
Abstract Although the HLA class II alleles and immuno-
logical abnormalities are associated with type 1 diabetes
mellitus (T1DM) in all racial groups, there are consider-
able variations in the genotypes and the prevalence of
autoantibodies. In order to investigate the characteristics
of the immunogenetic patterns and to use these as an early
diagnostic tool and guideline for a therapeutic plan, we
examined the clinical characteristics and the patterns of
anti-GAD antibody (GADA), IA-2 antibody (IA-2A),
HLA-DR and HLA-DQ in Korean adult-onset T1DM
patients. Adult-onset patients had higher serum C-peptide
levels than child-onset patients. In adult-onset patients,
the prevalence of GADA and IA-2A were 59.5% and
15.3% respectively, and increased frequencies of HLA-
DR4 and -DR9 were found. The frequencies of HLA-
DQA1, -DQB1 and -DQ heterodimers were similar to
those of the control, but child-onset patients had high fre-
quencies of the HLA-DR3, -DR4, -DR9, DQA1*0301,
DQA1*0501 and DQB1*0201 genotypes. In conclusion,
Korean adult-onset T1DM patients had a lower prevalence
of GADA, which was comparable to that found in

Caucasian patients. The detection of GADA might help to
predict the insulin dependency of adult-onset diabetes.
Difference in the frequencies of diabetes associated with
HLA type suggests that there might be a heterogeneity in
the pathogenesis of diabetes according to the age of onset.
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Introduction

Genetic and environmental factors are known to be
involved in the autoimmune pathogenesis of type 1 dia-
betes mellitus (T1DM) [1–3], and the genetic factors have
been report to contribute as much as 30%–60% to the
pathogenesis of T1DM [4]. One of the most important
genetic factors is the polymorphism of human leukocyte
antigen (HLA) on the short arm of chromosome 6 [1, 3, 5].

Among various autoantibodies related to T1DM, islet
cell cytoplasmic antibodies (ICA) are autoantibodies
against the entire cytoplasm of islet cells. They can be
used to determine the type of diabetes when measured
with C-peptide levels [6]. However, there are several
shortcomings to this method, as it is difficult and expen-
sive to measure ICA levels, and its false positivity rate is
reported to be as high as 20%–30% [7].

Both glutamic acid decarboxylase 65 and insulinoma-
associated protein-2 are two important islet-specific
autoantigen components of ICA. The simultaneous meas-
urement of these antibodies was used as an alternative to
ICA, and the sensitivity and specificity of diagnosis was
increased accordingly [8–10]. However, racial and ethni-
cal differences were apparent in the positivity of these
autoantibodies [11]. In Korean and other Asian diabetes
patients, the positive rate of GADA is reported to be lower
than that of Caucasians [12–16].
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Latent autoimmune diabetes of adult (LADA) is a sub-
type of T1DM, which accounts for 20% of T1DM cases
[17–19]. Because clinical manifestations progress slowly
and typical features of T1DM do not occur in every case,
the initial treatment often involves diet and exercise or an
oral hypoglycaemic agent, as is administered in cases of
type 2 diabetes mellitus (T2DM). Immunogenetic markers
can be helpful in the classification and determination of
the treatment modality in these patients.

Thus, the aims of this study were to investigate the clini-
cal characteristics, the frequency of HLA type and the preva-
lence of autoantibodies in Korean adult-onset T1DM and to
compare these results with those of child-onset patients.

Research design and methods

Subjects

Two hundred and thirty-three patients who were diagnosed as
T1DM at Yonsei University College of Medicine between 1991
and 1998 were recruited for this study. According to National
Diabetes Data Group criteria [19], the patients were diagnosed
as T1DM with (1) fasting C-peptide levels of less than 0.6 ng/ml
on two occasions at stable state, (2) a past history of diabetic
ketoacidosis (DKA) or frequent ketonuria, (3) a body mass index
(BMI) of less than 24 kg/m2 and (4) an insulin requirement for
the control of DKA or hyperglycaemia. As controls, healthy
adults who were more than 20 years old and without a past his-
tory or a family history of diabetes were selected. HLA-DR anti-
gen typing was performed on 276 people, HLA-DQA1 antigen
typing on 106 people and HLA-DQB1 antigen typing on 104
people. The patients were diagnosed as LADA when (1) they had
anti-GAD antibody (GADA, >5 U/ml), (2) their ages at onset of
diabetes were over 35 years and (3) they did not initially (at least
6 months) require insulin. The study protocol was approved by
the Yonsei University College of Medicine ethical committee,
and informed consent was obtained from each participant.

Methods

Clinical characteristics and biochemical profiles
The onset age of diabetes, duration of insulin treatment, past his-
tory of DKA and family history of diabetes were examined.
Fasting and postprandial 2-h plasma glucose and C-peptide lev-
els were measured. Plasma glucose was measured using the hex-
okinase methods, haemoglobin A1c (HbA1c) level was meas-
ured by electrophoresis and plasma c-peptide level was meas-
ured by radioimmunoassay (Incstar Co., Stillwater, MN, USA).

Measurement of GADA and IA-2A
GADA were determined by anti-GAD RIA kit (RSR, Cardiff, UK).
Experimental procedures for GADA analysis have been described
previously [20]. Briefly, 20 μl of test serum samples was first incu-
bated with 50 μl 125I-labelled human recombinant GAD65 for 2 h at
room temperature. This was followed by the addition of 50 μl solid

phase protein A, incubating for 1 h at room temperature to precipitate
the labelled GAD–GADA complexes. After 30 min of 1500 g cen-
trifugation at 4°C, the supernatants were discarded and the precipi-
tates were counted for 125I. Sera were considered GADA-positive if
they contained >1 U/ml of antibody, which was more than 4 SD above
the mean of healthy individuals recommended by RSR limited.

