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ABSTRACT

We investigated the prevalence of glutamic acid decarboxylase 65 autoantibody (GADA),
insulinoma-associated protein 2 autoantibody (IA2A), and insulin autoantibody (IAA) in 750
children with type 1 diabetes (T1D) living in Taiwan. GADA, IA2A, and IAA were measured
by radioimmunoassay. The data were assessed by x? test, binary logistic regression, and
Spearman rank correlation. Of the 750 T1D patients, 66.3% had GADA, 65.3% IA2A, 35.7%
IAA, and 17.2% no autoantibodies. The prevalence of GADA and IA2A significantly decreased
along T1D duration. The positivity of either GADA or IA2A was 89.4% within the first year
of disease and decreased to 36.7% after 9 years (P = 1.22 x 10-2°). Female patients had
significantly higher prevalence of GADA compared with male patients (72.3% vs. 59.7%,
P = 0.00027). The patients diagnosed before 12 years of age had a positive rate of 92.2%
for either GADA or IA2A. Patients diagnosed at age 12 or above had a significantly lower
positive rate of 81.6% (P = 0.011). GADA and IA2A significantly correlated with each other
(rs = 0.245, P = 1.09 x 10-'!). We concluded that autoantibodies were detectable in 89.4%
of T1D patients within one year after diagnosis. Their prevalence declined with disease
duration. GADA was more prevalent in female patients. GADA and IA2A weakly correlated
with each other.
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INTRODUCTION

Diabetes mellitus is a chronic metabolic disease
with hyperglycemia resulting from insulin deficiency,
impaired insulin action, or both [1]. There are various
types of diabetes by the etiology. Type 1 diabetes (T1D)
is caused by an autoimmune or idiopathic process
resulting in the destruction of pancreatic p cells [2]. In
Taiwan, the incidence rates of T1D and type 2 diabetes
(T2D) are respectively 5.3/100,000 [3] and 6.5/100,000
[4, 5] in children and adolescents. Differentiation between
T1D and other types of diabetes can usually be made
on clinical manifestations, age at diagnosis, and family
history; however, it may be difficult in some cases due to
the increasing incidence of T2D in children over the past
two decades [6]. Additionally T1D differs from T2D in
the clinical and public health burden, disease management,
and the risks of acute and chronic complications, therefore
clear differentiation between them is imperative for
appropriate therapy [7]. Islet autoantibodies are recognized
and becoming increasingly important in differentiating
various types of diabetes [8]. Among these autoantibodies,
glutamic acid decarboxylase 65 autoantibody (GADA),
insulinoma-associated protein 2 autoantibody (IA2A), and
insulin autoantibody (IAA) are commonly tested.

Although several studies about the above-mentioned
autoantibodies in Asians have been reported, however,
they were of small numbers of subjects [9, 10] except for
only a few with case numbers up to 600 [11-13]. The aim
of this multicenter study was to determine the prevalence
of GADA, [A2A, and IAA in a large cohort of T1D
children of Han Chinese ethnicity.

RESULTS

Prevalence of autoantibodies

The mean (+ SD) age at diagnosis was 8.3 + 4.2
years. Of the 750 T1D patients, 66.3% had GADA, 65.3%
had IA2A, and 35.7% had IAA (Table 1). Regarding the
distribution of positivity of autoantibodies, 48.8% had both
GADA and IA2A, 17.5% had only GADA, 16.5% had only
IA2A, and 17.2% had no autoantibodies (Table 2).

Disease duration and prevalence of
autoantibodies

Disease duration was 1.4 + 3.0 years and ranged 0.0
—18.5 years (Table 1). The prevalence of GADA, 1A2A,
and either GADA or IA2A significantly decreased along
T1D duration (Table 3). The positivity of either GADA
or IA2A was 89.4% within the first year of disease and
decreased to 36.7% after 9 years (P = 1.22 x 1029),
Logistic regression analysis also confirmed a significant
decrement of positivity of GADA, [A2A, and either

GADA or IA2A along disease duration (ORs were 0.83,
0.76, and 0.77, respectively; P values were all < 0.0001)
(Table 6).

Sex and prevalence of autoantibodies

The percentage of sex among T1D patients was not
different (P = 0.35) (Table 1). But female patients had
significantly higher prevalence of GADA within one year
of diagnosis (77.0% vs. 67.4%, P =0.01), during follow-
up (55.7% vs. 37.6%, P = 0.015), and through discase
duration (72.3% vs. 59.7%, P = 0.00027) compared with
male patients (Table 4). However, there was no significant
difference in the positivity of IA2A between female and
male patients (P > 0.69). Logistic regression analysis
confirmed that female patients had significantly higher
positivity of GADA than male patients (OR, 1.77; 95%
CI, 1.28-2.44; P < 0.0005) (Table 6).

