
Abstract

Aims/hypothesis. Fulminant Type 1 diabetes is a novel
subtype of Type 1 diabetes that involves the abrupt
onset of insulin-deficient hyperglycaemia. This sub-
type appears to be non-autoimmune because of the ab-
sence of diabetes-related autoantibodies in the serum,
and of insulitis in pancreatic biopsy specimens. The
pathogenesis of the disease is still unknown. In this
study, we investigated whether T cell autoimmune re-
sponses are involved in fulminant Type 1 diabetes.
Methods. Cellular immune responses to beta cell 
autoantigens were studied by enzyme-linked im-
munospot (ELISPOT) assay in 13 fulminant Type 1
diabetic patients and 49 autoantibody-positive autoim-
mune Type 1 diabetic patients. Results were compared
with those of 18 Type 2 diabetic patients, six second-

ary diabetic patients (diabetes due to chronic pancre-
atitis) and 35 healthy controls.
Results. Nine of 13 (69.2%) GAD-reactive Th1 cells,
and three of 12 (25%) insulin-B9-23-reactive Th1 cells
were identified in fulminant Type 1 diabetic patients by
ELISPOT, as in autoantibody-positive Type 1 diabetic
patients. Four fulminant Type 1 diabetic patients pos-
sessed the highly diabetes-resistant allele DR2, three of
whom had GAD-reactive Th1 cells in the periphery.
Conclusions/interpretation. Peripheral immune reac-
tion was observed in 69.2% of fulminant Type 1 dia-
betic patients, indicating that autoreactive T cells
might contribute, at least in part, to the development
of fulminant Type 1 diabetes.
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Introduction

According to the new classification for diabetes melli-
tus introduced by the American Diabetes Association,
Type 1 diabetes can be subclassified into Type 1A (au-
toimmune) and Type 1B (idiopathic) diabetes [1, 2].
However, the cause of Type 1B diabetes has not yet
been identified. Recently, a novel subtype of Type 1B
diabetes has been recorded and referred to as fulminant
Type 1 diabetes, characterised by a remarkably abrupt
onset with no insulitis or diabetes-related antibodies.
Studies of fulminant Type 1 diabetes have shown a high
frequency of serum pancreatic enzyme elevation, as
well as the infiltration of T cells in exocrine tissue dur-
ing pancreatic biopsy [3, 4]. The clinical and immuno-
histochemical features of this subtype of Type 1 diabe-
tes contrast with those of Type 1A diabetes, which in-
volves autoimmune destruction of pancreatic beta cells.



The incidence of fulminant Type 1 diabetes is not
likely to be low, as more than 20% of ketosis-onset
Type 1 diabetic cases in Japan have consistent features
[5]. The involvement of immunological mechanisms
in beta cell destruction has been discussed. Case re-
ports have described pancreatic insulitis in an autopsy
case, and later detection of antibodies after the onset
of fulminant Type 1 diabetes [6, 7]. On the other hand,
the involvement of viral infections has also been sug-
gested because of the abrupt onset [8, 9]. However,
the common aetiology of fulminant Type 1 diabetes
has not yet been clarified.

We have recently reported that an immunoglobulin-
free ELISPOT assay can detect T cell reactivity to islet
cell antigens in 66.7% of Type 1 diabetic patients, with
good reproducibility [10]. In the previous report, six of
seven Type 1 diabetic patients with no diabetes-related
antibodies also had GAD-reactive T-helper-1 cells [10].
To investigate whether T cell autoimmune responses are
involved in fulminant Type 1 diabetes, we evaluated the
presence of islet cell antigen-reactive T cells using an
ELISPOT assay in fulminant Type 1 diabetic patients.

Subjects, materials and methods

Subjects. We studied 13 Japanese patients with fulminant Type 1
diabetes (four males aged 38–45 years and nine females aged
17–47 years; mean ± SD, 31.3±10.7). Fulminant Type 1 diabetes
was diagnosed according to the following inclusion criteria pro-
visionally proposed by the Committee of Japan Diabetes 
Society: (i) abrupt onset of overt diabetes with ketoacidosis; 
(ii) exhaustion of insulin secretion (urinary C-peptide excretion
<3.31 µmol/day; fasting serum concentration of C-peptide
<0.1 µmol/l; serum concentration of C-peptide after glucagon in-
jection <0.17 µmol/l; or postprandial serum concentration of 
C-peptide <0.17 µmol/l); and (iii) HbA1c at onset <8.5%. The
clinical characteristics of the 13 fulminant Type 1 diabetic pa-
tients are summarised in Table 1. For comparison, we also stud-