The intracellular domain of IA-2 (IA-2ic, amino acids
604–979), the amino-terminus of IA-2ic (IA-2icN, amino acids
604–776) and the carboxyl-terminus of IA-2ic (IA-2icC, amino
acids 771–979) were synthesised in vitro with a TNT-coupled rabbit
reticulocyte transcription/translation system (Promega, Madison,
WI) in the presence of [35S]methionine (>3000 mCi/mmol,
Amersham, Arlington Heights, IL). The reticulocyte lysate was puri-
fied by spin column to remove free amino acids. The procedure of
Grubin et al. [21] was followed with slight modification. Briefly,
~20 000 cpm of radiolabelled polypeptides was incubated with 3 μl
of a serum sample overnight at 4°C on a rotating platform in 100 μl
precipitation buffer (20 mmol/l Tris–HCl, pH 7.5, 150 mmol/l NaCl
and 1% Triton X-100). Fifty microlitres of protein A–agarose (Life
Technologies, Gaithersburg, MD) was added and the incubation was
continued for another hour. After washing four times with the pre-
cipitation buffer, the beads were transferred to scintillation vials for
counting. The data were presented as an average of two different
experiments. Mean+3 standard deviation (SD) of the radioactivity
detected in 51 normal control subjects was used as the cut-off level.
The assay for the detection of IA-2A has been evaluated in the IA-2
Antibody Proficiency Test, which consistently scored over 90% of
diagnostic sensitivity and specificity for type 1 diabetes.

HLA-DR and -DQ determination
HLA-DR and -DQ typing were performed using the lymphocyte
microcytotoxicity method (One Lamda Co., Stamford, CT, USA).

HLA-DQA1 and -DQB1 determination
DNA was isolated from peripheral blood and amplified by the
polymerase chain reaction. HLA-DQA1 was analysed by restriction
fragment length polymorphism. HLA-DQB1 genotyping was done
by dot blot hybridisation with sequence-specific oligonucleotides.

Statistics
Data were expressed as means±standard deviation. The mean value
and the frequency of the diabetic and the control groups were com-
pared using the t-test, Chi-square test and Fisher’s exact test. The
correlation between two autoantibodies was expressed as the π
coefficient of correlation. Statistical analyses were conducted
using SPSS for Windows version 11.0 (SPSS Inc., Chicago, IL,
USA), and the level of significance used was p<0.05.

Results

Clinical characteristics of the subjects

Characteristics of patients
Average onset age was in fact 25.8 years of age. The gen-
der ratio was 101:132 (M:F) and the average BMI was
19.9±2.8 kg/m2. The positive rate of GADA was 59.7%,
and IA-2A rate was 17.6%.
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Characteristics according to onset age
There were no meaningful differences between the child-
onset patient and adult-onset group with respect to sex,
family history of diabetes, duration of diabetes, fasting
plasma glucose, postprandial 2-h glucose or HbA1c
(Table 1). But the adult-onset group had a lower incidence
of ketonuria (67/123 vs. 65/94, p=0.04) and a higher BMI
(20.4±2.9 vs. 18.0±2.4 kg/m2, p=0.036) compared to those
of the child-onset group. Also, fasting and postprandial 2-
h C-peptide levels were higher in the adult-onset patients
(0.66±0.43 vs. 0.53±0.35 μg/l, p=0.047; 0.88±0.77 vs.
0.68±0.45 μg/l, p=0.0001, respectively) (Table 1).

LADA patients
LADA patients accounted for 15.0% (35/233) of the
T1DM patients. Compared to acute-onset patients in
adult-onset T1DM patients, LADA patients showed no
significant differences in age, sex, family history of DM,
BMI, or the duration of DM, plasma glucose, HbA1c and
history of ketonuria. However, they experienced onset
later (33.5±11.3 vs. 41.3±13.4 years, p=0.004) and had
higher fasting and postprandial 2-h C-peptide levels
(0.55±0.32 vs. 0.83±0.58 μg/l, p=0.002; 0.43±0.04 vs.
1.25±1.21 μg/l, p=0.001, Table 2).

Immunologic characteristics based on the GADA and IA-
2A positivity

GADA was positive in 59.7% (114 of 191) of all T1DM
patients, 59.5% (66 of 111) of adult-onset patients and
60.0% (48/80) of child-onset patients. The GADA positiv-

ity was not different according to onset age or sex. On the
other hand, the total T1DM patient group showed an IA-
2A positivity of 17.6%, while child-onset patients showed
19.8% and adult-onset patients 15.3%. There was no sig-
nificant difference in the IA-2A positivity according to
onset age or sex. The positive rate of the GADA and IA-
2A had a tendency to decrease with a shorter duration of
DM, but this was not significant. Among the total T1DM
patients, the concordance rate of these two autoantibodies
was 52.2% (58/111) and π coefficient of correlation was
0.26 (p=0.004).

When we compared the clinical characteristics of 66
GADA-positive patients with those of 45 GADA-negative
patients in the adult-onset patient group, no differences
were found in family history of DM, frequency of
ketonuria and BMI. However, the GADA-positive group
had shorter duration of DM (9.7±4.3 vs. 7.9±3.5 years,
p=0.034) and significantly higher fasting and postprandi-
al 2-h C-peptide levels (0.74±0.50 vs. 0.48±0.22 ng/ml,
p=0.002; 1.02±0.96 vs. 0.65±0.40 ng/ml, p=0.022).

