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MATERIALS AND METHODS

Database structure

The DB system consists of an internal GWAS DB and a public GWAS DB. For a
maximum of | year, or until the acceptance of publication, submitted data are
stored in the internal GWAS DB and can be accessed only by the research team
that submitted the data for greater convenience in data sharing among research
teamn members living in various locations. Currently, the DB systems are
implemented using mysql version 5.0 (httpy//dev.mysql.com/downloads/
mysql/S.0.huml), and some of the statistical analysis results are also accumu-
lated in a distributed annotation system (DAS) server. A schematic drawing of
the GWAS DB is shown in Figure 1.
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In this DB, three types of data access, namely, (1) public access, (2) authorized
access accompanied by a data use application, and (3) authorized access
accompanied by a data use application and its review by a data access
committee, are possible. Prindpally, frequency data of genotypes and alleles
and statistical analysis results can be accessed freely. However, automatic access
and frequent access are restricted to prevent the release of frequency data of
genome-wide genotypes and alleles, as such a large volume of genotype/allele
data leads to the specification of whether the given genome is contained in the
case or in the control group, as reported previously® These genome-wide
frequency data can be obtained by submitting a data use application to the data
access committee. For the use of genotype or raw data, an application that

Public access

Public
GWAS-DB

DAS server

Raw data
Genotype data Data analysis Internal DAS server
archive server l GWAS-DB
; Analysis
Restricted access results Restricted access limited
— to members only

Submitted I
analyzed data

Figwre 1 Schematic drawing of genome-wide association study (GWAS) database (DB) systems.

Table 1 Susnmaty of database contents

Contents

Data sources

Statistics
Frequencies of genotypes, alleles and haplotypes

Statistical genetic analysis
P-values and odds ratios on genotypic model and allelic model
Pvalues and odds ratios on trend model, additive mode! and recessive mode!
Permutation test results
Bonferroni’s corrections and false discovery rate for multiple testing using
Akaike information criterion
Hardy-Weinberg equilibriumn test
Haplotype-based y2test
Epistasis
Linkage disequilibrium parameters (Z, [, Lod)

Other data
mRNA, amino-acid sequence of each gene
mRNA, genome-mapped position
SNP position and SNP kind (cSNP, sSNP, rSNP and so on)
OMIM
Copy number variation
Gene function
Microsatellite polymorphism
Manually curated disease-related mutation information

NCBI (http:/Awww.ncbi.nlm.nih.gov/)

UCSC Hg. 18 (http:/Mgdownload.cse.ucsc.edu/)
NCBI (http:/Avww.ncbi.nim.nih.gov/)

NGB! (hitp:/Awww.ncbi.ntm.nih.gov/)

DGV (http://projects.tcag.cafvariation/)

Gene ontology (http:/Awww.geneontology.org/)
UCSC (http:/hgdownload.cse.ucsc.edu/)
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describes the research purpose and lists the research team members must be
submitted to the data access committee. The data access committee deliberates
on whether the applicant’s research purpose meets the content of the consent
form. Only applicants approved by the review committee can use individual
genotype data and raw data in accordance with the data handling security rules
required by the data access committee and following data use restrictions on
the basis of informed consent.

Individual data and raw data are accumulated in the server in a secured
computer environment that is different from the public DB server. Only
authorized persons can access this server.

Data submission

In principal, both analysis results and unanalyzed data can be submitted. When
data have already been analyzed, the analyzed data are accumulated in this DB,
along with a detailed description of the analysis protocols. When data have not
been analyzed yet, they are analyzed in our site, and the results are accumulated
in this DB. When raw data are redistributable under certain conditions, they are
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also submitted with the contents of the consent form. All data must be
submitted with documents explaining the design of the study, as well as ethical
considevation.

Data cleaning for quality control

‘When data are submitted as individual data without analysis results, they
are analyzed as follows: (1) SNPs with a call rate <95% and samples with a
call rate <95% are removed. (2) SNPs, the Hardy-Weinberg equilibrium
test result of which in a control group is less than 0.001 or the minor allele
frequency of which is less than 0.05, are removed. (3) The principle
component analysis (PCA) of these case~control data, along with HapMap
data, is carried out using EIGENSTRAT? or other programs so that sample
outliers and samples with a possible ethnic mixture or a different ethnicity
are removed on the basis of the PCA result. Sample outliers in the plot of
heterozygosity versus call rate are also removed. The quantile—quantile plot
based on the allelic model is calculated and checked. When only genotype
frequency data are submitted, PCA and heterozygosity checks are skipped,
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Figure 2 Snapshots of the genome-wide association study (GWAS) database. (a) Top page, (b) bird’s-eye view, {c) Manhattan plot, (d) region table and graph,
(e) diseaseelated gene/single-nucleotide polymorphism (SNP) lists (public data) and (f) SNP network based on epistasis.
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as they require individual data. The cleaning results are linked from ‘study
details’ on the web.

