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KEYWORDS ; Abstract  The aim of this study was to evaluate the humoral autoreactivity to zinc transporter
Autoantibodies; - 8 (ZnT8) depending on the clinical phenotype of type 1 diabetes (T1D). ZnT8 autoantibodies
Epitope; - S (ZnT8A) were determined by radioimmunoassay using carboxy-terminal ZnT8 constructs in 57
Fulminant; ; childhood-onset, 97 adult-onset, and 85 fulminant T1D. The ZnT8A frequency was higher in
HLA; childhood-onset patients and decreased with increasing age of onset from 70% to 24%
Type 1 diabetes; (Ptrend<0.005). None of the patients with fulminant T1D was positive for ZnT8A. There were at
Zinc transporter-8. least two distinct ZnT8A epitope patterns associated with the aa325-restriction, childhood-onset

patients have aa325-nonrestricted response more frequently compared to the adult-onset group
(P<0.05). The level of ZnT8A was inversely associated with the copy number of HLA-DR4 allele
(P<0.05). These results suggest differences in the humoral autoreactivity to ZnT8 depending on
the clinical phenotype, which should provide strategy for autoantibody measurement in subjects
to allow early diagnosis of autoimmune T1D.
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1. Introduction

Type 1 diabetes is an autoimmune disease characterized by
T-cell-mediated destruction of pancreatic B cells and the
presence of circulating autoantibodies directed against
several B cell autoantigens [1]. Although type 1 diabetes is
frequently considered to be a childhood disease, it may
develop at any age, and a greater proportion of type 1
diabetic cases are diagnosed later in life [2]. Moreover, there
is increasing evidence that type 1 diabetes, especially in
adult-onset patients, includes clinically and immunologically
heterogeneous type. Those include slow-onset and fulminant
type 1 diabetes [3]. Although the different clinical pheno-
types may depend on the extent of 3 cell destruction, the
underlying immune mechanisms are largely unknown.

To date, the expression of anti-islet autoantibodies has
been the best phenotypic marker of autoimmune type 1
(type 1A) diabetes [1]. Recently, the cation efflux trans-
porter zinc transporter 8 (ZnT8) has been identified as a
novel target autoantigen in patients with type 1 diabetes [4].
Zinc transporters are multipass transmembrane proteins that
function in the transport of zinc out of the cytoplasm or into
the vesicles [5]. ZnT8 is specifically expressed in the
pancreatic p-cells and plays a major role in insulin
maturation [4,6]. Previous studies have reported that
autoantibodies to ZnT8 (ZnT8A) were identified in more
than 60% of young patients with type 1 diabetes and the
combined measurement of autoantibodies to insulin (IAA),
glutamic acid decarboxylase (GADA), and protein tyrosine
phosphatase 1A-2 (IA-2A), and ZnT8A raised autoimmunity
detection rates to 98% at disease onset in Caucasoid
populations [4]. However, the relevance of ZnT8A in patients
with adult-onset type 1 diabetes, especially in cases of slow-
onset and fulminant type 1 diabetes, has not been clarified.
The intent of this study was to evaluate the association of
humoral autoreactivity to ZnT8 with clinical heterogeneity in
Japanese patients with type 1 diabetes and establish its
potential use as an additional marker of autoimmunity and
phenotype characterization. We also examined the influence
of HLA-DR on reactivities to ZnT8 protein.

2. Materials and methods
2.1. Subjects

One hundred and sixty-six new-onset patients with type 1
diabetes consecutively recruited at our hospital between
1982 and 2008 with disease duration <6 months were
studied. They consisted of 57 childhood-onset patients
{childhood-onset, age <15 years) (59.7% female, age 9.7+
3.6, median 10.0, range 2.0-14.0 years, median duration
0.40, range 0-6.0 months) and 97 adult-onset patients
(adult-onset, age >18years) (63.9% female, age 35.1z
16.2, median 28.0, range 18.0-77.0 years, median duration
0.45, range 0-6.0 months) with type 1 diabetes. The
remaining 12 patients with type 1 diabetes diagnosed
between 15 and 17 years of age (58.3% female) were
unclassified.

Adult-onset subjects were further divided into three groups
according to the mode of diabetes onset (acute-onset, slow-
onset, and fulminant). In patients with acute-onset type 1

diabetes, the duration of hyperglycemic symptoms before the
start of insulin therapy was less than 3 months. In patients with
slow-onset type 1 diabetes, insulin treatment was initiated
>1 year after the diagnosis of diabetes by the positive urine
glucose test or the development of hyperglycemic symptoms
[7]. Diagnostic criteria for fulminant type 1 diabetes were 1)
ketosis or ketoacidosis within a week after the onset of
hyperglycemic symptoms, 2) plasma glucose level > 16 mMand
HbA1c <8.5% at the first visit, and 3) urinary C-peptide level
<10 pg/day, fasting serum C-peptide level <0.3 ng/ml or
serum C-peptide <0.5 ng/ml after glucagon or a meal load [3].
Of 97 adult-onset patients, 54 (55.7%) were acute-onset, 28
(28.9%) were slow-onset, and 15 (15.5%) had fulminant type 1
diabetes. To increase the number of patients in this study, we
also examined the data for a second set of patients with
fulminant type 1 diabetes (n=70), which was provided by the
Fulminant Type 1 Diabetes Committee of the Japan Diabetes
Society [8]. Therefore, a total of 85 patients with fulminant
type 1 diabetes (36.5% female, age 43.3+16.1 years) were
used for autoantibody analysis. All childhood-onset subjects
were considered to be acute-onset forms based on the
aforementioned criteria. All patients with diabetes analyzed
in the present study were diagnosed according to the American
Diabetes Association criteria for the classification of diabetes
[9]. Allsubjects were informed of the purpose of the study, and
their consent for study participation was obtained. Protocols
were approved by the ethics committee of Nagasaki University
and the Japan Diabetes Society. Sera were stored at —20 °C
until use.