Age at diagnosis and prevalence of
autoantibodies

To minimize the confounding of disease duration,
samples drawn within half a year of diagnosis were analyzed
for the prevalence of autoantibodies at different ages at
diagnosis. Positivity of GADA, IA2A, and either GADA or
IA2A significantly differed among groups of age at diagnosis
(P=0.046, P=0.015, and P=0.011, respectively) (Table 5).
The groups of patients diagnosed before 12 years of age had
similar positive rates of around 90% (mean 92.2%, Table 7)
with the highest rate of 96.4% in the age group of 0.5 —<3.0
years for either GADA or IA2A. However, patients diagnosed
at ages 12 or above had a significantly lower positive rate
of 81.6% (P = 0.011) (Tables 5 and 7). Logistic regression
analysis confirmed that the positivity of IA2A and either
GADA or IA2A significantly decreased with the increment
of age at diagnosis (OR = 0.93, P =0.002 and OR = 0.91,
P =0.007, respectively) (Table 8).

Correlation between positivity of GADA and
1A2A

The positivity of GADA and [A2A significantly
correlated with each other in all T1D patients (Spearman
rank correlation coefficient rs = 0.245, P = 1.09 x 10'").
The correlation was still present even after the data were
stratified by sex (rs = 0.293, P = 1.69 x 10 for male
patients and rs = 0.203, P=5.13 x 107 for female patients).

DISCUSSION

Our study demonstrated that T1D children had
a high prevalence (89.4%) of autoantibodies of either
GADA or IA2A within the first year of disease duration.
We also found the highest positive rate (96.4%) of either
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Table 1: Demography and autoantibodies of patients with type 1 diabetes mellitus

Cases Male: AAD (yr) Duration (yr) GADA TA2A TAA
Female Mean = SD Mean = SD Pos/Total (%) Pos/Total (%) Pos/Total
(%:%) (range) (range) (%)
750 357:393 83+42 1.4£3.0 497/750 490/750 99/277
(47.6:52.4) (0.5-19.0) (0.0-18.5) (66.3) (65.3) 35.7)

Abbreviations: AAD, age at diagnosis; Duration, duration of type 1 diabetes; GADA, Glutamic acid decarboxylase 65
autoantibody; IA2A, insulinoma-associated protein 2 autoantibody; IAA, Insulin autoantibody; Pos, positive; SD, standard

deviation.

Table 2: Positive rate of autoantibodies in 750 patients with type 1 diabetes

GADA TA2A Cases %

+ + 366 48.8
+ — 131 17.5
- + 124 16.5
- — 129 17.2

Abbreviations: GADA, Glutamic acid decarboxylase 65 autoantibody; IA2A, insulinoma-associated protein 2 autoantibody.

Table 3: Prevalence of autoantibodies according to duration of type 1 diabetes

Positive/Total (%)

Duration (yr) <1.0 1.0 - <3.0 3.0 —<6.0 6.0 —<9.0 >9.0 P

GADA 413/569 27/48 36/67 12/36 9/30 122 % 1020
(72.6) (56.2) (53.7) (33.3) (30.0)

1A2A 418/569 31/48 24/67 11/36 6/30 234 x 1018
(73.5) (64.5) (35.8) (30.6) (20.0)

GADA or 509/569 38/48 44/67 19/36 11/30 122 x 1020

IA2A (89.4) (79.2) (65.7) (52.8) (36.7)

o test.

Abbreviations: GADA, Glutamic acid decarboxylase 65 autoantibody; IA2A, insulinoma-associated protein 2 autoantibody.

GADA or IA2A in T1D diagnosed at the age of 0.5 — <3.0
years. The prevalence of either GADA or IA2A declined
with the disease duration and with age at diagnosis. In
terms of sex, females had a higher GADA positive rate
compared to males. Furthermore, T1D diagnosed before
12 years of age was associated with a higher positive rate
of IA2A. There was a weak correlation between GADA
positivity and TA2A positivity.

Disease duration and prevalence of
autoantibodies

GADA, TA2A, or both were present in 89.4% of
T1D children within one year after diagnosis and their
prevalence was around 70% within the first 3 years.
Therefore, both GADA and IA2A render the greatest
diagnostic value in type 1 diabetes [14].

The dynamics of GADA and IA2A in T1D are
complex. The autoantibodies can occur prior to clinical
diagnosis and persist years after [15], but they may
become undetectable in any period of time [16]. In
general, the prevalence declines from the time of diagnosis

onwards. Glutamic acid decarboxylase (GAD) and
insulinoma-associated protein 2 (IA2) are intracellular
antigens in B-cells. In order for B-cell autoantibodies to
develop, intracellular autoantigens must be accessible. As
a result of cell-mediated autoimmune damage to p-cells,
intracellular antigens are released. Consequently, GADA
and IA2A develop in response to the released sequestered
antigens [17]. As the disease progresses, f-cell mass
decreases due to continuous autoimmune destruction
resulting in the waning of the autoantigens and thus
autoantibodies decline [18]. The gradual decline of the
prevalence of GADA and IA2A along the disease duration
noted in our study is in accord with previous reports [19].