Distribution of HLA-DR and -DQ antigen type and the
HLA-DQ genotype

HLA-DR and -DQ antigen type
On comparing HLA-DR antigen type with the control
group, DR3, DR4 and DR9 were found to be present at
high frequencies in the child-onset group. However, in
the adult-onset patient group, DR3 was not present at
such a high frequency while DR4 and DR9 were higher
than in the control group (107/276 vs. 55/102, p=0.01;
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Table 1 Clinical characteristics of childhood and adult-onset T1DM patients

Child-onset Adult-onset p value
(n=105) (n=128)

Age (years) 20.1±8.7 45.0±13.9 –
Sex (male:female) 43:62 58:70 NS
Age of onset (years) 12.4±6.3 36.3±11.8 –
Family history of diabetes (%) 24/95 (25.0) 46/128 (35.9) NS

BMI (kg/m2) 18.0±2.4 20.4±2.9 0.036
Duration of diabetes (years) 7.7±5.5 8.8±6.8 NS
Plasma glucose (mmol/l)

Fasting 9.29±2.40 10.06±2.11 NS
Postprandial 2 h 12.44±3.09 12.99±3.70 NS

Plasma C-peptide (μg/l)
Fasting 0.53±0.35 0.66±0.43 0.047
Postprandial 2 h 0.68±0.45 0.88±0.77 0.0001

HbA1c (%) 9.29±2.07 9.53±1.8 NS
Ketonuria (%) 65/94 (69.1) 67/123 (54.5) 0.04
LADA (%) 0/99 (0.0) 35/128 (27.3) 0.00001

Values are mean±SD. NS, not significant



44/276 vs. 26/102, p=0.038, Table 3). The frequencies
having a DR3/4 heterodimer or a haplotype of DR3 or
DR4, DR3 or DR9, and DR4 or DR9 were higher in the
adult-onset group or child-onset group than in the con-
trol group (Table 3). However, the frequencies of DQ
antigen types were not different from the control group
(data are not shown). In HLA-DR antigen type with pos-
itive GADA, in adult-onset patients, DR4 and DR9 were
present at higher frequencies than in the normal control
group.

HLA-DQ genotype
DQA1*0301 and DQA1*0501, which were present at high
frequencies in the child-onset group, were not as frequent in
the adult-onset group, while DQA1*0601 was present at a
lower frequency in the child-onset and the adult-onset groups
(Table 4). In contrast, none of the DQB1 genotype showed
high frequency in the adult-onset group, and the frequencies
of DQB1*0301 and DQB1*0601 genotypes were as low as
in the child-onset group. In the child-onset group, the
DQB1*0201 genotype appeared at high frequency (Table 5).
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Table 2 Clinical characteristics of LADA and acute-onset T1DM patients in adult-onset T1DM

LADA (n=35) Acute-onset (n=93) p value

Age (years) 46.4±13.5 41.1±13.8 NS

Sex (male:female) 17:18 36:34 NS

Age of onset (years) 41.3±13.4 33.5±11.3 0.004

Family history of diabetes (%) 11/35 (31.4) 36/93 (38.7) NS

BMI (kg/m2) 20.4±3.3 20.3±2.9 NS

Duration of diabetes (years) 5.1±2.9 7.7±6.1 NS

Plasma glucose (mmol/l)

Fasting 9.66±2.38 9.39±1.97 NS

Postprandial 2 h 11.71±3.58 13.53±3.58 NS

Plasma C-peptide (μg/l)

Fasting 0.83±0.58 0.55±0.32 0.002

Postprandial 2 h 1.25±1.21 0.43±0.04 0.0001

HbA1c (%) 9.0±1.8 9.7±1.9 NS

Ketonuria (%) 16/35 (45.7) 30/93 (32.3) NS

Values are mean±SD. NS, not significant

Table 3 Frequencies of HLA-DR serotypes in childhood-onset and adult-onset T1DM patients

HLA-DR Control (n=276) Child-onset T1DM (n=87) Adult-onset T1DM (n=102)

No. (%) No. (%) p OR No. (%) p OR

1 25 (9.1) 5 (5.7) NS – 13 (12.7) NS –
2 53 (19.2) 6 (6.9) 0.007 0.82 12 (11.8) NS –
3 17 (6.1) 22 (25.3) 0.0001 1.83 12 (11.8) NS –
4 107 (38.8) 45 (51.7) 0.035 1.14 55 (53.9) 0.01 1.19
5 52 (18.8) 10 (11.5) NS – 17 (16.7) NS –
6 56 (20.3) 9 (10.3) 0.037 0.88 22 (21.6) NS –
7 56 (20.3) 10 (11.5) NS – 15 (14.7) NS –
8 34 (12.3) 12 (13.8) NS – 9 (8.8) NS –
9 44 (15.9) 26 (29.9) 0.008 1.26 26 (25.5) 0.038 –
10 7 (2.5) 4 (4.6) NS – 3 (2.9) NS –
3 or 4 120 (43.5) 58 (66.7) 0.0001 1.25 63 (61.8) 0.002 1.22
3/4 4 (1.4) 10 (11.5) 0.0001 2.73 10 (9.8) 0.001 2.61
3 or 9 60 (21.7) 44 (50.6) 0.001 2.95 36 (35.3) 0.0001 2.39
3/9 1 (0.4) 5 (5.7) 0.004 4.62 2 (2.0) NS –
4 or 9 138 (50.0) 65 (74.7) 0.0001 1.27 72 (70.6) 0.0001 1.25
4/9 13 (4.7) 6 (6.9) NS – 9 (8.8) NS –

Data are number (%) of patients and control subject. p values vs. control group. NS, not significant



None of the HLA-DQ genotypes appeared at high fre-
quency in the GADA-positive, adult-onset group, and the
frequencies of DQA1*0601, DQB1*0301 and
DQB1*0601 were lower in the normal control group.

Each of the DQA1 and DQB1 alleles were classified
according to their status with respect to Arg52/non-Arg 52
and Asp 57/non-Asp 57. The expression of Arg52 homod-
imer in DQA1 was higher in the child-onset group than in
the control group. However, no such difference was evi-
dent in the adult-onset group, and the expression of non-
Asp 57 homodimer in DQB1 was increased in both the
child-onset and the adult-onset groups (Table 6).

Susceptible heterodimer, which can be formed from
both HLA-DQA1 and -DQB1, was analysed. It was dis-
covered that those with both DQA1*Arg-52 and
DQB1*nonAsp-57 alleles had an odds ratio (OR) of 1.4 in
the child-onset group and of 1.3 in the adult-onset group,
compared to those of the control group, which is not sig-

nificantly different. Those with the DQA1*nonArg-52 and
DQB1*nonAsp-57 homodimers had an OR of 2.4 com-
pared to the controls.