ied 49 patients with autoimmune Type 1 diabetes (20 males aged
15–65 years and 29 females aged 5–75 years; mean ± SD,
33.8±15.7) who were all autoantibody-positive. The duration of
diabetes in autoimmune and fulminant Type 1 diabetic patients
was 0.1–32 years (mean ± SD, 7.9±9.3) and 0.1–11.3 years
(3.1±4.2) respectively. In addition, 35 healthy subjects (19 males
and 16 females aged 23–44 years; mean ± SD, 33.4±5.7) and 18
Type 2 diabetic patients (6 males and 12 females aged 31–80
years, 55.3±16.7) were studied as controls, and six pancreatic di-
abetic patients (diabetes due to chronic pancreatitis; 5 males
aged 33–67 years and 1 female aged 45 years; mean ± SD,
51.2±11.7) were studied as negative controls. Serum antibodies
to GAD were measured using a radioimmunoassay kit (GAD-
Ab Cosmic; Cosmic Corporation, Tokyo, Japan). The specificity
and sensitivity of the kit were both reported to be 100% in the
second and third GAD proficiency test results evaluations (Uni-
versity of Florida, Gainesville, Fla., USA). GAD antibodies for
some patients who had a long duration of diabetes were deter-
mined using another radioimmunoassay kit (Rip-GAD; Hoechst
Japan, Tokyo, Japan), of which the specificity and sensitivity
were 100% and 89.5%, respectively, in the Second International
GAD-Ab Workshop. A value greater than 5 U/ml (Rip-GAD) or
1.5 U/ml (GAD-Ab Cosmic) was considered positive. Tyrosine
phosphatase-like protein (IA-2) antibody was measured using an
IA-2 immunoprecipitation assay kit (Cosmic). The normal range
of IA-2 antibodies determined for healthy Japanese blood
donors is <0.4 U/ml. The measurement parameters for IA-2 anti-
bodies using an immunoprecipitation assay have previously
been reported by Masuda et al. [11]. Islet cell antibodies (ICA)
were measured by indirect immunofluorescence, with an abnor-
mal value defined as more than 5 Juvenile Diabetes Foundation
units [12]. All subjects gave their written informed consent to
participate in the study, which was conducted according to the
ethical guidelines of Kobe University Medical Hospital.

Antigens. Purified recombinant human GAD65 expressed in
yeast (Saccharomyces cerevisiae) was obtained from RSR
(Cardiff, UK). The properties of this GAD65 preparation, includ-
ing its reactivity with GAD autoantibodies (known to react with
conformational epitopes on the GAD65 molecule), have previ-
ously been described in detail [13, 14]. The N-terminal amino ac-
ids 2–45 were deleted from the preparation because N-terminally
modified GAD65 was stable in solution. The purity of GAD65
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Table 1. Profile of fulminant Type 1 diabetic patients and HLA typing

Subject Sex Age HbA1c at Duration Autoantibodies at onset F-CPR HLA typing
(years) onset (%) of diabetes (µmol/l)

(years)a GAD (U/ml) IA-2 (U/ml) ICA (JDFU) DR

1 F 19 4.8 0.2 <1.5 <0.4 <5 0.07 4/9
2 M 39 6.0 0.1 <1.5 <0.4 nd 0.07 1/4
3 F 47 5.5 10.5 <4 <0.4 <5 <0.03 2/6
4 F 17 5.4 0.9 <1.5 <0.4 <5 0.07 2/4
5 F 31 5.8 1.0 <1.3 <0.4 <5 0.07 4/8
6 M 41 6.4 11.3 <4 <0.4 <5 0.03 2/4
7b F 20 6.8 1.5 <1.3 <0.4 <5 0.07 2/4
8 F 38 6.4 0.2 <1.5 nd <5 0.07 nd
9b M 45 6.7 4.0 <1.5 <0.4 <5 0.07 1/4