Data analysis

Standard statistical genetic analyses are performed by plink'® and Haploview."!
Additional analyses such as the Akaike information criterion, epistasis and
more complicated ones (for example, genetic analysis considering potential case
samples existing in the control samples, which sometimes becomes a concern
for diseases that develop in old age) are calculated by internally developed
programs. The major statistics indude Pvalues hased on an allelic modd,
genotypic model, trend model, dominant model, recessive model and permu-
tation test results of these models, and Bonferroni’s correction and false
discovery rate for multiple testing. These metheds are also shown in ‘study
details’ When submitted data consist of only genotype frequency data, the
genome-wide permutation test is skipped.

Database contents and wutility
The DB contents (as of April 2009) are summarized in Table 1.

User data other than GWAS data, such as expression data and epigenetic
data, are also accumulated and can be displayed on the graph. Although clinical
data are not currently accumulated in the DB, they can be added if submitted.
Major tables are summarized in Supplementary Table 1.

A snapshot of the GWAS DB is shown in Figure 2. Figure 2a shows the top
page of the GWAS DB. When the ‘SNP contral’ tab is selected, the interface
jumps to the SNP control DB, which is affiliated to the GWAS DB and contains
allelic frequencies, genotypic frequencies, Hardy-Weinberg equilibrium tests
and estimated haplotype frequencies of Japanese control samples. Bird's-eye
view (Figure 2b) and Manhattan plot (Figure 2c) are provided to draw P-values
of each model. A genome region can be selected from both (Figures 2b and ¢),
and the results of statistical genetic analysis along with other information such
as exon—intron information and copy number variations (CNVs) can be
displayed in tables and graphs to facilitate the identification of disease-related
SNPs, as shown in Figure 2d. Furthermore, comparisons among various study
results obtained by different institutions and/or different platforms can be
carried out easily by plotting their graphs on the web (using the ‘add study’
function in Figure 2d). When the published disease-related gene or SNP is
registered as shown in Figure 2¢, data are plotted as a known disease-related
gene/SNP in the graph (Figure 2d). Epistasis data are also accumulated and
drawn as 2 network graph using Graphviz (hup:/fwww.graphvizorgf), as
shown in (Figure 2f). Data can be searched by SNP ID (dbSNP ID #rs,
affymetrix SNP 1D and so on), gene name, disease name and so on. The study
design and analysis protocols can also be browsed.

Statistical results are also accumulated on a DAS server, and they can be
browsed using the Gmod Gbrowse (hitp://gmod.org/wiki/Main_Page)-based
browser (http://gwaslifesciencedb.jp/cgi-bin/gbrowse/snpdb/). Furthermore, as
a function of the DAS server, data on other DAS servers such as Ensemble can
be called up. This function is useful to superimpose data from other DBs onto
GWAS data. The GWAS DB is designed to be user friendly for researchers
unfamiliar with GWAS to promote disease-related studies,

Farther development

A recent topic of interest is genome-wide association analysis coupled with
other data such as pathnway data'? to compensate for the low statistical power in
disease-associated candidate SNPs. The function to browse or calculate SNP/
SNP pair P-values on the basis of the GWAS result, along with other data, will
be added to this DB to facilitate the generation and understanding of user
hypotheses.

The relationships between CNVs and diseases have begun to emerge in
recent studies.!3 Although concerns remain about the quality of detected CNVs,
genomic locations and frequencies of CNV regions and their case-control
association study results will be incorporated into this DB. Furthermore, in the
near feature, new high-throughput techniques such as short-read sequencing
will be applied for GWAS, and this DB will be improved to suit the new
experimental techniques.
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Autoantibodies to Insulin, Insulinoma-Associated
Antigen-2, and Zinc Transporter 8 Improve the
Prediction of Early Insulin Requirement in
Adult-Onset Autoimmune Diabetes

Eiji Kawasaki, Kan Nakamura, Genpei Kuriya, Tsuyoshi Satoh,
Hironaga Kuwahara, Masakazu Kobayashi, Norio Abiru, Hironori Yamasaki,
and Katsumi Eguchi

Department of Metabolism/Diabetes and Clinical Nutrition (E.K., K.N.), Nagasaki University Hospital,
Nagasaki 852-8501, Japan; Department of Endocrinology and Metabolism (G.K., 7.S., H.K., MK, N.A.,
K.E.), Unit of Translational Medicine, Nagasaki University Graduate School of Biomedical Sciences,
Nagasaki 852-8523, Japan; and Center for Health and Communicating Medicine (H.Y.), Nagasaki
University, Nagasaki 852-8521, Japan

Objective: The aim of this study was to identify the predictive marker for early insulin requirement
in adult-onset autoimmune diabetes in the Japanese populations.