Ethnicity and prevalence of autoantibodies

The prevalence of GADA or TA2A varies in
different ethnicities. The positivity of GADA is 79%
in Germany [20] and Belgium [21], and that of TA2A
is 69% in Sweden [14]. On the contrary in Asia, the
prevalence of autoantibodies is lower with a GADA
positivity of only 44.3% in Singapore [22] and an IA2A
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Table 4: Comparison in positivity of GADA and IA2A between male and female patients with type 1 diabetes

Positive/Total (%)
Dis. dur. <1 year (569 patients) >1 years (181 patients) All (750 patients)
Antibody GADA 1A2A Either GADA 1A2A Either GADA 1A2A Either
Male 178/264 196/264  231/264 35/93 38/93 52/93 213/357  234/357  288/357
(67.4) (74.2) (87.5) (37.6) (40.9) (55.9) (59.7) 65.5) (80.7)
Female 235/305  222/305  278/305 49/88 34/88 60/88 284/393  256/393  338/393
(77.0) (72.8) (91.1) (55.7) (38.6) (68.2) (72.3) (65.1) (86.0)
P 0.01 0.69 0.15 0.015 0.76 0.09 0.00027 0.91 0.05

“? test (comparison between males and females within each age groups).
Abbreviations: Dis. dur., Disease duration; GADA, Glutamic acid decarboxylase 65 autoantibody; IA2A, insulinoma-

associated protein 2 autoantibody.

Table 5: Positivity of autoantibodies within 0.5 year of diagnosis stratified by age at diagnosis

Positive/Total (%)
Antibody
All 0.5-<3.0 3.0 —<6.0 6.0 —<9.0 9.0 —<12.0 12.0-19.0 P

GADA 397/536 44/55 61/97 105/134 97/125 90/125 0.046

(74.1) (80.0) (62.9) (78.4) (77.6) (72.0)
IA2A 397/536 47/55 76/97 104/134 90/125 80/125 0.015

(74.1) (85.4) (78.4) (77.6) (72.0) (64.0)
GADA or 481/536 53/55 88/97 124/134 114/125 102/125 0.011
IA2A (89.7) (96.4) (90.7) (92.5) (91.2) (81.6)

“* test (5 x 2 contingency table).
Abbreviations: GADA, Glutamic acid decarboxylase 65 kD (GAD) autoantibody; IA2A, insulinoma-associated protein 2

autoantibody.

Table 6: Logistic regression OR for sex, disease duration and age at diagnosis in 750 patients with type 1 diabetes

B SE OR (95% CI) P

GADA

Females 0.57 0.16 1.77 (1.28-2.44) <0.0005

Disease duration (year) —-0.19 0.03 0.83 (0.78-0.88) <0.0001

Age at diagnosis (year) —-0.03 0.02 1.03 (0.99-1.07) 0.20
1A2A

Females 0.014 0.16 0.99 (0.71-1.36) 0.93

Disease duration (year) -0.27 0.03 0.76 (0.72-0.82) <0.0001

Age at diagnosis (year) —-0.03 0.02 0.97 (0.93-1.01) 0.10
GADA or IA2A

Females 0.57 0.21 1.76 (1.16-2.68) 0.008

Disease duration (year) —-0.26 0.03 0.77 (0.73-0.82) <0.0001

Age at diagnosis (year) —0.04 0.03 0.97 (0.93-1.03) 0.32

Abbreviations: GADA, Glutamic acid decarboxylase 65 autoantibody; IA2A, insulinoma-associated protein 2
autoantibody; OR, odds ratio; SE, standard error.

positivity of 25.8% in China [13]. However, GADA
is positive in 73% and TA2A in 76% of T1D patients
within 3 weeks of disease duration from Taiwan [23].
Our results were consistent with the findings of the

latter study.

Differences in GADA prevalence between male
and female patients

In our cohort of T1D patients there was no difference

in number by sex, however, GADA prevalence was more
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Table 7: Positivity of autoantibodies within 0.5 year of diagnosis stratified by age at diagnosis

. Positive/Total (%)
Antibody
0.5 -<12.0 12.0-19.0 P
GADA 307/411 (74.7) 90/125 (72.0) 0.54
IA2A 308/411 (74.9) 80/125 (64.0) 0.016
GADA or 1A2 379/411 (92.2) 102/125 (81.6) 0.0006

“¢* test (2 x 2 contingency table).

Abbreviations: GADA, Glutamic acid decarboxylase 65 autoantibody; IA2A, insulinoma-associated protein 2 autoantibody.

Table 8: OR for sex and age at diagnosis on positive autoantibodies within 0.5 year of diagnosis of type 1 diabetes in

536 patients
Antibody B SE OR (95%CI) P
GADA
Females 0.409 0.199 1.50 (1.02-2.22) 0.040
Age at diagnosis (year) 0.008 0.024 1.01 (0.96-1.06) 0.72
1A2A
Females 0.021 0.201 1.02 (0.69-1.51) 0.92
Age at diagnosis (year) -0.075 0.024 0.93 (0.88-0.97) 0.002
GADA or IA2A
Females 0.47 0.29 1.59 (0.90-2.81) 0.11
Age at diagnosis (year) —0.095 0.035 0.91 (0.85-0.98) 0.007

Abbreviations: GADA, Glutamic acid decarboxylase 65 autoantibody; IA2A, insulinoma-associated protein 2

autoantibody; OR, odds ratio; SE, standard error.