10 F 29 nd 9.0 <4 <0.4 <5 0.07 4/8
11 F 38 7.6 0.7 <1.3 nd nd 0.07 4/-
12b F 23 5.4 0.9 <1.3 nd nd 0.07 4/-
13 M 38 7.4 0.1 <1.5 <0.4 <5 0.07 4/-

a Duration refers to the period from the diagnosis of diabetes to the date of ELISPOT assay; b patients who underwent pancreas 
biopsy; nd, not determined



was >95% and the endotoxin content of 10 mg GAD65 was very
low (0.035 endotoxin units). Insulin B9-23 peptide was kindly
provided by Dr G. Eisenbarth (Barbara Davis Center for Child-
hood Diabetes, Denver, Colo., USA). It was synthesised by solid-
phase strategies on an automated multiple peptide synthesiser,
and subsequently purified by reverse-phase high-pressure liquid
chromatography by SynPep (Dublin, Calif., USA). The purity of
the insulin B9-23 peptide was >95%. Phytohaemagglutinin
(PHA) was obtained from Wako Chemicals (Osaka, Japan), and
purified protein derivative (PPD) of mycobacterium tuberculosis
was supplied by BCG Japan (Tokyo, Japan).

Pancreatic biopsy and immunohistochemistry. Pancreatic biopsies
were performed in three of 12 patients within 5 months of the on-
set of diabetes, as reported previously [15]. Patients were under
local anaesthesia, and a standard laparoscopic technique was used
(Olympus, Tokyo, Japan). After inspection of the pancreas, biopsy
forceps (Olympus) were inserted into the peritoneal cavity, and
1–2 match-head-sized pancreatic specimens were taken. Tissue
was snap-frozen and 5-µm-thick sections were cut on a cryostat
for haematoxylin–eosin staining and immunohistochemical study.
Double immunofluorescence was employed using anti-human
T lymphocyte CD3 (3T-4B5; Dakopatts, Glostrup, Denmark), B
lymphocyte (L26; Dakopatts), macrophage (EBM11; Dakopatts),
and guinea pig anti-insulin (Dakopatts) or rabbit anti-glucagon an-
tibodies (kindly provided by Dr Iwasa, Takeda Chemical Indus-
tries, Osaka, Japan). This protocol was approved by the ethics
committee of Osaka University Hospital, and written informed
consent was obtained from each patient.

PBMC preparation. Heparinised freshly-drawn blood from
each subject was assayed within 6 hours. Peripheral blood
mononuclear cells (PBMC) were isolated by Ficoll-Paque 
density gradient centrifugation (Pharmacia Biotech, Uppsala,
Sweden). Per well, 200,000 (2×105) PBMC were cultured in
nitro-cellulose-bottomed 96-well microtitre plates (Millititer;
Millipore, Bedford, Mass., USA) at 37 °C with 5% CO2, in
200 µl of RPMI 1640 with 2 mmol/l L-glutamine, supplement-
ed with 10% human type AB serum, 5×10−5 mol/l 2-ME,
50 U/ml penicillin and 50 µg/ml streptomycin (Flow Laborato-
ries, McLean, Va., USA). The human type AB serum was fil-
tered through Cellulose Easter Membrane (Spectrum Medical
Industries, Houston, Tex., USA) to remove substances of over
100,000 Mr, including immunoglobulins, which were present
thereafter at less than 2 µg/ml total IgG.

ELISPOT assay. The ELISPOT assay was performed as previ-
ously described [10]. In brief, nitro-cellulose-bottomed 96-well
microtitre plates were coated with 15 µg/ml of mouse anti-
human IFN-γ monoclonal antibody (mAb; 1-DIK; Mabtech,
Stockholm, Sweden) or mouse anti-human IL-4 mAb (IL-4-I;
Mabtech AB) in sterile coating buffer (0.1 mol/l carbonate–
bicarbonate buffer, pH 9.6) overnight at 4 °C. Unbound anti-
bodies were removed by washing six times with sterile PBS.
Aliquots of 2×105 PBMC per well were incubated in mAb-
coated plates with the antigens/stimulators as follows for 40 h:
10 µg/ml GAD65, 10 µg/ml insulin B9-23, 1 µg/ml PPD, and
10 µg/ml PHA. After washing, 1 µg/ml of biotin-conjugated
anti-cytokine mAb (7-B6-1 for IFN-γ and IL4-II for IL-4) was
added to each well and incubated for 3 h at room temperature,
followed by streptavidin conjugated with alkaline phosphatase
for 1 h. Finally, BCIP/NBT substrate solution (Bio-Rad Labo-
ratories, Richmond, Calif., USA) was added and incubated 
until a colour change was noted in the wells (15–25 min).
Spots were counted using an NIH imager with a CCD camera,
and data were expressed as means of triplicate determinations
for each antigen and lymphocyte concentration.