Design/Patients: We analyzed insulin autoantibodies (IAA), insulinoma-associated antigen-2 (1A-2)
autoantibodies (IA-2icA), and zinc transporter 8 (ZnT8) autoantibodies (ZnT8A) by radicimmuno-
assay in 47 Japanese patients with adult-onset autoimmune diabetes who were identified by native
GAD autoantibody (nGADA) screening of approximately 3000 non-insulin-requiring diabetes pa-
tients and 302 nGADA-negative type 2 diabetes patients. Furthermore, GAD65 autoantibody-
specific epitopes were also analyzed using GAD65/GAD67 chimeric constructs.

Results: The prevalence of 1AA, 1A-2icA, and ZnT8A in nGADA-positive patients was 26, 15, and
19%, respectively, which was significantly higher than that in nGADA-negative type 2 diabetes (2,
2, and 2%; P < 0.0001). Among nGADA-positive patients, 38% had one or more of lAA, 1A-2icA, or
ZnT8A, and 15% had two or more of these autoantibodies, compared with none of the nGADA-
negative patients (P < 0.0001). Thirty-six percent of nGADA-positive patients subsequently re-
quired insulin therapy; and high nGADA titer (log-rank P = 0.003), middIe epitope recognition of
GAD65A (P = 0.002), and the presence of one or more of |AA, IA-2icA, or ZnT8A (P = 0.002) at
diagnosis marked the risk for early requirement of insulin therapy. Multivariate logistic regression
analysis showed the multiple islet autoantibodies to be independently associated with the risk for
insulin requirement (odds ratio = 13.77; 95% confidence interval, 2.77-68.45; P = 0.001).

Conclusions: These results indicate that the determination of IAA, IA-2icA, and ZnT8A improves the
prediction of a future insulin insufficiency in adult-onset autoimmune diabetes, which appears to be
superior to GADA titer and GAD65A-specific epitopes. {J Clin Endocrinol Metab 95: 707-713, 2010)

utoantibodies to glutamic acid decarboxylase (GAD)
A identify the subset of adult-onset patients with type
2 diabetes who initially do not require insulin treatment
but who may develop insulin dependency within a few
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years after diagnosis. This form of diabetes is variably
referred to as latent autoimmune diabetes in adults (1),
slowly progressive type 1 diabetes (2), or adult-onset auto-
immune diabetes (3). Although the high titer of GAD

Abbreviations: Cl, Confidence interval; CV, coefficient of variation; GAD, glutamic acid
decarboxylase; GADA, GAD autoantibodies; IA-2, insulinoma-associated antigen-2; 1A-2A,
1A-2 autoantibodies; 1AA, insulin autoantibodies; 1A-2icA, cytoplasmic region of 1A-2
(2a601-979) autoantibodies; NGADA, native GADA,; RR, refative risk; TBST, Tris-buffered
saline/Tween 20; ZnT8, zinc transporter 8; ZnT8A, ZnT8 autoantibodies.
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autoantibodies (GADA) has been reported as a predictive
marker of insulin dependency, there are a certain number
of patients with high titer of GADA who do not progress
toinsulin dependency for many years, indicating that there
are other markers that distinguish the nonprogressors
from progressors (2, 4). It has been reported that the de-
termination of GADA epitopes in patients with type 2
diabetes helps to define type 1 diabetes phenotypes, and
the presence of GADA binding to middle plus COOH-
terminal epitope is strongly associated with a type 1 diabetes
phenotype (5, 6). Japanese patients with slowly progressive
type 1 diabetes with insulin treatment have GADA that rec-
ognize NH,- and COOH-terminal epitopes, suggesting that
NH,-terminal epitope may be associated with the immuno-
logical characteristics of slowly progressive type 1 diabetes
(2). Adult-onset autoimmune diabetes is solely identified by
the detection of islet autoantibodies, with GADA being the
antibody marker with the highest prevalence, followed by
autoantibodies to insulinoma-associated antigen-2 (IA-2)
and insulin, which are detected in 15-20% of GADA-posi-
tive cases (3, 7, 8), and their presence increases the relative
risk of these patients for requiring insulin therapy (8, 9). Re-
cently, the zinc transporter 8 (ZnT8) has been identified as a
novel autoantigen in type 1 diabetes, but the clinical rele-
vance of ZnT8 autoantibodies {ZnT8A) in adult-onset au-
toimmune diabetes is uncertain. The aim of the present study
was to identify the predictive marker for early insulin re-
quirement in adult-onset autoimmune diabetes using insulin
autoantibodies (IAA), IA-2 autoantibodies (IA-2A), and
ZnT8A together with GAD65A-specific epitope recognition.