Among DQA1-DQB1 heterodimers, the frequency of
DQA1*0301-DQB1*0201was found to be higher in the
child-onset group, while no difference was observed in the
adult-onset group (Table 7), and no difference was found
in the frequency of heterodimer in the GADA-positive,
adult-onset group.

Relationship between GADA and the HLA genotype

In the child-onset group, patients with risk factors for
HLA presented higher positive rates for GADA than
patients with no risk factors. In particular, a significant
difference was noticed in patients carrying DQA1*0501-

C.S. Kim et al.: Adult-onset type 1 diabetes mellitus in Korea 49

Table 4 Frequencies of HLA-DQA1 genotypes in child-onset and adult-onset T1DM patients

HLA-DQA1 Control (n=106) Child-onset T1DM (n=52) Adult-onset T1DM (n=95)

No. (%) No. (%) p OR No. (%) p OR

0101, 2 43 (40.6) 14 (26.9) NS 32 (33.7) NS

0103 13 (12.3) 2 (3.8) NS 8 (8.4) NS

0201 17 (12.3) 4 (7.7) NS 14 (14.7) NS

0301 64 (60.4) 42 (80.8) 0.012 1.34 65 (68.4) NS

0501 29 (27.4) 24 (46.2) 0.021 1.34 21 (22.1) NS

0601 12 (11.3) 0 (0.0) 0.009 0.64 2 (2.1) 0.012 0.59

Data are number (%) of patients and control subject. p values vs. control group. NS, not significant

Table 5 Frequencies of HLA-DQB1 genotypes in childhood-onset and adult-onset T1DM patients

HLA-DQB1 Control Child-onset T1DM (n=50) Adult-onset T1DM (n=94)
(n=104)
No. (%) No. (%) p OR No. (%) p OR

0201 20 (19.2) 19 (38.0) 0.017 1.42 20 (21.3) NS

0301 31 (29.8) 4 (8.0) 0.002 0.69 13 (13.8) 0.017 0.69

0302 28 (26.9) 20 (40.0) NS 26 (27.7) NS

0303 20 (19.2) 15 (30.0) NS 24 (25.5) NS

0401 18 (17.3) 14 (28.0) NS 21 (22.3) NS

0402 8 (7.7) 0 (0.0) 0.05 0.66 5 (3.3) NS

0501 13 (12.5) 3 (6.0) NS 12 (12.8) NS

0502 7 (6.7) 0 (0.0) NS 5 (3.3) NS

0503 7 (6.7) 4 (8.0) NS 3 (3.2) NS

0601 23 (22.1) 0 (0.0) 0.001 0.63 4 (4.3) 0.0001 0.59

0602 7 (6.7) 1 (2.0) NS 9 (9.6) NS

0603 1 (9.6) 1 (2.0) NS 4 (4.3) NS

0604 17 (16.3) 10 (20.0) NS 9 (9.6) NS

Data are number (%) of patients and control subject. p values vs. control group. NS, not significant



DQB1*0201 (9/11 vs. 10/25, p=0.031). However, when
we compared the positive rates of GADA in the adult-
onset group after classifying them by HLA risk factor, no
difference was observed.

When we compared DR4-DQA1*0301-DQB1*0401
(DR4-DQ4) and DR9-DQA1*0301-DQB1*0303 (DR9-
DQ9), which are common in adult-onset diabetic patients,
and are homodimers formed due to linkage disequilibrium
with DR4 and DR9, no difference was found in terms of
the clinical characteristics. The positive rate of GADA
was higher in the DR9-DQ9 group than in the DR4-DQ4
group (13/24 vs. 15/16, p=0.002).

Discussion

It has been reported that adult-onset patients (onset age of
over 20) account for 50% of T1DM patients [22], and our
study showed a similar ratio of 54.9% (128 out of 233
patients). Compared to child-onset patients, these patients
had a lower incidence of ketonuria history, and many of
them showed less typical forms of T1DM. In addition,
they had higher plasma C-peptide levels, suggesting a bet-
ter-preserved beta-cell function. These findings are con-
sistent with a previous report [23], which stated that the

adult-onset patient group had a longer pre-diagnostic
symptomatic period and a higher plasma C-peptide level.

In our study, patients with LADA represented 15.0%
of all T1DM patients and this was lower than the 20%
quoted in a Japanese report [17]. Korean patients with
LADA had higher C-peptide levels than typical adult-
onset T1DM patients, implying better preserved pancreat-
ic beta-cell function. Because the onset age was later than
typical T1DM, manifestations of T1DM were likely to
appear at a later period. The gradual loss of pancreatic
beta-cell function in Korean adult-onset T1DM would
lead to an ambiguity in the determination of the type of
DM at an early stage. As a consequence, many cases
would be misdiagnosed as T2DM and treated without
insulin.

As it was difficult to differentiate the types of adult-
onset DM patients based on their clinical characteristics,
the autoantibody was used as a marker. Moreover GADA
was rarely found in normal people, and its positive rate
does not change according to the age of onset or the dura-
tion of disease [24]. Due to these advantages, GADA is
widely used as an index for T1DM. In the past, it has been
generally accepted that the positive rate of GADA is less
than 50% in the eastern hemisphere, for example, Korea
was reported to show 5–30% [16, 25]. Such differences
between East and West were thought to be due to the exis-
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Table 6 A comparison of the distributions of the HLA-DQA1 and DQB1 genotypes in child-onset and adult-onset T1DM patients

Genotype Control Child-onset T1DM Adult-onset T1DM

No. (%) No. (%) p OR No. (%) p OR

DQA1 n=106 n=52 n=95
Arg-52/Arg-52 44 (41.5) 32 (61.5) 0.027 1.31 42 (44.2) NS
Arg-52/nonArg-52 46 (43.4) 17 (32.7) NS 37 (38.9) NS
nonArg-52/nonARg-52 16 (15.1) 3 (5.8) NS 16 (16.8) NS