2.2. InT8 autoantibody assay

Fig. 1 illustrates the secondary structure of full-length
human ZnT8 and the constructs used in this study. ZnT8A
were determined by radioligand binding assay using a
dimeric cDNA construct of the carboxy-terminal domains
(aa268-369) carrying 325Trp and 325Arg (CW-CR), which
showed higher sensitivity with the same specificity compared
with individual monomeric constructs in our previous study
[10]. The cut-off value for ZnT8A-CW-CR was an index of
0.007, which was based on the 99th percentile of sera from
139 healthy control subjects. The inter-assay coefficient of
variation (CV) and intra-assay CV values were 9.6% and 4.6%,
respectively. In this study, ZnT8A were considered as
“positive” if sera were ranked as positive for ZnT8A-CW-
CR. In the Diabetes Autoantibody Standardization Program
2009 (DASP 2009), this assay had 40% sensitivity and 100%
specificity.

Autoantibody reactivities to ZnT8 aa325 variants were
also determined using the carboxy-terminal domains
(aa268-369) of cDNA encoding the aa325 codon variants
CCG (Arg, CR), TCG (Trp, CW), and CAG (Gln, CQ) to analyze
an epitope specificity (Fig. 1). The cut-off index was 0.018
for ZnT8A-CW, 0.016 for ZnT8A-CR, and 0.006 for ZnT8A-CQ
based on the 99th percentile of sera from 139 healthy control
subjects. The inter-assay CV and intra-assay CV values were
5.9% and 6.8% (ZnT8A-CW), 10.4% and 5.7% (ZnT8A-CR) and
6.3% and 7.5% (ZnT8A-CQ), respectively. These autoantibo-
dies were determined in 52 childhood-onset and 161 adult-
onset patients, including 85 patients with fulminant type 1
diabetes because of serum availability.
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Figure 1

Schematic representation of full-length human ZnT8 and the amino acid boundaries of four constructs used in this study.

Numbers correspond to the amino acid residues of the ZnT8 published sequence [4,6]. A hinge sequence of CW-CR construct is derived
from the human IgG heavy chain. TM, transmembrane region; *polymorphic site.

2.3. Detection of other anti-islet autoantibodies

We used a radioligand binding assay to detect GADA and IA-2A
using the cDNA for full-length human islet GAD65 and the
complete cytoplasmic region of IA-2 (aa601-979), respectively,
as previously described [11]. “Positive” was based on the 99th
percentile of sera from 204 healthy control subjects without
family history of diabetes. The cut-off indices were 0.028 for
GADA and 0.018 for IA-2A. The inter-assay CV and intra-assay CV
were 3.3% and 5.3% for GADA and 1.9% and 2.1% for 1A-2A,
respectively. In the DASP 2005, the GADA and 1A-2A assays had
sensitivities of 74% and 68% and specificities of 98% and 96%,
respectively.

The insulin autoantibody (IAA) assay was carried out by a
micro-1AA assay format as previously described [12]. Based
on the difference in cpm between wells without and with
cold insulin, an index was determined, with a positivity
criterion of 0.010 based on the 99th percentile of sera from
healthy control subjects. The inter-assay CV and intra-assay
CV were 6.8% and 1.4%, respectively. In the DASP 2005, this
assay had a sensitivity of 58% and a specificity of 98%. 1AA
were determined in sera obtained within 2 weeks after
initiation of insulin therapy.

2.4. HLA typing

HLA-DR typing was performed by a standard microcytotoxi-
city test or PCR-amplified DNA and nonradioactive sequence-
specific oligonucleotide probes [11].

2.5. Statistical analysis

Results were expressed as the mean+SD unless otherwise
indicated. Autoantibody prevalence was compared using the
Chi-square test, Fisher's exact test, and Cochran—Armitage's
test where appropriate. Differences in nonparametric data

were tested by the Mann-Whitney U test or the Kruskal-
Wallis test. Comparisons of the ZnT8A levels were made by
ANOVA with HLA-DR allele alone and ANOVA with the HLA-DR
allele and phenotypic group (childhood-onset and adult-
onset). The correlation between autoantibody levels was
analyzed using the Spearman rank correlation test. A P value
less than 0.05 was considered statistically significant.