Results

Patient characteristics. Characteristics of all patients
with fulminant Type 1 diabetes are shown in Table 1.
All fulminant Type 1 diabetic patients participating in
this study showed rapid onset of diabetes with little in-
sulin secretion (F-CPR <0.07 µmol/l). They also showed
no diabetes-related autoantibodies (GAD, IA-2 or ICA),
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Fig. 1. Photomicrographs of serial section of double-stained
pancreatic biopsy specimens. The two panels show pancreatic
alpha cells (a) and CD3+ T cells (b) in a biopsy specimen from
one representative patient. CD3+ T cells are scattered out of,
but not infiltrated into, an islet. This is a typical finding in ful-
minant Type 1 diabetes. Original magnification: ×140



and low glycosylated haemoglobin (HbA1c ≤7.6%) at
the onset of overt diabetes. The duration of diabetes at
the time of the assays ranged from 3 weeks to 11 years.
In three of 13 patients, pancreatic biopsy demonstrated
T-lymphocyte-predominant infiltration in the exocrine

pancreas without insulitis (Fig. 1). There are no histo-
logical changes typically observed in acute or chronic
pancreatitis, such as oedema, necrosis, fatty degenera-
tion or fibrosis. All of the six pancreatic diabetic pa-
tients were treated with insulin, their insulin secretion
over the F-CPR range varying from 0.1 to 0.5 µmol/l.

Islet cell antigen-reactive T cells in the ELISPOT as-
say. Significant IFN-γ response to GAD65 and insulin
B9-23 peptide in the ELISPOT assay were observed
in fulminant Type 1 diabetes, as in autoimmune Type
1 diabetes (Fig. 2). In contrast, no significant changes
in background were detected in controls.

To compare the positivity among groups in the
ELISPOT assay, antigen-stimulated spots were plot-
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Fig. 2. IFN-γ responses to GAD65 (a) and insulin B9-23 pep-
tide (b) in ELISPOT assay. Individual spot formation for
GAD65 and insulin B9-23 peptide is shown in healthy controls,
in autoimmune Type 1 diabetes subjects and in fulminant Type 1
diabetes subjects. In subjects with autoimmune Type 1 diabetes
and in those with fulminant Type 1 diabetes, we recorded sig-
nificant antigen-stimulated responses when compared with the
responses without antigens. † p<0.0001, * p<0.05, § p<0.005 by
Wilcoxon matched pair test



ted with subtraction of background (Fig. 3). For the
comparison, cut-off values for GAD- and insulin-
B9-23-stimulated IFN-γ, as well as for GAD-stimu-
lated IL-4, were determined at the mean + 3SD of the
healthy controls (2.32, 1.92 and 0.35 spots respec-
tively, per 2×105 PBMC), since most of the healthy
controls produced spots with less than the value of
the mean + 3SD of the controls. To exclude the re-
sponse influenced by the high background, the re-
sponse that was less than two times lower than the
background was considered negative regardless of the
cut-off value. With the cut-off value, the GAD-stimu-
lated IFN-γ spots were detected in 46.9% (23/49) of
antibody-positive autoimmune Type 1 diabetic pa-
tients (Fig. 3a), and insulin B9-23-stimulated IFN-γ
spots were also observed in 31.8% (7/22) of those pa-
tients (Fig. 3b). IFN-γ spots in response to GAD and
insulin B9-23 peptide in fulminant Type 1 diabetic
patients were detected in 69.2% and 25% of patients
respectively (Fig. 3). Lower positivity of GAD reac-
tivity in autoimmune Type 1 diabetic patients com-
pared with in fulminant Type 1 diabetic patients
might be due to the longer duration after onset (mean
± SD, 7.9±9.3 vs 3.1±4.2). All three insulin-B9-23-
reactive fulminant Type 1 diabetic patients also
showed GAD reactivity. Two of the three fulminant
Type 1 diabetic patients without evidence of insulitis
by pancreatic biopsy showed GAD-reactive IFN-γ
spots. Subjects without Type 1 diabetes generated 
no GAD- and insulin-B9-23-stimulated IFN-γ spots,
except one healthy control and one Type 2 diabetic
patient who showed relatively low insulin secretion
(F-CPR; 0.22 nmol/l).