Subjects and Methods

Subjects
All patients investigated were participants in the West Japan
Study for GAD Autoantibody-Positive Diabetes, a prospective
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nationwide study in the west part of Japan (Kyusyu, Yamaguchi,
and Osaka areas), conducted with the aim of assessing the pre-
dictive markers for early insulin requirement in adult-onset
autoimmune diabetes (10). The following criteria were used for
enrollment in the project: more than 30 yr of age at diagnosis,
nonketotic diabetes, no requirement for insulin treatment at the
time of native GADA (nGADA) screening, and an initial diag-
nosis of type 2 diabetes based on the criteria of the National
Diabetes Data Group (11). Patients with other types of diabetes
were excluded. Overall, 349 Japanese patients with initial non-
insulin-requiring diabetes, including 47 nGADA-positive pa-
tients and 302 nGADA-negative patients, were studied.
nGADA-positive patients were identified by nGADA screening
in approximately 3000 non-insulin-requiring diabetes recruited
between April 1996 and December 1999 and were prospectively
followed up to 9 yr. nGADA-negative patients were randomly
selected from nGADA-negative type 2 diabetes. The clinical
characteristics of the subjects at the time of nGADA screening are
shown in Table 1. All subjects were informed of the purpose of
the study, and their consent was obtained. Protocols were ap-
proved by the ethics committee of the Nagasaki University. Sera
were stored at ~20 C until use.

GADA screening

GADA RIA used for screening of autoimmune diabetes was
anti-GAD RIA kit using '**I-labeled porcine brain native GAD,
which contains both GAD65 and GADé67 isoforms (RIP anti-
GAD Hoechst; Hoechst-Behring, Tokyo, Japan) as previously
described (12). Sera were considered as nGADA-positive if they
contained more than 5§ U/ml of autoantibody, whichis 3 spabove
the mean value in 140 normal control subjects. In the fourth
GAD antibody workshop, this assay had 100% specificity and
100% sensitivity.

GADG65A and GAD67A detection

GAD65A and GAD67A were detected by quantitative radio-
ligand binding assay using full-length human islet GAD65 and
GADG67 cDNA as previously described (13). “Positive” was
based on the 99th percentile of sera from 204 healthy control
subjects without family history of diabetes. The cutoff indices
were an index of 0.028 for GAD6SA and 0.071 for GAD67A.
The interassay coefficient of variation {CV) and intraassay CV

TABLE 1. Clinical characteristics of adult-onset diabetes

nGADA-positive

nGADA-negative type 2

diabetic patients diabetes patients P value
n 47 302
Males 22 (47%) 139 (46%) N.S.
Age at diagnosis (yr) 48.1 £ 125 536+ 11.0 <0.005
Duration of diabetes (yr) 49+58 8068 <0.001
Body mass index (kg/m?) 220+ 4.1 23.0+34 <0.05
HbA ¢ (%) 8.1+22 81+75 N.S.
IAA 12 (26%) 5(2%) <0.0001
IA-2icA 7 (15%) 5(2%) <0.0001
ZnT8A 9(19%) 6 (2%) <0.0001
=1 autoantibodies? 17 (36%) 16 (5%) <0.0001
=2 autoantibodies 7 (15%) 0(0%) <0.0001
3 autoantibodies 4 (9%) 0(0%) <0.0001

Data are expressed as means *+ sp or number (percentage). N.S., Not significant; HbA, ¢, glycosylated hemoglobin.

2 Positive for one or more of IAA, 1A-2icA, or ZnT8A.
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were 3.3 and 5.3% for GAD6SA and 4.1 and 8.8% for
GAD67A. In the Diabetes Autoantibody Standardization Pro-
gram 2005 (DASP 2005), the GAD635A assay had sensitivity of
74% and specificity of 98%.

1A-2A detection

The cDNAs used for the detection of IA-2A were the complete
cytoplasmic region of TA-2 (aa601-979; 1A-2ic). IA-2icA were
detected by radioligand binding assay as previously described
(14). “Positive” for IA-2icA was based on the 99th percentile of
sera from 204 healthy control subjects, and the cutoff index was
0.018. In the DASP 2005, the IA-2icA assay had a sensitivity of
68% and specificity of 96%, respectively. Patients were also
tested for IA-2,5¢_»60A, Which has been recently reported as a
sensitive marker for the detection of islet autoimmunity in adult-
onset diabetes (7). The cutoff index for IA-2, 54 _-¢0A was 0.097,
which was based on the 99th percentile of sera from 102 healthy
control subjects.