3. Results

3.1. Humoral autoreactivity to a hybrid ZnT8 construct

InT8A (InT8A-CW-CR) were detected in 33 of 57 (58%)
childhood-onset patients with type 1 diabetes, which was
significantly higher than that in the adult-onset group (33 of 97,
34%, P=0.004). However, the level of ZnT8A in patients positive
for ZnT8A was similar between the two groups (childhood-onset
group, median index=0.088, range 0.010-0.606; adult-onset
group, median index=0.067, range 0.009-0.669, P=0.42). The
prevalence of ZnT8A with respect to onset age was also
evaluated after the combination of the two groups. Child-
hood-onset and adult-onset patients were combined and divided
according to the age of onset into four groups (ages <10, 10-14,
18-30, and >30years); the prevalence of ZnT8A was then
evaluated by Cochran—Armitage's trend test. The prevalence of
InT8A was inversely related to the onset age (70%, 50%, 41%,
and 24%, respectively, P=0.004). In the adult-onset group,
acute-onset patients had a higher frequency of ZnT8A than did
slow-onset patients (50% vs. 21%, P=0.012). However, none of
the 85 patients with fulminant type 1 diabetes was positive for
ZnT8A. There was no statistical difference between patients’
gender and the prevalence or level of ZnT8A (data not shown).

Table 1 shows the clinical and immunogenetic character-
istics between ZnT8A-positive and -negative patients with
non-fulminant type 1 diabetes. In the childhood-onset group,
GADA (P<0.005), IA-2A (P<0.0001) and IAA (P<0.05) were
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positive at higher proportions in the ZnT8A-positive than
ZnT8A-negative patients. However, only the prevalence of 1A-
2Ain ZnT8A-positive patients was significantly higher than that
in ZnT8A-negative patients in the adult-onset group
(P<0.0001). There was no correlation between the ZnT8A
positivity and the prevalence of two major susceptible class II
HLAalleles in the Japanese, DR4 and DR9, in either group. HLA-
DR9 was associated with the presence of IA-2A in our patients
(Supplementary Table 1).

3.2. Humoral autoreactivity to ZnT8 aa325 variants

We and others reported that the amino acid encoded by the
polymorphic codon 325 is a key determinant and there are three
classes of conformational epitopes: one for which 325Arg is an
essential determinant, a second that is 325Trp-restricted, and a
third that is not affected by aa325 [10,13]. Therefore, to assess
the possible difference on the ZnT8A epitope recognition
between childhood-onset and adult-onset patients, we also
tested sera for the reactivity to the carboxy-terminal ZnT8
constructs bearing 325Trp (CW), 325Arg (CR), or 325GIn (CQ).
In the childhood-onset group, 29 of 52 (56%) patients
reacted to at least one construct, with the highest response

A

16 (31%)
cQ

All negative
23 (44%)

CR Cw

20 (38%) 23 (44%)

Figure 2

recorded in reaction to the CW construct (44%) followed by
the CR (38%) and CQ (31%) constructs (Fig. 2). An analysis of
the overlap in responses shows that 6% and 12% of patients
reacted to the CR or CW construct alone, respectively, and
rarely to the CQ construct alone (2%); 21% of patients reacted
to all three constructs. In the adult-onset group, 24 of 75
(32%) patients reacted to at least one construct, which was
significantly lower than the occurrence in the childhood-
onset group (P=0.008). This difference fundamentally
results from patients who reacted to all three constructs.
The prevalence of patients with 325Trp- or 325Arg-restricted
response was similar between the two groups. However, the
proportion of patients who had ZnT8A not affected by aa325
(aa325-nonrestricted ZnT8A) was frequent in the childhood-
onset group among patients who reacted to at least one
construct (38% vs. 13%, P<0.05). None of the 85 patients with
fulminant type 1 diabetes reacted with any of the ZnT8
variant constructs.

3.3. ZnT8A titer and class Il HLA

It has been reported that HLA characteristics were associated
with the frequencies and levels of anti-islet autoantibodies

B

9 (12%)
cQ

All negative
51 (68%)

CR Cw

14 (19%) 14 (19%)

Humoral autoreactivity to 325Trp (CW), 325Arg (CR), and 325GIn (CQ) constructs in patients with childhood-onset (A) and

adult-onset type 1 diabetes (B). Venn diagram illustrates the overlap of autoantibody detection with each of the polymorphic
construct in 52 childhood-onset and 75 adult-onset patients with type 1 diabetes.
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[14,15]. We therefore examined the association between
ZnT8A and HLA-DR. Although there were no associations
between the positivity of ZnT8A and the frequency of the HLA-
DR4 or DR9Y allele in our subjects, the level of ZnT8A was
associated with the copy number of the HLA-DR4 allele. Among
the ZnT8A-positive patients, the mean index of ZnT8A in HLA-
DR4 homozygotes (0.041+0.040, mean +SD) was significantly
lower than those in patients carrying no (0.163+0.165) or one
copy (0.132+0.097) of DR4 allele (P=0.028 by the Kruskal-
Wallis test) (Fig. 3A). HLA-DR9 had no influence on the level of
ZnT8A (Fig. 3B). A mixed model ANOVA using the HLA-DR4
allele (4/4, 4/X, X/X) and phenotypic group (childhood-onset
and adult-onset) as factorial fixed effects revealed no
differences in ZnT8A levels between phenotypic groups
(P=0.82) or phenotype/allele interactions (P=0.58).