prominent in females. A female predominance in GADA
prevalence remains controversial [18, 24]. Many studies
reported GADA was more frequent in females [18, 22,
25, 26], but other studies found no sex difference [19, 24,
27-29]. The female predilection to autoimmunity has been
observed in many autoimmune diseases [30, 31]. However,
this sex predilection varies among various disorders. The
female prevalence of autoimmune diseases ranges from
around 90% to 50%, in descending order from Sjogren
syndrome, systemic lupus erythematosus, autoimmune
thyroid disease, myasthenia gravis, rheumatoid arthritis,
multiple sclerosis, ulcerative colitis to T1D [32, 33].
Nonradiographic axial spondyloarthritis and ankylosing
spondylitis are respectively the early and late stages of
the spectrum of axial spondyloarthritis [34]. Although
ankylosing spondylitis is less prevalent in females [35],
nonradiographic axial spondyloarthritis is more frequent
in females with a prevalence of about 65% [36]. These
suggest the importance of female sex in the pathogenesis
of autoimmune diseases.

Sex hormones, sex chromosomes, and fetal
microchimerism are implicated in this dichotomy [33,
37-39]. Estrogen enhances the Th2 pathway, which
activates B lymphocytes to produce antibodies [40, 41].
For example, in systemic lupus erythematosus, estrogen
increases the production of anti-DNA antibodies [42, 43].

A female has two X chromosomes. Either the paternal
or maternal X chromosome is randomly inactivated,
mostly at a ratio of 50:50 [44]. This inactivation may
be skewed or incomplete, thereby rendering females
more prone to autoimmunity. Fetal microchimerism, the
passage of fetal cells into the mother’s circulation and
tissues via the placenta, has been found to be associated
with autoantibody positivity and autoimmune diseases
[45]. It might induce a graft-vs-host reaction or a host-
vs-graft reaction [45]. However, many studies have failed
to identify the association [46, 47]. Further research
using standardized, sensitive, and validated methods is
emphasized [46].

Age at diagnosis and prevalence of
autoantibodies

We detected no correlation between the prevalence
of GADA and age at diagnosis. Neither did other
researchers in studies on Asians [19, 23] and those on
Caucasians [24]. However, some researchers found the
prevalence of GADA was positively correlated with age at
diagnosis in Caucasians [18, 21]. The prevalence of IA2A
in our study was age-dependent and negatively correlated
with age at diagnosis. This is in accordance with studies
on Caucasians [21] except one report [18]. Another study
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found no correlation in Asians [19]. Type 1B diabetes
which is not immune-mediated is more common in patients
of African or Asian ancestry [1, 48]. The discrepancy in
the correlation between age at diagnosis and prevalence of
autoantibodies could be due to the difference in ethnicity,
time of sampling since diagnosis, and prevalence of type
1B diabetes in individual populations.

Correlation between GADA and IA2A

Among our patients, 48.8% had both GADA and
IA2A. The positivity of the two autoantibodies correlated
with each other, although the correlation coefficient was
around 0.2 and regarded as weak [49]. In a previous
study from Northern Taiwan, only 15.5% of the 174
T1D patients had both GADA and [A2A [50], which
is significantly lower than ours (P = 1.24 x 107%%). The
disease duration in that study was 4.7 years, which was
significantly longer than 1.4 years of disease duration in
our study (P < 0.001). This suggests that our results may
more accurately reflex the true correlation between GADA
and IA2A.

Limitations

Although the study consists of the largest cohort of
T1D patients in Asians, [AA was only tested in a limited
number of patients. Further studies should focus on the
measurement of other autoantibodies including ZnT8A
particularly in those without GADA and TA2A.

CONCLUSIONS

There were detectable autoantibodies up to 89.7%
in T1D patients within half a year after diagnosis. The
prevalence of GADA and IA2A declined with TID disease
duration. The prevalence of GADA was higher in female
patients than in male ones. [A2A positivity was age-
dependent and negatively correlated with age at diagnosis.
There was a weak correlation between GADA and [A2A
positivity.

MATERIALS AND METHODS

Patients

The subjects were recruited from two medical
centers, MacKay Memorial Hospital and Chang Gung
Memorial Hospital. There were 750 patients (357 males,
393 females) diagnosed with TID (Table 1). Type 1
diabetes (T1D) was diagnosed on the basis of clinical
manifestations and laboratory evidence [51, 52]. Patients
had a fasting plasma glucose level >7 mmol/l (126
mg/dl) at least 2 times, an HbAlc level of >6.5%, or a
random glucose level >11.1 mmol/l (200 mg/dl) with
diabetic symptoms, and at least one of autoantibodies to

islet cell antigens, glutamic acid decarboxylase (GAD)
and insulinoma-associated protein 2 (IA2) [39, 53] or
C-peptide level <0.7 mmol/l (2.1 ng/ml) at random or <I.1
mmol/l (3.3 ng/ml) at the peak by a glucagon test [54].