IAA detection

IAA assay was carried out by a micro-IAA assay as previously
described (15), with some modification. Briefly, in Tris-buffered
saline/Tween 20 [TBST; 20 mum Tris-HCl (pH 7.4), 150 mMm
NaCl, 1.0% BSA, 0.15% Tween 20], "**I-insulin (Amersham
International, Buckinghamshire, UK) was incubated at 4 C over-
night with S ul of serum (at a 1:25 dilution) with and without
cold human insulin, respectively. After the incubation, 50 ul of
a 50% protein A/8% protein G-Sepharose 4FF (Pharmacia, Fre-
burg, Germany) in TBST was added to the reaction in a Multi-
Screen-DV 96-well filtration plate (Millipore, Burlington, MA).
After the incubation and washing with cold TBST (0.1% BSA),
radioactivity was counted by B-counter in counts per minute.
Based on the difference in counts per minute between wells with-
out and with cold insulin, an index was determined with a pos-
itivity criterion of 0.010 based on the 99th percentile of sera from
healthy control subjects. The interassay CV and intraassay CV
were 6.8 and 1.4%, respectively. In the DASP 2005, this assay
had sensitivity of 58% and specificity of 98%.

ZnT8A detection

ZnT8A were determined by radioligand binding assay using
human ZnT8 cDNA as described previously (16). The human
ZnT8 cDNA construct used in this study was a fusion of the
cytoplasmic carboxy-terminal domains (aa268-369) of ZnT8
carrying either 325Trp (LGG) or 325Arg (CGG) with anIg Cy3
hinge sequence with three glycine (PSTPPGSSGGG) as linker
peptide (pJH4.1). The cutoff index for ZnT8A was 0.007, which
was based on the 99th percentile of sera from 139 healthy control
subjects. The interassay CV and intraassay CV were 9.6 and
4.6%, respectively.

GAD65A-specific epitope analysis

Reactivity to conformational epitopes of GAD65 was deter-
mined by radioligand binding assays using in vitro transcribed and
translated **S-GAD65/GAD67 chimeric fusion proteins with un-
labeled recombinant GAD67 protein as previously described (13).
To evaluate the immunoreactivity to the NH,-terminal re-
gion of GAD65, we used the chimeric constructs designated
as GAD65,_,4s/GAD67,55_s0s, GAD6S,_3¢o/GADE7 360 _s04s
and GAD6S | »,/GAD67,55_45/GADES 445 sgs. The middle re-
gion epitope was evaluated by GAD67,_,3/GAD65,45 360/
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GAD67 54004y GAD67,_35/GAD6ES 14555, and GADES | s/
GAD67545_s04 constructs, The COOH-terminal epitope was
evaluated by GAD67,_,5,/GADG65,,45 555, GAD65 545/
GAD67555 45,/GAD6S 443_sgs and GAD67;_55/GADES 45 sas
constructs. To absorb the reactivity to GAD67 epitopes, sera were
preincubated with the excess amount (~30 pg) of bacterially pro-
duced and purified unlabeled recombinant GAD67, followed by
the addition of in vitro translated **S-labeled to each chimeric
protein. Autoantibody levels were expressed as indices using the
same positive and negative control serum for all chimeric mole-
cules, The cutoff indices, defined as the 99th percentile of 102
healthy control sera, were an index of 0.036, 0.041, 0.020, 0.024,
0.001, and 0.003 for GAD6S ,_,45/GAD675 55 soar GADE7, 55/
GAD6S545_susy GAD67,_451/GAD6S 443555, GADES,_se0f
GADG67369_s594, GAD671_553/GADES 45 360/ GAD67 369 554, and
GADG6S,_545/GAD6E7 553 451/GADES 445 555, respectively. To
correct for the interassay variation, all GADA-positive sam-
ples were analyzed in a single assay. The intraassay CV was
9.0% for GAD6S,_p4s/GAD67,553_s0s 7.5% for GADE7,_yss/
GAD6S 545 sas, 14.7% for GAD67,_451/GAD6S 145 555, 4.6%
for GAD6S, 360/ GAD67 3¢5 _s04, 2.3% for GAD67; 554/
GAD6S545_360/GAD675c0_s0q, and 4.6% for GADES, 45/
GAD67,53_451/GADES 445_s5s, respectively.