3.4. Overlapping prevalence with other
anti-islet autoantibodies

Fig. 4 illustrates an overlapping prevalence of ZnT8A, GADA,
IA-2A, and IAA in patients whose sera were obtained within
2 weeks after the initiation of insulin treatment. The
prevalence of GADA, IA-2A, 1AA, and ZnT8A was 83%, 78%,
49%, and 61% in the childhood-onset group, and 80%, 41%,
57%, and 39% in the adult-onset group, respectively (Figs. 4A
and B), while that for patients with fulminant type 1 diabetes
was 9%, 4%, 6%, and 0%, respectively (Fig. 4C). In the
childhood-onset group, the combined analysis of GADA and
IA-2A revealed type 1A diabetes in 90% of patients (37 of 41)
(Fig. 4A). Inclusion of the IAA and/or ZnT8A did not affect the
number who tested positive for at least one of these
autoantibodies.

In the adult-onset group, the prevalence of patients
positive for GADA and/or |A-2A was 89% (54 of 61), and
inclusion of the 1AA and/or ZnT8A reduced the number of
autoantibody-negative subjects from 12% to 5%. Two
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Figure 3

individuals (40%) from a group of 5 patients who were
negative for GADA, IA-2A, and IAA were ZnT8A positive. Of
note, the prevalence of patients positive for all four
autoantibodies was. greater in the childhood-onset group
(37%) than that in the adult-onset group (11%, P=0.003). On
the other hand, the prevalence of one or two autoantibody-
positive patients was significantly higher in the adult-onset
group (52%) as compared with the childhood-onset group
(24%, P=0.005). In fulminant type 1 diabetes, most patients
were single-autoantibody-positive and only one patient
showed an overlap of positivity for GADA and IAA (Fig. 4C).

Analyzed in terms of the levels of autoantibodies, ZnT8A
correlated with [A-2A in the childhood-onset patients
(r=0.434, P<0.005) but not in the adult-onset patients
(r=0.056, P=0.67). There was no correlation between levels
of ZnT8A with those of GADA or IAA in either group (data not
shown).

4. Discussion

We demonstrated 1) different humoral autoreactivity to
InT8 between adult-onset and childhood-onset type 1
diabetes, 2) an inverse association between the copy number
of HLA-DR4 and the levels of ZnT8A, and 3) no humoral
autoreactivity to the ZnT8 molecule in fulminant type 1
diabetes.

The prevalence of ZnT8A was significantly higher in
childhood-onset patients than that in adult-onset patients.
Furthermore, the prevalence of ZnT8A was inversely related
to the onset age with the highest prevalence of 70% in
patients aged <10 years. Thus, ZnT8A exhibit heterogeneity
with regard to the age of diabetes onset and are good
markers of childhood-onset type 1 diabetes. Notably, the
higher frequency of ZnT8A in childhood-onset patients
fundamentally resulted from an increased number of
patients with aa325-nonrestricted ZnT8A (Fig. 2). We and
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Comparisons of the level of ZnT8A with the copy number of the HLA-DR4 (A) and -DR9 (B). “X”, nonDR4 allele; *Y”, nonDR9 allele

(B). The levels were compared among the ZnT8A-positive individuals. The mean (+SD) index of ZnT8A is 0.041 (+0.040) for HLA-DR4
homozygotes, 0.132 (+0.097) for DR4/X, and 0.163 (+0.165) for DRX/X (P=0.043 by ANOVA). The mean index is 0.127 (+0.155) for HLA-DR9/

9, 0.130 (x0.124) for DR9/Y, and 0.127 (+0.129) for DRY/Y (P=0.99).
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Figure 4  Combinatorial analysis of autoantibodies to ZnT8, GAD65, insulin, and 1A-2. A, Childhood-onset type 1 diabetes (n=41);
B, adult-onset type 1 diabetes (n=61); C, fulminant type 1 diabetes (n=85). Patients' sera obtained within two weeks after the

initiation of insulin treatment were used.

others recently reported that the amino acid encoded by the
polymorphic codon 325 (Arg, Trp, Gln) is a key determinant
of humoral autoreactivity to this protein [10,13]. Further-
more, Wenzlau and coworkers reported that the C-terminal
domain of ZnT8 contains at least three discrete conforma-
tional epitopes: 325Trp-restricted, 325Arg-restricted, and
aa325-nonrestricted epitopes [10,13]. The considerably
higher proportion of subjects with aa325-nonrestricted
ZnT8A among childhood-onset patients could be because
autoreactivity to ZnT8 reflects a more severe B cell
destruction leading to manifestation of the disease early in
life, or because the humoral autoreactivity to other
cytoplasmic epitopes of ZnT8 is relatively rare in patients
who develop type 1 diabetes at an older age.

It has been reported that the HLA characteristics were
associated with the frequencies and levels of anti-islet
autoantibodies in Caucasoid patients [14,15]. In the present
study, we demonstrated that the copy number of HLA-DR4 is
associated with the ZnT8A production (Fig. 3). Furthermore,
this association was independent of the clinical phenotype.
This novel observation of the HLA-nonDR4 bias of ZnT8A
production is one of the interesting findings in this study and
is contrary to the previous observations that the level of IA-
2A was associated with the HLA-DR4 allele [14,16]. This may
indicate that ZnT8 peptides are poorly presented by DR4

class Il molecules to the T-cell receptors. Analysis of peptide
binding to DR4, peptide elution studies from the DR4
homozygote, or visualization of DR4-peptide binding inter-
action will be important to test the possibility of reduced or
profound binding. Furthermore, this observation needs to be
validated in the Caucasoid population, because type 1
diabetes-susceptible HLA-DR4 in Japanese patients
(DRB1*0405) is different from that in Caucasoid patients
(DRB1*0401).