DQB1 n=104
nonAsp-57/nonAsp-57 15 (14.4) 17 (34.0) 0.006 1.57 29 (30.9) 0.006 1.71
nonASP-57/Asp-57 55 (52.9) 4 (18.0) NS 42 (44.7) NS
Asp-57/Asp-57 34 (32.9) 9 (48.0) NS 23 (24.5) NS

Table 7 Frequencies of HLA-DQA1-DQB1 heterodimers in child-onset and adult-onset T1DM patients

DQA1-DQB1 Control Child-onset T1DM (n=47) Adult-onset T1DM (n=91)
(n=103)
No. (%) No. (%) p OR No. (%) p OR

0301-0201 8 (7.8) 13 (27.7) 0.002 1.93 11 (12.1) NS
0301-0302 24 (23.3) 19 (40.4) NS 22 (24.2) NS
0301-0303 17 (16.5) 15 (31.9) 0.029 1.42 23 (25.3) NS
0301-0401 17 (16.5) 13 (27.7) NS 21 (23.1) NS
0501-0201 8 (7.8) 12 (25.5) 0.008 1.83 11 (12.1) NS
0501-0302 4 (3.9) 11 (23.4) 0.004 2.07 5 (5.5) NS
0501-0303 2 (1.9) 4 (8.5) 0.009 3.39 3 (3.3) NS
0102-0601 10 (9.7) 0 (0.0) NS 1 (1.1) NS



tence of non-autoimmune mechanisms [15]. With
improved methods of measuring GADA, the positive rate
of GADA was reported to be 50%–60% in Korea [25]. In
our study, GADA was positive in 59.7% of T1DM
patients.

IA-2A was also present in a high percentage
(65%–75%) of newly developed T1DM patients in the
West [26, 27], but in Japan and Asia [28], the positive
rates were lower. In this study, 17.6% of all T1DM
patients, 15.3% of adult-onset patients and 19.8% of
child-onset patients were positive. The lower positive rate
observed in our study may be explained by the character-
istics of IA-2A, which decreases with late onset and
longer duration [14, 29, 30]. Our study population might
have involved more adult-onset patients and patients with
longer disease durations than other studies. In our study,
in 6 patients who had less than 1 year of duration, 33.3%
positivity was observed, which was higher than the posi-
tive rate of total T1DM patients (dada are not shown).

It seems reasonable to conclude that GADA would be
a more useful marker for T1DM than IA-2A, as LADA
accounts for as much as 15%–20% of T1DM. Combining
the report that suggested that GADA is a marker for adult-
onset patients with ambiguous DM typing [23], and anoth-
er report, which stated that GADA’s positivity is inde-
pendent of the onset age [13], it is perhaps reasonable to
suggest that GADA should be used as a predictive marker
for Korean diabetes patients who are initially diagnosed as
T2DM after 20 years of age but later slowly progress to
T1DM.

In our study, DR3, DR4 and DR9 were found to be
present at high frequencies in the child-onset group and
DR4 and DR9 were higher than control group in the adult-
onset patient group. Previous data on HLA class II genes
as a possible aetiological factor for T1DM was based on
Caucasians. Our results differed from those of
Caucasians, who expressed increased DR3 and DR4 [31,
32], but coincided with those of several investigations in
Japanese [32–34]. Our results also differed from those in
a Chinese study, which found that patients with an onset
age of 20 years or less had high frequencies of DR3 and
DR9 [35]. Interestingly, DR9 had a high frequency only in
Oriental T1DM patients.

When we compared HLA-DQA1, the pattern was not
found to be different in the GADA-positive adult-onset
patient group and the total adult-onset T1DM patients.
DQB1*0301, an increased factor in Japan, was at a high-
er frequency than the control in both the adult-onset and
child-onset patient groups, but the difference was not sta-
tistically significant.

In addition, factors carrying Arg 52 on the DQ alpha-
chain – DQA1*0301, 0401, 0501 and 0601, and factors
carrying Asp 57 on the DQ beta-chain – DQB1*0201,
0302, 0304, 0501, 0502, 0504 and 0604, are known to be
related to susceptibility in Caucasians [36–38]. However,

this did not hold true in Japan [39, 40], and our study
result differed from that of the Japanese report above. For
example, in the child-onset patient group, the frequencies
of homodimer with Arg52 positive on the alpha chain and
homodimer with Asp57 negative on the beta chain were
high, which is consistent with a previous report, which
showed highest risk associates with the combination of
alpha-chain of the Arg-positive homodimer and the beta-
chain of the Asp-negative homodimer, among the various
combinations of DQ alpha chains and beta chains [41]. In
contrast, in the adult-onset patient group, no difference
was found in the Arg52-positive alpha chain homodimer,
but the Asp 57-negative beta chain homodimer was pres-
ent at a higher frequency, indicating the importance of the
Asp57 beta chain on the determination of susceptibility to
DM. However, unlike a report which stated that even
when both alpha and beta chains had sensitivity factor, the
susceptibility to DM depends on the number of het-
erodimers that bound cis or trans [41, 42], in the present
report no differences were seen based on the number of
heterodimers [36].

As the increased pattern of DQA1*0301, 0501 and
DQB1*0201 in the child-onset patient group resembled
study results in Caucasians, we presume these genetic fac-
tors are involved in the pathogenesis of DM, and that the
possibility that these factors form a heterodimer and act as
a DM aetiological factor are accordingly increased.
Possibly, the adult-onset patient group is affected by other
genetic factors in disequilibrium with DQA1 and DQB1 to
induce autoimmunity.

As the DQ molecule is an antigen with diversified
alpha and beta chains, and the Asp 57-negative molecules
of each DQ beta chain showed different degrees of sus-
ceptibility and resistance, susceptibility is not exclusively
determined by the DQA1 and DQB1 genes. The combined
results of comparisons of homodimers among DR, DQA1
and DQB1 might be more appropriate in terms of finding
the result of the total summation of linkage disequilibria.
Moreover, we should consider the fact that the suscepti-
bility and the protective effect of the HLA class II genes
in T1DM are determined by the competition between the
binding affinities of each HLA molecule and pancreatic
beta cell antigens [43].