Their mean (+ SD) age at diagnosis was 8.3 +
4.2 (range, 0.5-19.0) years. The Hospital Institutional
Review Board approved this study, and all subjects and
their parents or guardians gave written informed consent
to participate in this study.

Methods

Sera of patients were collected and stored in aliquot
at —75° C until analysis. Disease duration was defined
as the time from diagnosis of T1D till blood sampling.
The specimens for IAA were collected within 2 weeks of
disease duration. GADA, IA2A, and IAA were measured
by radioimmunoassay using '*I labeled human GAD-65,
human recombinant IA2, and human insulin (**I-Tyr-A14-
insulin), respectively (CIS Bio International, France). The
cut-off level for positivity was set at the 99.5th percentile
of control populations. The positivity was >1 U/mL for
GADA, >1 U/mL for IA2A, and >5.5% for IAA. The
intra-assay coefficient of variation (CV) was 3.6% for
GADA, 2.6% for IA2A, and 2.4% for IAA. The inter-
assay CV was 6.9% for GADA, 4.3% for IA2A, and 3.1%
for IAA.

Statistical analysis

Numerical data are shown as mean + standard
deviation (SD) and categorical data are shown as numbers
and percentages. Patients were stratified into groups by
disease duration or age at diagnosis. The duration or age
equal to, greater than the initial value, and less than the
end value were included in that group. Differences in
prevalence of autoantibodies between disease-duration
groups, between males and females, or between age-at-
diagnosis groups were assessed using y” test. The effect of
sex, disease duration, or age at diagnosis on the prevalence
of autoantibodies was also assessed with binary logistic
regression. The Spearman rank correlation coefficient was
assessed between GADA and IA2A. All analyses were
performed using PASW Statistics 18 (IBM Corporation,
USA). A P value of < 0.05 (2-tailed) was considered
statistically significant.

Author contributions

Conceived and designed the experiments: Yann-
Jinn Lee, Fu-Sung Lo. Performed the experiments: An-
Mei Wang, Mei-Ore Yang, Chiung-Ling Lin. Analyzed the
data: Yann-Jinn Lee, Bi-Wen Cheng, Fu-Sung Lo, Wei-
Hsin Ting. Contributed materials/research tools: Yann-Jinn
Lee, Bi-Wen Cheng, Fu-Sung Lo, Chen-Mei Hung, Chi-
Yu Huang, Wei-Hsin Ting, Chia-Ching Chen, Yi-Lei Wu.

www.oncotarget.com

Oncotarget



Wrote the manuscript: Bi-Wen Cheng, Fu-Sung Lo. Edited
the manuscript: Yann-Jinn Lee.

ACKNOWLEDGMENTS

This study was supported by grants NSC
101-2314-B-715-002-MY3 from the National Science
Council, Executive Yuan; MMH E-101-07, MMH E-102-
07, MMH E-105-07 and MMH102-58 from MacKay
Memorial Hospital, Taipei; and MMC 1011B04 and
1021B03 from MacKay Medical College, New Taipei
City, Taiwan.

CONFLICTS OF INTEREST

None.

REFERENCES

Diabetes ~ Association. and
classification of diabetes mellitus. Diabetes Care. 2013;
36:S67-74. https://doi.org/10.2337/dc13-S067.

2. The Expert Committee on the Diagnosis and Classification
of Diabetes Mellitus. Report of the Expert Committee on
the Diagnosis and Classification of Diabetes Mellitus.
Diabetes Care. 1997; 20:1183-97. https://doi.org/10.2337/
diacare.20.7.1183.

3. Lu CL, Shen HN, Chen HF, Li CY. Epidemiology of
childhood Type 1 diabetes in Taiwan, 2003 to 2008. Diabet
Med. 2014; 31:666—73. https://doi.org/10.1111/dme.12407.

4. Wei JN, Sung FC, Lin CC, Lin RS, Chiang CC, Chuang
LM. National surveillance for type 2 diabetes mellitus in
Taiwanese children. JAMA. 2003; 290:1345-50. https://doi.
org/10.1001/jama.290.10.1345.

5. Chang LY, Li HY, Wei JN, Chuang LM. Type 2 diabetes
and obesity in children and adolescents: experience from
studies in Taiwanese population. Curr Diabetes Rev. 2006;
2:185-93. https://doi.org/10.2174/157339906776818578.

6. Pilia S, Casini MR, Cambuli VM, Ibba A, Civolani P,
Zavattari P, Incani M, Mossa P, Baroni MG, Mariotti S,
Loche S. Prevalence of Type 1 diabetes autoantibodies
(GAD and IA2) in Sardinian children and adolescents with
autoimmune thyroiditis. Diabet Med. 2011; 28:896-9.
https://doi.org/10.1111/j.1464-5491.2011.03313.x.

7. Hamman RF, Bell RA, Dabelea D, D’Agostino RB Jr,
Dolan L, Imperatore G, Lawrence JM, Linder B, Marcovina
SM, Mayer-Davis EJ, Pihoker C, Rodriguez BL, Saydah
S, and SEARCH for Diabetes in Youth Study Group. The
SEARCH for Diabetes in Youth study: rationale, findings,
and future directions. Diabetes Care. 2014; 37:3336-44.
https://doi.org/10.2337/dc14-0574.