Of the autoantibody-positive autoimmune Type 1
diabetic patients, 10% (5/49) generated positive GAD-
reactive IL-4 spots, whereas no GAD-reactive IL-4
spots were detected in 12 fulminant Type 1 diabetic
patients, as in 40 control subjects (data not shown).
IL-4 spots in response to insulin B9-23 were not 
detected in any group (data not shown).

The ELISPOT assay was performed with con-
trol antigens (PHA and PPD). PHA stimulation gen-
erated large numbers of IFN-γ spots (>100/well) and
IL-4 spots (>50/well) in all five groups. Stimulation
with PPD resulted in different numbers of IFN-γ
spots depending on the donor (0 to >50 per 2×105
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Table 2. Correlation between HLA-DR allele and the positivity of GAD-reactive ELISPOT assay

Positivity of nb Positivity of patients Susceptible allele Resistant allele
total subjects with HLA analysisb

a DR4a DR9a DR2a

Autoimmune Type 1 diabetes 23/49 (46.9%) 20 9/20 (45%) 4/13 (30.8%) 5/11 (45.5%) 0
Fulminant Type 1 diabetes 9/13 (69.2%) 12 8/12 (66.7%) 7/11 (63.6%) 0/1 (0%) 3/4 (75%)
Pancreatic diabetes 0/6 (0%) 5 0/5 (0%) 0/2 (0%) 0/3 (0%) 0/1 (0%)

a Number of patients with GAD-reactive IFN-γ spots/number of total or HLA-positive subjects; b number of patients with HLA
analysis

Fig. 3. Comparison of the IFN-γ secretion induced by islet au-
toantigens GAD65 (a) and insulin B9-23 (b). Individual IFN-γ
spots are depicted as separate dots. The number of antigen-
stimulated spots was calculated as the mean number of spots
obtained with antigen minus the mean obtained without stimu-
lation. Each horizontal line represents the mean + 3SD of the
healthy control population (GAD-stimulated spots, 2.32; insu-
lin-B9-23-stimulated spots, 1.92). Open circles show the nega-
tive spots that were over the cut-off value as the number of
spots was less than two times the background response. Fulmi-
nant Type 1 diabetic patients showed significant production of
GAD-stimulated and insulin-B9-23-stimulated IFN-γ spots
when compared with healthy control subjects (p<0.0005 and
p<0.05 respectively, by the Kruskal Wallis test)

PBMC). No differences in reaction, for both control
antigens, were observed among the groups using 
one-way factorial ANOVA and multiple comparison
tests.



HLA class II typing and islet cell antigen reactivity in
PBMC. All autoantibody-positive autoimmune Type 1
diabetic subjects (n=14) expressed an allele suscepti-
ble to Type 1 diabetes, namely DR4 or DR9, without
the resistant allele DR2 [16] (Table 2). Of HLA-exam-
ined autoantibody-positive autoimmune Type 1 dia-
betic patients, 45% showed GAD-reactive spots, while
four pancreatic diabetic patients with DR4 and/or
DR9 did not show GAD-reactive spots. DR4 was also
found in 11 out of 12 fulminant Type 1 diabetic pa-
tients. In contrast to in autoantibody-positive auto-
immune Type 1 diabetic subjects, resistant allele DR2
was unexpectedly found in four out of 12 fulminant
Type 1 diabetic patients (Table 1). Among these four
patients, three were heterozygous for DR2/DR4, and
one was heterozygous for DR2/DR6, without any dia-
betes-susceptible alleles. Interestingly, GAD-reactive,
IFN-γ-producing cells were observed in three of the
four patients (two with DR2/DR4 and one with
DR2/DR6).

Discussion

In the previous report, there was no evidence of auto-
immunity in fulminant Type 1 diabetes as character-
ised by diabetes-related antibodies and or by pancreat-
ic histology. In the present study, islet cell antigen-re-
active Th1 cells were detected in the PBMC of over
two-thirds of fulminant Type 1 diabetic patients. Islet
cell antigen-reactive Th1 cells were observed in two
out of three patients with cellular infiltration of pan-
creatic acinar tissue but not of islets. In contrast, no
anti-islet cell immunity was detected in patients with
pancreatic diabetes even with diabetes-susceptible 
alleles. Therefore, it is unlikely that the secondary
beta cell destruction due to the T cell infiltration in the
acinar tissue can lead to the detection of peripheral
immune reaction to GAD or insulin by ELISPOT 
assay.