There is also an ethnic difference in the pattern of
these disequilibria. In Caucasians, a disequilibrium is
formed in DR4 as DQA1*0301-DQB1-0302, and in
Japanese, as DQA1*0301-DQB1*0401 [44]. Comparing
the heterodimer formed from DQA1 and DQB1, which is
possible in both cis and trans locations, in the child-onset
patient group, those carrying DQA1*0301 with
DQB1*0201 and 0303, and those carrying DQA10501
with DQB1*0201, 0302 and 0303 had a higher risk of
developing DM. DQA1*0501-DQB1*0303 had the high-
est OR of 3.4, higher than those of each factor. Thus, we
might be tempted to believe that this form of heterodimer
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is a risk factor for DM, but possibly due to the lack of
adult-onset patients carrying risk factors on DQA1 and
DQB1, the risk was not increased, compared to the con-
trol. In addition, when we pursued homodimer related to a
specific DR, in the child-onset patient group, in DR3,
DQA1*0301-DQB1-0201 and DQA1*0501-DQB1*0201,
in DR4, DQA1*0301-DQB1*0201, and in DR9,
DQA1*0301-DQB1*0303 were increased. However, in
the adult-onset patient group, no DQ heterodimer was
found to be related to a specific DR. It is possible that
there was no dominant DQ molecule in the adult-onset
patient group, and that there is a possibility of forming a
disequilibrium between a susceptible DR molecule and
defensive DQ molecule or between a susceptible DQ mol-
ecule and defensive DR molecule.

There has been a continuous controversy over the
increased expression of autoimmune antibody in a group
with a specific HLA antigen already known to be a high
risk factor. Those carrying the heterodimer of HLA-DR had
a higher positive rate of ICA and GADA [33, 45], and
patients with HLA-DQ showed a higher positive rate of
GADA and IA-2A than those without [30]. In particular,
patients with DQA1*0301-DQB1*0302 had a higher titre
of IA-2A, while those with onset after the age of 10 showed
no such correlation [46]. This might imply an association
between genetic factors and autoimmune antibody [47]. In
addition, in a Japanese study, when patients with DR4-DQ4
were compared to those with DR9-DQ9, the residual C-
peptide function was found to reduce more rapidly in the
latter group, and patients with longer than 2 years of dura-
tion in the DR9-DQ9 group expressed higher GADA titres.
These results suggest that the DR9-DQ9 genotype might
induce the helper T lymphocyte function against beta-cells,
or their destruction via autoimmunity [48].

In our study, when we compared the positive rates of
GADA, taking DQA1-DQB1 heterodimer, which
occurred at high frequency in the child-onset patient
group, as a standard, the heterodimer consisting of DQA1
and AQB1 showed a high positive rate of GADA. In par-
ticular, in the group with DQA1*0501-DQB1*0201 het-
erodimer, there was a significantly higher positive rate.
However, in the adult-onset patient group, without any
specific high-risk heterodimer, no differences in the posi-
tive rates of autoantibody were observed. Yet, when we
analysed on the basis of homodimer disequilibrium using
DR4 and DR9, compared to the DR4-DQ4 group, the
DR9-DQ9 group showed a higher positive rate of autoan-
tibody. To confirm an association between HLA and
GADA, further research is needed.

In conclusion, in adult-onset T1DM in Koreans, the
positive rate of GADA was found to be similar to that of
Caucasians, suggesting considerable involvement of
autoimmunity in the pathogenesis of DM, and this result
was similar in child-onset patients. However, unlike the
high incidence of HLA DR3 and DR4 in the child-onset
T1DM patient group, there was a high incidence of HLA-

DR3, -DR4 and -DR9 in the adult-onset T1DM patients,
though in terms of the DQ genotype, the distribution was
similar. We attribute the high frequency of DR9 in
Japanese and Korean T1DM patients to regional charac-
teristics. Also, by measuring GADA titre in adult-onset
(after 20 years old) diabetes patients with ambiguous type
of DM, physicians are able to predict the presence of
insulin dependency in early stages and use this informa-
tion in treatment plans.

Acknowledgements This work was supported by the Korea Health
21 Research and Development Project, Ministry of Health and
Welfare, Republic of Korea (Grant 03-PJ1-CH05-0005), and the
Seoul R & BD Program, Republic of Korea (Grant 10526).

References

1. Eisenbarth GS (1986) Type 1 diabetes mellitus. A chronic
autoimmune disease. N Engl J Med 314:1360–1368

2. Eisenbarth GS (1987) Genes, generator of diversity, glyco-
conjugates, and autoimmune beta-cell insufficiency in type 1
diabetes. Diabetes 36:355–364

3. Bach JF (1994) Insulin-dependent diabetes mellitus as an
autoimmune disease. Endocr Rev 15:516–534

4. Risch N (1987) Assessing the role of HLA-linked and unlin-
ked determinants of disease. Am J Hum Genet 40:1–14

5. Tisch R, McDevitt H (1996) Insulin-dependent diabetes mel-
litus. Cell 85:291–297

6. Landin-Olsson M, Nilsson KO, Lernmark A, Sundkvist G
(1990) Islet cell antibodies and fasting C-peptide predict
insulin requirement at diagnosis of diabetes mellitus.
Diabetologia 33:561–568

7. Lernmark A, Baekkeskov S (1981) Islet cell antibodies-theo-
retical and practical implications. Diabetologia 21:431–435

8. Aanstoot HJ, Sigurdsson E, Jaffe M, Shi Y, Christgau S,
Grobbee D, Bruining GJ, Molenaar JL, Hofman A,
Baekkeskov S (1994) Value of antibodies to GAD65 combi-
ned with islet cell cytoplasmic antibodies for predicting
IDDM in a childhood population. Diabetologia 37:917–924

9. Christie MR, Roll U, Payton MA, Hatfield EC, Ziegler AG
(1997) Validity of screening for individuals at risk for type 1
diabetes by combined analysis of antibodies to recombinant
proteins. Diabetes Care 20:965–970