8. Andersen ML, Vaziri-Sani F, Delli A, Porksen S,
Jacobssen E, Thomsen J, Svensson J, Steen Petersen J,
Hansen L, Lernmark A, Mortensen HB, Nielsen LB.
Association between autoantibodies to the Arginine variant

1.  American Diagnosis

10.

11.

12.

13.

14.

15.

16.

17.

18.

of the Zinc transporter 8 (ZnT8) and stimulated C-peptide
levels in Danish children and adolescents with newly
diagnosed type 1 diabetes. Pediatr Diabetes. 2012; 13:454—
62. https://doi.org/10.1111/j.1399-5448.2012.00857 .x.
Kawasaki E, Eguchi K. Is Type 1 diabetes in the Japanese
population the same as among Caucasians? Ann N Y
Acad Sci. 2004; 1037:96-103. https://doi.org/10.1196/
annals.1337.014.

Mallone R, Ortolan E, Baj G, Funaro A, Giunti S, Lillaz
E, Saccucci F, Cassader M, Cavallo-Perin P, Malavasi F.
Autoantibody response to CD38 in Caucasian patients with
type 1 and type 2 diabetes: immunological and genetic
characterization. Diabetes. 2001; 50:752—-62. https://doi.
org/10.2337/diabetes.50.4.752.

Gu Y, Zhang M, Chen H, Wang Z, Xing C, Yang H, Xu
X, Liu Y, Zhou Z, Yu L, Hutton J, Eisenbarth G, Yang T.
Discordant association of islet autoantibodies with high-risk
HLA genes in Chinese type 1 diabetes. Diabetes Metab Res
Rev. 2011; 27:899-905. https://doi.org/10.1002/dmrr.1270.
Wang JP, Zhou ZG, Lin J, Huang G, Zhang C, Yang L, Yuan
Y, Zhou HF, Zhou M, Hou C, Zhou WD, Peng H, Hagopian
WA. Islet autoantibodies are associated with HLA-DQ
genotypes in Han Chinese patients with type 1 diabetes and
their relatives. Tissue Antigens. 2007; 70:369-75. https://
doi.org/10.1111/5.1399-0039.2007.00916.x.

Yang L, Luo S, Huang G, Peng J, Li X, Yan X, Lin J,
Wenzlau JM, Davidson HW, Hutton JC, Zhou Z. The
diagnostic value of zinc transporter 8 autoantibody (ZnT8A)
for type 1 diabetes in Chinese. Diabetes Metab Res Rev.
2010; 26:579-84. https://doi.org/10.1002/dmrr.1128.

Borg H, Fernlund P, Sundkvist G. Protein tyrosine phosphatase-
like protein IA2-antibodies plus glutamic acid decarboxylase
65 antibodies (GADA) indicates autoimmunity as frequently as
islet cell antibodies assay in children with recently diagnosed
diabetes mellitus. Clin Chem. 1997; 43:2358-63. https://doi.
org/10.1111/j.1651-2227.2000.tb01186.x.

Crowe A, Lemaire M. In vitro and in situ absorption of
SDZ-RAD using a human intestinal cell line (Caco-2) and
a single pass perfusion model in rats: comparison with
rapamycin. Pharm Res. 1998; 15:1666—72. https://doi.org/
http://www.journalofpharmaceuticalresearch.org/.

Knip M, Korhonen S, Kulmala P, Veijola R, Reunanen A,
Raitakari OT, Viikari J, Akerblom HK. Prediction of type
1 diabetes in the general population. Diabetes Care. 2010;
33:1206—12. https://doi.org/10.2337/dc09-1040.

Winter WE, Schatz DA. Autoimmune markers in diabetes.
Clin Chem. 2011; 57:168-75. https://doi.org/10.1373/
clinchem.2010.148205.

Plagnol V, Howson JM, Smyth DJ, Walker N, Hafler
JP, Wallace C, Stevens H, Jackson L, Simmonds MJ,
Bingley PJ, Gough SC, Todd JA, and Type 1 Diabetes
Genetics Consortium. Genome-wide association analysis
of autoantibody positivity in type 1 diabetes cases. PLoS
Genet. 2011; 7:¢1002216. https://doi.org/10.1371/journal.
pgen.1002216.

www.oncotarget.com

16281

Oncotarget



19.

20.

21.

22.

23.

24.

25.

26.

27.

Chuang LM, Lin CY, Wu HP, Tsai WY, Tai TY, Lin BJ.
Anti-GADG65 autoantibody in Taiwanese patients with
insulin-dependent diabetes mellitus: effect of HLA
on anti-GADG65 positivity and clinical characteristics.
Clin Endocrinol (Oxf). 1997; 47:455-61. https://doi.
org/10.1046/j.1365-2265.1997.2851090.x.

Jaeger C, Allendorfer J, Hatziagelaki E, Dyrberg T,
Bergis KH, Federlin K, Bretzel RG. Persistent GAD
65 antibodies in longstanding IDDM are not associated
with residual beta-cell function, neuropathy or HLA-DR
status. Horm Metab Res. 1997; 29:510-5. https://doi.
org/10.1055/s-2007-979091.