Measurement of a combination of autoantibody markers
has been suggested as a useful tool for determining type 1A
diabetes. However, the clinical utility of ZnT8A might be
limited over testing GADA, IA-2A, and IAA in childhood-onset
patients. In the present cohort, 90% of the childhood-onset
patients were positive for GADA and/or IA-2A, but inclusion
of IAA and/or ZnT8A did not increase the sensitivity for
identifying type 1A diabetes (Fig. 4). Furthermore, GADA, |A-
2A, and IAA were positive in a greater proportion of the
InT8A-positive patients in the childhood-onset group
(Table 1). In the adult-onset group, inclusion of the ZnT8A
reduced the number of autoantibody-negative subjects from
8% to 5% and 2 of 5 (40%) patients who were negative for
GADA, 1A-2A, and IAA were ZnT8A positive. Furthermore, the
prevalence of patients positive for one or two of these four
autoantibodies was greater in the adult-onset group as
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compared with the childhood-onset group (P<0.005). Such a
broader autoantibody response in adult-onset patients
implicates that different pathogenic mechanisms may be
involved between adult-onset and childhood-onset type 1
diabetes.

Finally, we also demonstrated that none of the sera from
patients with fulminant type 1 diabetes reacted to ZnT8A,
although ZnT8A are apparently markers for acute-onset
patients with type 1 diabetes. Fulminant type 1 diabetes is a
subtype of type 1 diabetes characterized by extremely rapid
onset with nearly normal HbA1c level, frequent flu-like
symptoms just before the disease onset, and virtually no C-
peptide secretion at disease onset [8]. Although the
underlying pathogenesis of fulminant type 1 diabetes has
not been fully clarified, there are increasing evidence to
support the involvement of autoimmune mechanisms [17-
19]. However, in contrast to type 1A diabetes, both o and g
cells are greatly reduced in number and there is a
lymphocytic infiltration in the exocrine pancreas tissue in
patients with fulminant type 1 diabetes [20,21]. Further-
more, it has been recently reported that ZnT8A titer
declined similarly to C-peptide response after the onset of
type 1 diabetes [22], although anti-islet autoantibodies are
considered to be an epiphenomenon resulting from the
autoimmune destruction of the g cells. Taken together, our
findings suggest that ZnT8A might be more specific markers
of autoimmune-mediated B cell destruction and that non-
autoimmune mechanisms such as antivirus immunity follow-
ing viral infection of g cells are the major causes of fulminant
type 1 diabetes.

In conclusion, our present data demonstrated the
differences in the humoral autoreactivity to ZnT8 between
adult- and childhood-onset type 1 diabetes, and the nonDR4
bias of the ZnT8A production. Furthermore, clinical pheno-
types of Japanese type 1 diabetes are associated with the
appearance of different autoantibodies, which should
provide a strategy for autoantibody measurement in subjects
to promote the early diagnosis of type 1A diabetes.

Supplementary materials related to this article can be
found online at doi:10.1016/j.clim.2010.10.007.
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Trajectories of anti-islet autoantibodies before development
of type 1 diabetes in interferon-treated hepatitis C patients.
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Abstract. Interferon-alpha (IFN-¢) is widely used in the treatment of viral hepatitis, however, it is known that IFN-o
therapy may induce type 1 diabetes. We report here on two cases of chronic viral hepatitis C who developed autoimmune
type 1 diabetes during Peg-IFN-a. plus ribavirin (RBV) therapy. Case I: a 48-year-old male with chronic hepatitis C with
chronic thyroiditis. The patient’s plasma glucose level was normal and anti-islet autoantibody tests were negative before
Peg-IFN-a+RBYV therapy. The emergence of glutamic acid decarboxylase 65 autoantibody (GAD65Ab) was observed after
five months of treatment. Autoantibodies to insulin and insulinoma-associated antigen-2 (IA-2) also became positive.
Eleven months later, thirst and polydipsia occurred with increased fasting plasma glucose level and the patient was
diagnosed with type 1A diabetes. Zinc transporter-8 autoantibody (ZnT8Ab) was not detectable at any point. The patient
has type 1 diabetes-susceptible HLA-DRB1-DQB1 haplotypes *0405-*0401 and *0901-*0303. Case 2: a 65-year-old male
with chronic hepatitis C with type 2 diabetes on insulin treatment. GAD65Ab and IA-2Ab were negative before Peg-IFN-
a+RBV therapy, however, nine months later, a single appearance of GAD65Ab was observed. After twelve months, his
plasma glucose control worsened rapidly, and he was diagnosed with type 1A diabetes. IA-2Ab and ZnT8Ab were negative
throughout the clinical course. His HLA-DRB1-DQB1 haplotypes were *0410-*0402 and *1407-*0503. Both cases
showed a unique GAD65AD epitope (amino acids 360-442). These clinical courses suggest that IFN-a therapy provoked
acute islet autoimmunity and onset of type 1 diabetes. Therefore, during IFN-a therapy, patients should be closely monitored

for the occurrence of type 1 diabetes.