10. Wiest-Ladenburger U, Hartmann R, Hartmann U, Berling K,
Bohm BO, Richter W (1997) Combined analysis and single
step detection of GAD65 and IA2 autoantibodies in IDDM
can replace the histochemical islet cell antibody test.
Diabetes 46:565–571

11. Zimmet PZ, Tuomi T, Mackay IR, Rowley MJ, Knowles W,
Cohen M, Lang DA (1994) Latent autoimmune diabetes mel-
litus in adults (LADA): the role of antibodies to glutamic acid
decarboxylase in diagnosis and prediction of insulin depen-
dency. Diabet Med 11:299–303

12. Kasuga A, Ozawa Y, Maruyama T, Ishihara T, Amemiya S,
Saruta T (1997) Autoantibody against IA-2 improves the test
sensitivity for insulin-dependent diabetes mellitus in
Japanese patients of child onset. Endocr J 44:485–491

13. Thai AC, Ng WY, Loke KY, Lee WR, Lui KF, Cheah JS

52 C.S. Kim et al.: Adult-onset type 1 diabetes mellitus in Korea



(1997) Anti-GAD antibodies in Chinese patients with youth
and adult-onset IDDM and NIDDM. Diabetologia
40:1425–1430

14. Kobayashi T, Itoh T, Kosaka K, Sato K, Tsuji K (1987) Time
course of islet cell antibodies and β-cell function in non-insu-
lin-dependent stage of type 1 diabetes. Diabetes 36:510–517

15. Tuomi T, Zimmet P, Rowley MJ, Min HK, Vichayanrat A,
Lee HK, Rhee BD, Vannasaeng S, Humphrey AR, Mackay IR
(1995) Differing frequency of autoantibodies to glutamic acid
decarboxylase among Koreans, Thais, and Australians with
diabetes mellitus. Clin Immunol Immunopathol 74:202–206

16. Lee HC, Cha BS, Nam MS, Song YD, Lim SK, Kim DH,
Huh KB, Koh Y (1995) Relationships among 64k autoanti-
bodies, pancreatic beta-cell function, HLA-DR antigens and
HLA-DQ genes in patients with insulin-dependent diabetes
mellitus in Korea. Korean J Intern Med 10:1–9

17. Kobayashi T (1994) Subtype of insulin-dependent diabetes
mellitus (IDDM) in Japan: slowly progressive IDDM– the
clinical characteristics and pathogenesis of the syndrome.
Diabetes Res Clin Pract 24[Suppl]:S95–S99

18. Schiel R, Muller UA (2000) GAD autoantibodies in a selec-
tion-free population of insulin-treated diabetic patients: indi-
cator of a high prevalence of LADA? Diabetes Res Clin Pract
49:33–40

19. Gambelunghe G, Forini F, Laureti S, Murdolo G, Toraldo G,
Santeusanio F, Brunetti P, Sanjeevi CB, Falorni A (2000)
Increased risk for endocrine autoimmunity in Italian type 2
diabetic patients with GAD65 autoantibodies. Clin
Endocrinol (Oxf) 52:565–573

20. Shiau MY, Tsai ST, Hwang J, Wu CY, Chang YH (2000)
Relationship between autoantibodies against glutamic acid
decarboxylase, thyroglobulin/thyroid microsome and DNA
topoisomerase II in the clinical manifestation of patients
with type 1 diabetes mellitus in Taiwan. Eur J Endocrinol
142:577–585

21. Grubin CE, Daniels T, Toivola B, Landin-Olsson M,
Hagopian WA, Li L, Karlsen AE, Boel E, Michelsen B,
Lernmark A (1994) A novel radioligand binding assay to
determine diagnostic accuracy of isoform-specific glutamic
acid decarboxylase antibodies in childhood IDDM.
Diabetologia 37:344–350

22. Melton LJ 3rd, Palumbo PJ, Chu CP (1983) Incidence of dia-
betes mellitus by clinical type. Diabetes Care 6:75–86

23. Karjalainen J, Salmela P, Ilonen J, Surgel H, Knip M (1989)
A comparison of childhood and adult type 1 diabetes melli-
tus. N Engl J Med 320:881–886

24. Vandewalle C, Falorni A, Svanholm S, Lernmark A,
Pipeleers D, Gorus F (1995) High diagnostic sensitivity of
glutamate decarboxylase autoantibodies in insulin-depen-
dent diabetes mellitus with clinical onset between age 20 and
40 years. The Belgian Diabetes Registry. J Clin Endocrinol
Metab 80:846–851

25. Park YS, Lee HK, Min HK, Rowley M, Mackay I, Zimmet P,
McCarthy B, McCanlies E, Dorman J, Trucco M (1996) The
low prevalence of immunogenetic markers in Korean adult-
onset IDDM patients. Diabetes Care 19:241–245

26. Bonifacio E, Lampasona V, Genovese S, Ferrari M, Bosi E
(1995) Identification of protein tyrosine phosphatase-like
IA2 (islet cell antigen 512) as the insulin-dependent diabetes-
related 37/40K autoantigen and a target of islet-cell antibo-
dies. J Immunol 155:5419–5426

27. Hawa M, Rowe R, Lan M, Notkins A, Pozzilli P, Chrisitie M,
Leslie R (1997) Value of antibodies to islet protein tyrosine
phosphatase-like molecule in predicting type 1 diabetes.
Diabetes 46:1270–1275

28. Kawasaki E, Takino H, Yano M, Uotani S, Mastsumoto K,
Yamaguchi Y, Akazawa S, Nagataki S (1994) Evaluation of
islet-specific autoantibodies in Japanese patients with insu-
lin-dependent diabetes mellitus: a comparison between
autoantibodies to glutamic acid decarboxylase, autoantibo-
dies to 64 kDa islet cell protein and islet cell antibodies. J
Autoimmun 7:791–802