Vandewalle CL, Falorni A, Lernmark A, Goubert P, Dorchy
H, Coucke W, Semakula C, Van der Auwera B, Kaufman
L, Schuit FC, Pipeleers DG, Gorus FK. Associations of
GADG5- and IA-2- autoantibodies with genetic risk markers
in new-onset IDDM patients and their siblings. The Belgian
Diabetes Registry. Diabetes Care. 1997; 20:1547-52. https:/
doi.org/10.2337/diacare.20.10.1547.

Thai AC, Ng WY, Loke KY, Lee WR, Lui KF, Cheah JS.
Anti-GAD antibodies in Chinese patients with youth and
adult-onset IDDM and NIDDM. Diabetologia. 1997;
40:1425-30. https://doi.org/10.1007/s001250050845.

Tung YC, Chen MH, Lee CT, Tsai WY. Beta-cell
autoantibodies and their function in Taiwanese children with
type 1 diabetes mellitus. J Formos Med Assoc. 2009; 108:856—
61. https://doi.org/10.1016/S0929-6646(09)60417-4.

Holmberg H, Vaarala O, Sadauskaite-Kuehne V, Ilonen
J, Padaiga Z, Ludvigsson J. Higher prevalence of
autoantibodies to insulin and GAD65 in Swedish compared
to Lithuanian children with type 1 diabetes. Diabetes Res
Clin Pract. 2006; 72:308-14. https://doi.org/10.1016/].
diabres.2005.10.022.

Verge CF, Howard NJ, Rowley MJ, Mackay IR, Zimmet
PZ, Egan M, Hulinska H, Hulinsky I, Silvestrini RA,
Kamath S, Sharp A, Arundel T, Silink M. Anti-glutamate
decarboxylase and other antibodies at the onset of childhood
IDDM: a population-based study. Diabetologia. 1994;
37:1113-20. https://doi.org/10.1007/bf00418375.

Sabbah E, Kulmala P, Veijola R, Vidhédsalo P, Karjalainen
J, Tuomilehto-Wolf E, Akerblom HK, Knip M, and
Childhood Diabetes in Finland Study Group. Glutamic acid
decarboxylase antibodies in relation to other autoantibodies
and genetic risk markers in children with newly diagnosed
insulin-dependent diabetes. Childhood Diabetes in Finland
Study Group. J Clin Endocrinol Metab. 1996; 81:2455-9.
https://doi.org/10.1210/jcem.81.7.8675560.

Till AM, Kenk H, Rjasanowski I, Wassmuth R, Walschus
U, Kerner W, Schlosser M. Autoantibody-defined risk
for Type 1 diabetes mellitus in a general population of
schoolchildren: results of the Karlsburg Type 1 Diabetes
Risk Study after 18 years. Diabet Med. 2015; 32:1008-16.
https://doi.org/10.1111/dme.12677.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

. Chan JC, Yeung VT, Chow CC, Ko GT, Mackay IR, Rowley

MI, Zimmet PZ, Cockram CS. Pancreatic beta cell function
and antibodies to glutamic acid decarboxylase (anti-GAD) in
Chinese patients with clinical diagnosis of insulin-dependent
diabetes mellitus. Diabetes Res Clin Pract. 1996; 32:27-34.
https://doi.org/10.1016/0168-8227(96)01203-x.

Chen BH, Chung SB, Chiang W, Chao MC. GADG65
antibody prevalence and association with thyroid
antibodies, HLA-DR in Chinese children with type 1
diabetes mellitus. Diabetes Res Clin Pract. 2001; 54:27-32.
https://doi.org/10.1016/s0168-8227(01)00272-8.

Rubtsov AV, Rubtsova K, Kappler JW, Marrack P. Genetic
and hormonal factors in female-biased autoimmunity.
Autoimmun Rev. 2010; 9:494-8. https://doi.org/10.1016/;.
autrev.2010.02.008.

Warncke K, Frohlich-Reiterer EE, Thon A, Hofer SE,
Wiemann D, Holl RW, and DPV Initiative of the German
Working Group for Pediatric Diabetology, and German
BMBF Competence Network for Diabetes Mellitus.
Polyendocrinopathy in children, adolescents, and young
adults with type 1 diabetes: a multicenter analysis of 28,671
patients from the German/Austrian DPV-Wiss database.
Diabetes Care. 2010; 33:2010-12.

Whitacre CC. Sex differences in autoimmune disease.
Nat Immunol. 2001; 2:777-80. https://doi.org/10.1038/
ni0901-777.

Kono D, Theofilopoulos A. Autoimmunity. In: Firestein GS,
Kelley WN, editors. Kelley’s textbook of rheumatology.
Philadelphia (PA): Elsevier/Saunders; 2013. 281-98. https://
doi.org/10.1016/B978-1-4377-1738-9.00020-7.