Statistical analysis

Statistical analysis was performed using StatView statistical
software (version 5.0; SAS Institute, Cary, NC). Results were
expressed as mean * sD unless otherwise indicated. Autoanti-
body prevalence was compared using the x” test, Fisher’s exact
test, and Cochran-Armitage’s test where appropriate. Differ-
ences in nonparametric data were tested by Mann-Whitney U
test or Kruskal-Wallis test. Kaplan-Meier analysis of time to
starting insulin therapy in relation to autoantibody status with a
log-rank test was performed. Relative risks (RRs) were calcu-
lated from frequency tables comparing multiple autoantibody-
positive groups with those negative for all three autoantibodies
in nGADA-positive diabetes. Multivariate logistic regression
analysis was performed to assess the importance of a high titer of
nGADA, the recognition of middle GAD65A epitope, and the
presence of multiple islet autoantibodies to the requirement for
insulin in nGADA-positive patients. All variables were entered
simultaneously into the model. A P value less than 0.05 was
considered statistically significant.

Results

Clinical characteristics and prevalences of I1AA,
1A-2icA, and ZnT8A in nGADA-positive
and -negative adult-onset diabetes

Clinical characteristics at the time of nGADA screening
and the prevalence of IAA, IA-2icA, and ZnT8A in
nGADA-positive and -negative patients are shown in Ta-
ble 1. The adult-onset patients with nGADA were signif-
icantly younger at diagnosis and had lower body mass
index than nGADA-negative patients with type 2 diabetes
(P < 0.05; Table 1). The prevalence of IAA, 1A-2icA, and
ZnT8A innGADA-positive patients was 26, 15,and 19%,
respectively, and was significantly higher than the preva-
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nGADA-positive (n=47) nGADA-negative (n=302)

1A-2icA

30 286
ZnT8A {84%) ZnT8A (85%)

FIG. 1. The frequencies of IAA, IA-2icA, and ZnT8A in nGADA-positive
and -negative adult-onset diabetes patients initially diagnosed as
having type 2 diabetes.

lence in nGADA-negative patients (P < 0.0001; Table 1).
Among nGADA-positive patients, 30 (64 %) patients had
positive results for nGADA alone and 17 (36%) for
nGADA with one or more of IAA, IA-2icA, or ZnT8A
(Table 1 and Fig. 1). However, none of the nGADA-neg-
ative patients had a positive result for more than one of
these autoantibodies (Fig. 1).

GADG65A-specific epitope reactivity in
nGADA-positive patients

Sixteen of 47 (34%) nGADA-positive patients had a
GAD67A index above the 99th percentile of healthy con-
trols. Because construction of the chimeras for expression
of GAD6S5 epitopes incorporated regions of GAD67, all
samples positive for GAD67A were preincubated with the
excess amount of recombinant GAD67 protein before the
GAD65A-specific epitope analyses. The most frequent
epitope pattern was reactivity to both the COOH-terminal
(amino acids 443-585) and middle regions {(amino acids
245-360)[30 0f 47 (64 %)] and seven of 30 (23 %) patients
also had reactivity to the NH,-terminal region (amino acids
1-245). One (2%) and 13 (28%) of 47 nGADA-positive pa-
tients recognized the middle and COOH-terminal region
alone, respectively. No reactivity to any of the epitopes of
GADG6S5 could be detected in three patients.

nGADA titers were associated with the recognition of
GAD6S5A-specific epitopes. The median titer of nGADA in
patients reacted with the middle (168.0 U/ml) and NH,-
terminal (300.0 U/ml) epitope region was significantly
higher than in patients without reactivity (10.0 U/ml, P <
0.0001; and 38.0 U/ml, P < 0.0, respectively) (Supple-
mental Table 1, published as supplemental data on The
Endocrine Society’s Journals Online web site at http://jcem.
endojournals.org). Of note, all of the patients reacted with
NH,-terminal epitope had nGADA titer above the 50th
percentile of nGADA-positive patients (43.0 U/ml). Fur-
thermore, the number of epitopes was also associated
with nGADA titer, i.e. patients with all three epitopes
had the highest nGADA titer (Supplemental Table 2).
However, there were no associations between GAD65A-
epitope recognition and clinical phenotypes among
nGADA-positive patients. Moreover, no significant dif-
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FIG. 2. Kaplan-Meier plot of the proportion of nGADA-positive
patients requiring insulin therapy classified according to the titer of
nGADA. High GADA titer, nGADA of at least 20 U/ml; low GADA titer,
nGADA below 20 U/ml. P value was evaluated by a log-rank test.

ferences were seen in the frequencies of IAA and/or IA-
2icA and/or ZnT8A between patients with and without
NH,-terminal, middle or COOH-terminal region reac-

tivity as well as number of epitopes (Supplemental Ta-
bles 1 and 2).