Key words: Type 1 diabetes, Interferon, Glutamic acid decarboxylase 65 autoantibody, HLA

INTERFERON-ALPHA (IFN-a) is widely used in
the treatment of viral hepatitis, renal cell carcinoma,
chronic myelogenous leukemia, and multiple myelo-
ma for the induction of antiviral proteins and activa-
tion of natural killer cells [1]. It is also known that
IFN-o therapy may trigger the development of type
1 diabetes, and various patients who developed type
1 diabetes during IFN-a therapy have been reported

[2-12]. In this paper, we report on the time course of
anti-islet autoantibodies in two cases with type 1 dia-
betes that developed after Peg-IFN-o-+ribavirin (RBV)
therapy for chronic hepatitis C.

Case 1

A 48-year-old Japanese male with chronic hepati-
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Abbreviations: Ab, autoantibody; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; DKA, diabetic ketoacidosis;
FPG, fasting plasma glucose; GAD, glutamic acid decarboxylase;
HbA,¢, hemoglobin Alc; IA-2, insulinoma-associated antigen-2;
IAA, insulin autoantibody; IFN, interferon; RBV, ribavirin; ZnT8,
zinc transporter-8.
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tis C and chronic thyroiditis had received IFN therapy
twice in the past. He had no family history of diabe-
tes mellitus. By January 2007, he had undergone IFN
therapy a total of three times (Peg-IFN-a2b: Intron A®
+RBV: Rebetol®). Before the IFN-q therapy, his hep-
atitis C virus (HCV) serotype was group 1 and his vi-
ral titer was 510 KIU/mL. His plasma glucose level
was normal and anti-islet autoantibody tests were neg-
ative before treatment. Two months after beginning
the treatment, his HCV RNA became negative, and ten
months after beginning the treatment, he noticed thirst,
polydipsia and polyuria, and was admitted to our hos-
pital. His laboratory data on admission were: fasting
plasma glucose (FPG), 154 mg/dL; hemoglobin Alc
(HbA ¢), 7.6%,; aspartate aminotransferase (AST), 27
IU/L; alanine aminotransferase (ALT), 27 IU/L; HCV-
RNA, negative; anti-thyroglobulin antibodies, positive
(x25600); and anti-thyroid microsomal antibodies,
positive (x6400). Fasting serum C-peptide level (3.39
ng/mL) and urinary C-peptide excretion (77 pg/day),
were retained. With respect to anti-islet autoantibod-
ies, three of the four analyzed autoantibodies were
positive: glutamic acid decarboxylase (GAD)65Ab,
1227 U/mL (normal value <1.4 U/mL); insulinoma-as-
sociated antigen-2 (IA-2)Ab, 10.6 U/mL (<0.4 U/mL);
and insulin autoantibody (IAA), 1026.1 nU/mL (<125
nU/mL). However, zinc transporter-8 (ZnT8)Ab were
negative. The patient’s human leukocyte antigen
(HLA) haplotypes were DRB1*0405-DQB1*0401 and
DRB1*0901-DQB1*0303. Type 1 diabetes was diag-
nosed and antiviral treatment was withdrawn. Insulin
therapy was then initiated.

To determine whether the appearance of anti-islet
autoantibodies preceded Peg-IFN-o+RBV therapy,
earlier samples were screened for GAD65Ab, IAA,
[A-2Ab and ZnT8Ab. Retrospective serology re-
vealed that GAD65Ab was positive after five months,
IAA was positive after six months and IA-2Ab was
positive after nine months from the initiation of IFN-q
therapy (Table 1). In spite of terminating the IFN-a
treatment, the patient’s C-peptide response to 1 mg i.v.
glucagon progressively decreased (Table 2).

Case 2

A 65-year-old Japanese male with chronic hepa-
titis C and type 2 diabetes had been on insulin treat-
ment for nine years. He had received IFN therapy
twice in the past. He had no family history of diabe-

tes mellitus. By January 2007, he had received Peg-
IFN-0+RBYV therapy a total of three times (Peg-IFN-
02b: Intron A® +RBV: Rebetol®). Eight months after
beginning IFN-a therapy, his HCV RNA became neg-
ative. Twelve months after beginning treatment, his
plasma glucose control worsened rapidly, and he was
admitted to our hospital. His laboratory data on ad-
mission were: FPG, 91 mg/dL; HbA,., 8.4%; AST,
31 IU/L; ALT, 28 IU/L; HCV-RNA, negative; thyroid
peroxidase antibodies, 113 U/mL (<0.3 U/mL); and
thyroid stimulating hormone receptor antibodies, 6.7
IU/mL (1.0 IU/mL). His fasting serum C-peptide lev-
el (0.52 ng/mL) and urinary C-peptide excretion (13.2
pg/day) were decreased. GAD65ADb (3520 U/mL)
was positive, but IA-2Ab and ZnT8Ab were negative.
IAA was not measured because of his insulin treat-
ment before the onset of type 1 diabetes. The patient’s
HLA haplotypes were DRB1#0410-DQB1*0402 and
DRB1*1407-DQB1*0503. Type 1 diabetes was diag-
nosed and antiviral treatment was withdrawn.

