R, Fro—
y OFFEHEZICINE, RniZshizy A7 Tl
VOBEIZ1% UTTho7z. BERENT LI, T
DBIETEIA Y A YEAOHBENCEDLLBEF L
EZzoh, HBICEMEROL A YEEFEIZH
F iz FoLfEEshA (K1),

RENZBRETHLFT VIV TV —DORIEIC
b, A ML AR EOBRBEERIZIMZ TEHDOREE
HAEbhBEEZONS. %k, BEEREL LTE
EFLTWADIZHLA-DQB] BIEF DA TH o727
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("2).? 2OV A7 7 U VEWEEFOREHL
NVEBELA(KS). &b, A¥r7+—FK
FHRLETHEBRENE SV —TDOGWASIZ
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ERUZHIA L3, SRR T 5 RIZELE
HZ2FHETAERTHAIEDTHMONT WA, Th
LORBENL, BAZFNVILTY—REICIDE
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F V) EAMRICT 2 HORE, ROEHR®R
ks vida) YHROBREHFES LD LH#E
ELTWA,

—132—



-log,, (P value)
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RAMEMEKDPO MANA RIELAILE LU )91 1 PCRIETERLE.
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