29. Lohmann T, Seissler J, Verlohren H, Schroder S, Rotger J,
Dahn K, Morgenthaler N, Scherbaum W (1997) Distinct
genetic and immunological features in patients with onset of
IDDM before and after age 40. Diabetes Care 20:524–529

30. Vandewalle C, Falorni A, Lernmark A, Goubert P, Dorchy H,
Coucke W, Semakula C, Auwera B, Kaufman L, Schuit F,
Pipeleers D, Gours F (1997) Associations of GAD65- and IA-
2- autoantibodies with genetic risk markers in new-onset
IDDM patients and their siblings. The Belgian Diabetes
Registry. Diabetes Care 20:1547–1557

31. Platz P, Jakobson BK, Morling N, Ryder LP, Svejgaard A,
Thomson M, Christy M, Kromann H, Benn J, Nerup J, Green
A (1981) HLA-D and -DR antigens in genetic analysis of
insulin dependent diabetes mellitus. Diabetologia 21:108–115

32. Todd JA, Fukui Y, Jitagawa T, Sasazuki T (1990) The A3 alle-
le of the HLA-DQA1 locus is associated with susceptibility
to type 1 diabetes in Japanese. Proc Natl Acad Sci U S A
87:1094–1098

33. Serjeantson S, Kohonen-Corish M, Rowley M, Mackay I,
Knowles W, Zimmet P (1992) Antibodies to glutamic acid
decarboxylase are associated with HLA-DR genotypes in
both Australians and Asians with type 1 (insulin-dependent)
diabetes mellitus. Diabetologia 35:996–1001

34. Awata T, Kanazawa Y (1994) Genetic markers for insulin-
dependent diabetes mellitus in Japanese. Diabetes Res Clin
Pract 24[Suppl]:S83–S87

35. Hawkins B, Lam K, Ma J, Low L, Cheung P, Serjeantson S,
Yeung R (1987) Strong association of HLA-DR3/DRw9
heterozygosity with early-onset insulin-dependent diabetes
mellitus in Chinese. Diabetes 36:1297–1300

36. Khalil I, Auriol L, Gobet M, Morin L, Lepage V, Deschamps
I, Park M, Degos L, Galibert F, Hors J (1990) A combination
of HLA-DQ beta Asp57-negative and HLA DQ alpha Arg52
confers susceptibility to insulin-dependent diabetes mellitus.
J Clin Invest 85:1315–1319

37. Reijonen H, Ilonen J, Knip M, Akerblom K (1991) HLA-
DQB1 alleles and absence of Asp 57 as susceptibility factors
of IDDM in Finland. Diabetes 40:1640–1644

38. Todd J, Bell J, McDevitt H (1987) HLA-DQ beta gene con-
tributes to susceptibility and resistance to insulin-dependent
diabetes mellitus. Nature 329:599–604

39. Awata T, Kuzuya T, Mastuda A, Iwamoto Y, Kanazawa Y,
Okuyama M, Juhi T (1990) High frequency of aspartic acid
at position 57 of HLA-DQ beta-chain in Japanese IDDM
patients and nondiabetic subjects. Diabetes 39:266–269

40. Ikegami H, Tahara Y, Cha T, Yamato E, Ogihara T, Noma Y,
Shima K (1990) Aspartic acid at position 57 of the HLA-DQ
beta chain is not protective against insulin-dependent diabe-
tes mellitus in Japanese people. J Autoimmun 3:167–174

41. Buzzetti R, Nistico L, Osborn J, Giovannini C, Chersi A,

C.S. Kim et al.: Adult-onset type 1 diabetes mellitus in Korea 53



Sorrentino R (1993) HLA-DQA1 and DQB1 gene polymor-
phisms in type I diabetic patients from central Italy and their
use for risk prediction. Diabetes 42:1173–1178

42. Gutierrez-Lopez MD, Bertera S, Chantres MT, Vavssori C,
Dorman JS, Trucci M, Serrano-Rios M (1992) Susceptibility
to type 1 diabetes mellitus in Spanish patients correlates
quantitatively with expression of HLA-DQα Arg52 and HLA
DQβnon-Asp 57 alleles. Diabetologia 35:583–588

43. Nepom GT, Erlich H (1991) MHC class-II molecules and
autoimmunity. Annu Rev Immunol 9:493–525

44. Thorsby E, Ronningen K (1993) Particular HLA-DQ mole-
cules play a dominant role in determining susceptibility or
resistance to type 1 (insulin-dependent) diabetes mellitus.
Diabetologia 36:371–377

45. Groop L, Miettinen A, Groop P, Meri S, Koskimies S,
Bottazzo G (1988) Organ-specific autoimmunity and HLA-
DR antigens as markers for beta-cell destruction in patients
with type II diabetes. Diabetes 37:99–103

46. Vandewalle C, Decraene T, Schuit F, Leeuw I, Pipeleers D,
Gorus F (1993) Insulin autoantibodies and high titre islet cell
antibodies are preferentially associated with the HLA
DQA1*0301-DQB1*0302 haplotype at clinical type 1 (insu-
lin-dependent) diabetes mellitus before age 10 years, but not
at onset between age 10 and 40 years. The Belgian Diabetes
Registry. Diabetologia 36:1155–1162

47. Vandewalle C, Coeckelber M, Leeuw I, Caju M, Schiut F,
Pipeleers D, Gorus F (1997) Epidemiology, clinical aspects,
and biology of IDDM patients under age 40 years.
Comparison of data from Antwerp with complete ascertain-
ment with data from Belgium with 40% ascertainment. The
Belgian Diabetes Registry. Diabetes Care 20:1556–1561

48. Sugihara S, Sakamai T, Konda S, Murata A, Wataki K,
Kobayashi Y, Minamitani K, Miyamoto S, Sasaki N, Niimi H
(1997) Association of HLA-DR, DQ genotype with different
beta-cell functions at IDDM diagnosis in Japanese children.
Diabetes 46:1893–1897

54 C.S. Kim et al.: Adult-onset type 1 diabetes mellitus in Korea



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