Anti-islet autoantibodies were analyzed using
stored sera, revealing that GAD65Ab was positive af-
ter nine months from the initiation of IFN-a therapy
(Table 1). The patient’s C-peptide response to 1 mg i.v.
glucagon had been exhausted by the time of the diag-
nosis of type 1 diabetes (Table 2).

Both patients’ GAD65AD epitope recognition was
analyzed using the GAD65/GAD67 chimeric proteins
as previously described [13]. Both cases reacted with
a unique epitope between amino acids 360-442 of
GADG65. Furthermore, the GAD65Ab epitope spread
to the C-terminal region (amino acids 443-585) at the
onset of type 1 diabetes in Case 2.

Discussion

To the best of our knowledge, this is the first report
that describes the time course of anti-islet autoantibod-
ies before the onset of type 1 diabetes induced by IFN
therapy in Japanese where the incidence of type 1 dia-
betes is one of the lowest ethnic groups in the world.
In both of our two cases, anti-islet autoantibodies
emerged rapidly after the initiation of IFN-o treatment
for chronic hepatitis C. After several months from the
development of anti-islet autoimmunity, the patients’
plasma glucose level was elevated and type 1 diabetes
was diagnosed.

Table 3 summarizes the anti-islet autoantibody pro-
file before and after IFN therapy as well as class II
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Table 1 Time course of anti-islet autoantibodies in two cases.

Time GAD65Ab IA-2Ab

1AA ZnT8Ab

(months) (U/mL) (U/mL) (nU/mL) (index) Event
Case 1

0 negative negative negative negative HCV-RNA+
1 negative negative negative negative HCV-RNA+
2 negative negative negative negative HCV-RNA-
3 negative negative negative negative HCV-RNA-
4 negative negative negative negative HCV-RNA-
5 8.5 negative negative negative HCV-RNA-
7 436 negative 482 negative HCV-RNA-
8 942 negative 668.4 negative HCV-RNA-
9 1230 4.1 1113.7 negative HCV-RNA-

11 1220 8.8 1026.1 negative T1D onset

13 1277 10.6 N.D. N.D.

Case 2

0 negative negative N.D. negative HCV-RNA+
1 negative negative N.D. negative HCV-RNA+
2 negative negative N.D. negative HCV-RNA+
3 negative negative N.D. negative HCV-RNA+
4 negative negative N.D. negative HCV-RNA+
5 negative negative N.D. negative HCV-RNA+
6 negative negative N.D. negative HCV-RNA+
9 72.1 negative N.D. negative HCV-RNA+

10 582 negative N.D. negative HCV-RNA-

12 3950 negative N.D. negative T1D onset

N.D., not determined. Time = months after the initiation of IFN+RBV therapy. Ab, autoantibody; GAD, glutamic
acid decarboxylase; 1A-2, insulinoma-associated antigen-2; IAA, insulin autoantibody; ZnT8, zinc transporter-8

Table 2 C-peptide response to 1 mg i.v. glucagon.

Time (min) 0 1 3 5 10 15
(onset) 3.39 3.85 573 5.03 435 343

Case 1 CPR (ng/mL,

% % (after 7 months) @gmb) 5 217 3.28 342 277 272

Case 2 (onset) CPR (ng/mL)  0.08 0.08 0.10 0.09 0.10 0.10

HLA in 17 patients with chronic viral hepatitis who
developed type 1 diabetes and who have been report-
ed in the literature and in the present two cases. Anti-
islet autoantibody profiles at the onset of diabetes and
HLA haplotypes are variable (Table 3). Nine of these
19 patients (47%) were positive for anti-islet autoanti-
bodies before IFN treatment. Seven of the 19 patients
(37%), including our two cases, seroconverted during
treatment and all of them turned positive for GADADb.
The remaining 3 cases (16%) were anti-islet autoanti-

body negative even after the onset of type 1 diabetes,
although data for some autoantibodies such as ZnT8Ab
were not available. These results suggest that GADAb
may be a good predictive and diagnostic marker for
IFN-induced type 1 diabetes, as has been reported in
sporadic cases [2-12]. This needs to be verified in the
future study using a large number of subjects.

The present Case 1 showed three of the four tested
anti-islet autoantibodies, and susceptible HLA-DR-DQ
haplotypes, and insulin secretion was retained at di-

— 254 —



950

Nakamura ef al.

Table 3 Anti-islet autoantibody profile before and after IFN therapy and class Il HLA in patients with chronic viral hepatitis who

developed type 1 diabetes.