It has been proposed that the development of Type 1
diabetes is controlled by autoreactive T cells of the
Th1 arm which is primarily associated with cellular
immunity, rather than of the Th2 arm which is mainly
involved in humoral immunity and immunoregulatory
suppression [17, 18, 19]. In our study, no GAD-reac-
tive, IL-4-secreting T cells were detectable in fulmi-
nant Type 1 diabetic patients, whereas 10% of autoan-
tibody-positive Type 1 diabetic subjects showed IL-4
spots. A powerful Th1 shift of the immune response
with a loss of regulatory cells might allow rapid beta
cell destruction by strong cellular immunity, which
was detected by ELISPOT assay without detecting 
autoantibodies to islet antigens [20, 21, 22].

In HLA typing, most fulminant Type 1 diabetic pa-
tients have the diabetes-susceptible allele DR4, sug-
gesting that the same HLA allele as in classical auto-
immune Type 1 diabetes also contributes to the devel-

opment of fulminant Type 1 diabetes. When compared
with susceptible haplotypes, resistant HLA haplotype
DR2 has a strong protective effect on the development
of classical autoimmune Type 1 diabetes, so subjects
with the diabetes-resistant haplotype rarely develop
diabetes [23]. In the present study, diabetes-resistant
alleles were frequently found in fulminant Type 1 dia-
betic patients (36.4%). In addition, three out of four
DR2-positive fulminant Type 1 diabetic patients
showed positive GAD-reactive IFN-γ spots. These re-
sults suggest that strong environmental factors might
be involved in the development of Type 1 diabetes,
overriding the influence of genes protecting against
the disease.

Viral infections have the potential to induce proin-
flammatory responses, with activation of lymphocytes
and professional antigen-presenting cells which are
eventually crucial for the adoptive immune response
to beta cells. Viral infections may be one of the initial
factors in the pathogenesis of fulminant Type 1 dia-
betes. Flu-like symptoms suggesting the pre-existence
of a viral infection were observed in 71.7% of fulmi-
nant diabetic patients, in contrast to in only 26.9% of
Type 1A diabetic patients [5]. Cases of human herpes-
virus 6 [8] and Echovirus [9] were reported to precede
infection before the onset of fulminant Type 1 dia-
betes.

In a rodent model, it has been suggested that virus-
es are involved in the pathogenesis of Type 1 diabetes
in at least two distinct ways: (i) by inducing beta-cell-
specific autoimmunity; and (ii) by inducing cytolytic
infection leading to the destruction of the beta cells
[24]. The infection of genetically susceptible strains of
mice with a high titre of EMC-D (D variant of the en-
cephalomyocarditis) results in the rapid onset of dia-
betes within 3 days, largely due to the replication of
the virus within beta cells. No evidence has yet been
found to suggest a direct cytolytic effect of the virus
on human beta cells of Type 1 diabetes. However, it is
possible that a similar pathogenesis may be involved
in cases of human fulminant diabetes.

Similarly, in the study of fulminant myocarditis, 
viral persistence and autoimmune mechanisms were
extensively investigated in the pathogenesis of the 
disease, using human samples and animal models [25,
26]. It is still unknown whether the major cause of
myocarditis is direct myocardial damage from the 
virus or immune-mediated myocardial impairment,
but it has been speculated that both mechanisms could
be involved in the pathogenesis.

In conclusion, islet cell antigen-reactive T cells in
the peripheral blood were detected in patients with 
a novel subtype of Type 1B diabetes characterised by
a rapid onset and the absence of diabetes-related 
autoantibodies. This finding is the first evidence of 
an immune-mediated reaction in fulminant Type 1 dia-
betes and may help to elucidate the mechanisms in-
volved in Type 1B diabetes, especially in fulminant
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Type 1 diabetes. As some studies suggest that Type 1
diabetic patients are “hyperreactive”, the lack of con-
trol antigens may be a limitation of this study. Appro-
priate numbers of control antigens would be required
in further studies. More detailed characterisation of
the roles of autoreactive T cells by ELISPOT assay
(e.g. CD4 vs CD8, time course of T cell reaction)
would also be important. Further investigation is nec-
essary to clarify the genetic or environmental factors
that may modify the form of onset resulting in autoim-
mune or idiopathic beta cell destruction.
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