Relationship of humoral autoreactivity to disease
progression

Seventeen of 47 (36 %) nGADA-positive patients sub-
sequently required insulin therapy during the follow-up
period (median, 2.0 yr, range, 1.0-9.0 yr). “Insulin re-
quirement” was defined as the clinical need to commence
insulin therapy in patients whose glycemic control became
unacceptable despite oral hypoglycemic agents. As ex-
pected, high titer of nGADA was associated with the re-
quirement of insulin therapy (log-rank P = 0.003; Fig. 2)
(10). Furthermore, the middle epitope recognition of
GAD65A marked the risk for requirement of insulin ther-
apy (log-rank P = 0.002; Supplemental Fig. 1). However,
the presence or absence of NH,- or COOH-terminal
epitope was not associated with early insulin requirement
(data not shown).

The prevalence of nGADA-positive patients who had
been started on insulin therapy during the follow-up was
75% (nine of 12), 71% (five of seven), or 67 % (six of nine)
in IAA-, TA-2icA-, or ZnT8A-positive patients, respec-
tively. The presence of IAA was marginally associated
with the early requirement of insulin therapy in nGADA-
positive patients by Kaplan-Meier analysis (log-rank P =
0.04). However, the presence of either IA-2icA or ZnT8A
was not associated with increased risk of disease progres-
sion (data not shown). Given the combined analysis of
IAA, TA-2icA, and ZnT8A, the risk of early insulin re-
quirement in patients with one or more of these autoan-
tibodies significantly increased vs. patients with nGADA
alone (log-rank P = 0.002; Fig. 3). The prevalence of
nGADA-positive patients who had been started on insulin
therapy was 17% (five of 30) in patients with nGADA
alone, compared with 70% (seven of 10), 67% (two
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FIG. 3. Kaplan-Meier plots of the proportion of nGADA-positive
patients requiring insulin therapy classified according to the
simultaneous presence of one or more of 1AA, IA-2icA, or ZnT8A.
GADA alone, nGADA single positive; multiple Abs, IAA and/or 1A-2icA
and/or ZnT8A positive in addition to nGADA. P value was evaluated by
a log-rank test.

of three), or 75% (three of four) in patients with one,
two, or three of IAA, IA-2icA, and ZnT8A, respectively.
1A-2,5¢_760A were detected in 16 0f 47 (34%) nGADA-pos-
itive patients, a higher percentage vs. IA-2icA (15%; P <
0.05) as recently reported (7), but were not associated with
the risk for insulin requirement (data not shown). The prev-
alence of 1A-2,5¢_760A in NGADA-negative patients was
10.9% (33 of 302), which is significantly lower than that in
nGADA-positive patients (P < 0.0001).

Next, we analyzed the relationship of the risk of early
insulin requirement to nGADA titer, the recognition of
GAD65A-specific epitopes, and the presence of multiple
islet autoantibodies (Table 2). The prevalence of insulin-
requiring diabetes in patients with multiple islet autoan-
tibodies (IAA, IA-2icA, ZnT8A) was significantly higher
than that in nGADA single-positive patients both in the
high nGADA titer group [RR, 3.81; 95% confidence in-
terval (CI), 1.30-11.13; P = 0.004) and in the middle
GADG65SA epitope-positive group (RR, 3.56; 95% CI,
1.21-10.48; P = 0.007). Multivariate logistic regression
analysis of the likelihood of requiring insulin showed
that only the presence of multiple islet autoantibodies
was a significant predictor (odds ratio, 13.8; 95% ClI,
2.77-68.45; P = 0.001) in nGADA-positive patients
(Table 3).
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TABLE 3. Multivariate logistic regression analysis for
the association of islet autoantibody status with early
insulin requirement among nGADA-positive patients

Insulin requirement
Variable OR 95% CI  Pvalue

High GADA titer 0.61 0.05-6.91 0.652

Middle GAD65A epitope-positive 12.03 0.64-224.9 0.096

Multiple islet 13.77 2.77-68.45 0.001
autoantibody-positive

All variables were entered simultaneously into the model. High GADA
titer, NnGADA = 20 U/ml; multiple islet autoantibody-positive, positive
for one or more of IAA, IA-2icA, or ZnT8A in addition to nGADA. OR,
Odds ratio.