Anti-islet autoantibodies

Ref. A8y Time HLA
sex (months) Before IFN At onset of type 1 diabetes
2 6UM  o2b 6 GAD (+),ICA(),IAA (+),JA2() GAD (+),ICA (), IAA (+), IA2 () DRBI*0401/*1101, DQBI*0502/0503
3 29M  adb 5 GAD(+),ICA(+),JAA(-),JA2() GAD (+),ICA(+),JAA(),1A-2() DRBI*04/08, DQBI 57 N-Asp/Asp
4 SIM a2b 4 GAD(),1AA() GAD (9, ICA (9, TAA () DRBI1*0405/¥1401, DQB1*0401/0503
5 41/M  o2b+RBV 3 GAD(-),1AA (), 1A-2 () GAD (), IAA (9, 1A () DRB1*0101/%0401
5 36/F  a2b+RBV 3 GAD@M) GAD (+) ND.
6 29M o 85 GAD(),ICA(-),IAA(),TA2() GAD (),ICA(+),IAA(),1A-2() DRBI*0301, DQBI*0201
7 3UM  a2b+RBV 4 GAD(#),ICA() GAD (+), ICA () DR1/3
8  40F  2b+RBV 6  GAD (+),ICA (), IAA() GAD (+) DR4/7, DQ2/8
§ 40/F  G2b+RBV 2 GAD(+),ICA(-), IAA () GAD (+) ND.
9 61/M Peg-w2b+RBV 3 GAD (+),ICA (+), 1A-2 () GAD (+), ICA (), A2 (-) DRB1*04/¥14, DQB1¥04/+0503
10 42/F Peg-a2b+RBV 2 GAD(-),ICA() GAD (+), ICA (+) DR1/4, DQ2/5
Il 54M PegotRBV  +1  GAD (), ICA(),I1A2() GAD (-), ICA (1), 1A2 (-) DR3
Il 46M PegatRBV 3 GAD(+),ICA(),1A2 () GAD (), ICA (), 1A2 (9 N.D.
Il 25M PegatRBV  +1  GAD (), ICA(),1A2() GAD (), ICA (+), 1A-2 () DR3, DQ2
11 44/F Peg-atRBV 6 GAD(),ICA(),IA2() GAD (+), ICA (9, 1A2 (9) DR3/4, DQ2
Il 46M Peg-wtRBV 4 GAD(+),ICA(+),1A2() GAD (4), ICA (), IA-2 (+) N.D.
12 51/M Peg-a2b+RBV 6 GAD() GAD (+),1A2 (-) ND.
Case] 43M Peg-a2b+RBV 11 GAD(-),IAA(),IA-2(),ZnT8 () GAD (+),IAA (), IA-2 (+), ZnT8 (-) DRBI*0405/%0901, DQBI*0401/%0303
Case2 65M Pega2b+RBV 12 GAD (), IA-2 (-), ZnT8 () GAD (+), 1A-2 (), ZnT8 () DRBI*0410/%1407, DQB1#0402/%0503

N.D., not determined; GAD, GADAb; ICA, islet cell antibody; IAA, insulin autoantibody; 1A-2, IA-2Ab; ZnT8, ZnT8Ab.
Time = months after the initiation of IFN therapy; “+1” indicates one month after the end of IFN therapy.

agnosis. In contrast, Case 2 showed only GAD65Ab,
has no susceptible HLA-DR-DQ haplotypes, and insu-
lin secretion dried up upon the diagnosis of type 1 dia-
betes. Thus, it is clear that IFN-o is a common trigger
of type 1 diabetes, but clinical courses vary greatly.

It has been reported that IFN-a is overexpressed
in the pancreas of patients with type 1 diabetes [14].
Furthermore, in a study using transgenic mice,
cell-specific expression of IFN-o induced by using
a monoclonal antibody protected mice from diabe-
tes [15]. In addition, IFN-a is known to induce HLA
class I antigen expression, and natural killer cell and T
cell activities [16]. However, the underlying mecha-
nisms of IFN-related type 1 diabetes have not yet been
clarified. In contrast to the natural history of autoim-
mune type 1 diabetes, in which the appearance of an-
ti-islet autoantibodies precedes the manifestation of
insulin insufficiency by years, established humoral au-
toimmune markers were seen to have developed up to
3 to 6 months prior to diagnosis in the present cases.
It is possible that such a rapid onset is due to acute B

cell destruction by IFN; this is supported by the fact
that the prediction of type 1 diabetes is difficult in
some cases. The nation-wide survey is being executed
by Japan Diabetes Society to clarify the clinical and
immunogenetic characteristics of IFN-related type 1
diabetes in Japan.

In the present cases, we recognized a unique
GADG65AD epitope. The GAD65AbD epitope located
between amino acids 245-360 (E1) is thought to be the
marker of acute §§ cell destruction [13, 17]. However,
GADG65ADb El was negative and a novel epitope lo-
cated between amino acids 360-442 was positive in
our cases. These results suggest that the underlying
mechanism of B cell destruction in patients with IFN-
induced type 1 diabetes may be different from that in
those with classical type 1A diabetes.

In Case 1, insulin secretion was remarkably de-
creased at seven months after the discontinuation of
IFN-o. therapy, suggesting that B cell destruction pro-
gressed in spite of the withdrawal of the therapy. In
Case 2, insulin secretion had already dried up at the
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time of the diagnosis of type 1 diabetes. However,
since this patient had been treated with insulin for type
2 diabetes, he did not develop diabetic ketoacidosis
(DKA).

In conclusion, the development of type 1 diabetes
should be considered a side effect of IFN-a therapy.
The onset of disease may be extremely abrupt; there-
fore, in order to protect patients from the risk of DKA

risk, patients receiving IFN-a therapy should be regu-
larly monitored for the presence of anti-islet autoanti-
bodies before and during IFN-o. therapy.
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