Firestein GS, Gabriel SE, Mclnnes IB, O’Dell JR.
ClinicalKey Flex. Kelley and Firestein’s textbook of
Rheumatology. (Philadelphia, PA, USA: Elsevier) 2017.
Lee W, Reveille JD, Weisman MH. Women with ankylosing
spondylitis: a review. Arthritis Rheum. 2008; 59:449-54.
https://doi.org/10.1002/art.23321.

Sieper J, van der Heijde D. Review: Nonradiographic
axial spondyloarthritis: new definition of an old disease?
Arthritis Rheum. 2013; 65:543-51. https://doi.org/10.1002/
art.37803.

Gleicher N, Barad DH. Gender as risk factor for
autoimmune diseases. J Autoimmun. 2007; 28:1-6. https://
doi.org/10.1016/j.jaut.2006.12.004.

Yu CY, Whitacre CC. Sex, MHC and complement C4 in
autoimmune diseases. Trends Immunol. 2004; 25:694-9.
https://doi.org/10.1016/j.1t.2004.10.006.

Melmed S, Williams RH. Williams textbook of
Endocrinology. (Philadelphia, PA, USA: Elsevier/Saunders)
2011.

Tanriverdi F, Silveira LF, MacColl GS, Bouloux PM. The
hypothalamic-pituitary-gonadal axis: immune function and
autoimmunity. J Endocrinol. 2003; 176:293-304. https://
doi.org/10.1677/j0e.0.1760293.

www.oncotarget.com

16282

Oncotarget



41.

42.

43.

44,

45.

46.

47.

48.

Beagley KW, Gockel CM. Regulation of innate and
adaptive immunity by the female sex hormones oestradiol
and progesterone. FEMS Immunol Med Microbiol. 2003;
38:13-22. https://doi.org/10.1016/s0928-8244(03)00202-5.
Rider V, Jones SR, Evans M, Abdou NI. Molecular
mechanisms involved in the estrogen-dependent regulation
of calcineurin in systemic lupus erythematosus T cells.
Clin Immunol. 2000; 95:124-34. https://doi.org/10.1006/
¢clim.2000.4844.

Verthelyi D, Petri M, Ylamus M, Klinman DM.
Disassociation of sex hormone levels and cytokine
production in SLE patients. Lupus. 2001; 10:352-8. https://
doi.org/10.1191/096120301674365881.

Orstavik KH. Why are autoimmune diseases more prevalent
in women? Tidsskr Nor Laegeforen. 2017; 137:866-8.
https://doi.org/10.4045/tidsskr.16.0935.

Lepez T, Vandewoestyne M, Deforce D. Fetal microchimeric
cells in autoimmune thyroid diseases: harmful, beneficial or
innocent for the thyroid gland? Chimerism. 2013; 4:111-8.
https://doi.org/10.4161/chim.25055.

Sarkar K, Miller FW. Possible roles and determinants
of microchimerism in autoimmune and other disorders.
Autoimmun Rev. 2004; 3:454—-63. https://doi.org/10.1016/j.
autrev.2004.06.004.

Yehuda M, Wang CH, Pak Y, Chiu KC, Gianoukakis
AG. Parity and Risk of Thyroid Autoimmunity Based on
the NHANES (2001-2002, 2007-2008, 2009-2010, and
2011-2012). J Clin Endocrinol Metab. 2017; 102:3437-42.
https://doi.org/10.1210/jc.2017-00290.

Alberti KG, Zimmet PZ. Definition, diagnosis and
classification of diabetes mellitus and its complications.

49.

50.

51.

52.

53.

54.

Part 1: diagnosis and classification of diabetes mellitus
provisional report of a WHO consultation. Diabet Med.
1998; 15:539-53. https://doi.org/10.1002/(SICI)1096-
9136(199807)15:7<539::AID-DIA668>3.0.CO;2-S.
Milton JS. Regression and correlation. In: Milton JS, editor.
Statistical methods in the biological and health sciences.
New York: McGraw-Hill; 1992. 346-90.

Chang YH, Shiau MY, Tsai ST, Lan MS. Autoantibodies
against IA-2, GAD, and topoisomerase II in type 1 diabetic
patients. Biochem Biophys Res Commun. 2004; 320:802-9.
https://doi.org/10.1016/j.bbrc.2004.05.215.

International Expert Committee. International Expert
Committee report on the role of the AIC assay in the
diagnosis of diabetes. Diabetes Care. 2009; 32:1327-34.
https://doi.org/10.2337/dc09-9033.

American Diabetes Association. 2. Classification and
Diagnosis of Diabetes. Diabetes Care. 2016; 39:S13-22.
https://doi.org/10.2337/dc16-S005.

Leslie RD, Atkinson MA, Notkins AL. Autoantigens
IA-2 and GAD in Type I (insulin-dependent) diabetes.
Diabetologia. 1999; 42:3-14. https://doi.org/10.1007/
s001250051105.

Tung YC, Lee JS, Tsai WY, Hsiao PH. Evaluation of beta-
cell function in diabetic Taiwanese children using a 6-min
glucagon test. Eur J Pediatr. 2008; 167:801-5. https://doi.
org/10.1007/s00431-007-0594-9.

www.oncotarget.com

16283

Oncotarget