Discussion

This study shows that: 1) the presence of two or more of
IAA, IA-2icA, and ZnT8A is highly specific for nGADA-
positive patients; 2) the middle and NH,-terminal epitopes
are associated with high nGADA titer; and 3) the presence of
one or more of IAA, IA-2icA, or ZnT8A marks the risk for
insulin requirement in adult-onset autoimmune diabetes.

Among47 patients withnGADA, 15-25% had positive
results for IAA, IA-2icA, or ZnT8A, and 36% for one or
more of these autoantibodies. However, none of the
nGADA-negative patients had a positive result for more
than one of these autoantibodies. These results indicate
that the presence of two or more of IAA, IA-2icA, and
ZnT8A is highly specific and screening of these autoanti-
bodies will be helpful only among those nGADA-positive
patients, suggesting that GADA may still be the first
screening tool and the other autoantibodies will be the
second tool. Furthermore, this study demonstrated that
IAA and ZnT8A, reported as autoantibodies associated
with childhood-onset type 1 diabetes, are also useful
markers to be analyzed in patients with adult-onset auto-
immune diabetes initially diagnosed as having type 2
diabetes.

Anti-islet autoantibodies including GADA are poly-
clonal, and determination of conformational epitopes of
GADG65A has been suggested as a method for differenti-

TABLE 2. Prevalence of insulin-requiring diabetes in patients with high nGADA titer or GAD65A middle epitope

subdivided for presence of IAA, 1A-2icA, and ZnT8A

Insulin-requiring diabetes, n (%)

Multiple islet nGADA
autoantibody-positive single-positive RR 95% ClI P value
Total 12/17 (71%) 5/30 (17 %) 4.24 1.80-9.98 0.0002
High GADA titer 10/13 (77 %) 4/17 (24%) 3.81 1.30-11.13 0.004
Middle GAD65A epitope-positive 10/13 (77 %) 5/18 (28%) 3.56 1.21-10.48 0.007

High GADA titer, nGADA = 20 U/ml; multiple islet autoantibody-positive, positive for one or more of IAA, IA-2icA, or ZnT8A in addition to

nGADA.
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ation of disease and/or progression in adult-onset diabetes
(2, 5). Autoantibody epitopes on GAD65 engage confor-
mational determinants that are widely distributed over the
linear sequence of the NH,-terminal, middle, and COOH-
terminal domains (17-19). We demonstrated that major
GADG6SA epitopes in adult-onset autoimmune diabetes
locate in the middle and COOH-terminal domains and the
reactivity to NH,-terminal epitope is essentially associ-
ated with higher titer of nGADA. Our findings contrasted
with some previous studies in which NH,-terminal epitope
was associated with nondiabetic subjects, but not in patients
with type 1 diabetes, in a Caucasian population (4, 17-20).
The discrepancy between these findings and those of the
present study could be related to the elimination of
GADG67A-positive sera (4), determination of GAD65A
epitopes without preabsorbing the GAD67A reactivity (4,
5) in the previous studies, or different genetic background.
Indeed, none of the GAD67A-negative sera bound to
NH,-terminal epitope in our study. However, our data are
consistent with the evidence that GAD65/67 reactive sera
have broader epitope reactivity than GAD65-specific sera
(20), that the presence of NH,-terminal GAD6SA was
strongly associated with that of GAD67A and high levels
of GAD6S5A (5), and that NH,-terminal GAD6SA-posi-
tive sera were also positive for both GAD65A middle- and
COOH-terminal epitopes (S5).

Identification of better predictive markers associated
with disease progression in patients with adult-onset au-
toimmune diabetes could assist with maintenance of good
glycemic control and hence avoidance of diabetic compli-
cations. It has been reported that high titer of GADA and
GADG635A epitope act as predictive markers of future in-
sulin insufficiency in adult-onset autoimmune diabetes (5,
10, 21, 22). Here, we demonstrated that the presence of
middle-epitope GAD65A and multiple islet autoantibod-
ies is associated with early insulin requirement (Fig. 3 and
Supplemental Fig. 1}. Furthermore, our study showed that
more than 90% of patients with middle-epitope GAD65A
have a high titer of GADA (Supplemental Table 1), which
may explain the previously identified association between
the GADA titer and future insulin insufficiently. The ad-
ditional determination of IAA, TA-2icA, and ZnT8 A might
discriminate the higher risk patients for early requirement
of insulin therapy independent of high GADA titer or mid-
dle GAD65A epitope. However, the number of patients
with GADA studied is relatively small, which could bring
on the low statistical power to assess the risk for insulin
requirement especially in IA-2icA- and ZnT8A-positive
subjects. Therefore, further studies using a larger number
of subjects are required to establish the strategy for the
prediction of future B-cell failure in adult-onset autoim-
mune diabetes.
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