
Insulin-dependent diabetes mellitus (IDDM) is the
result of a genetically associated autoimmune me-
diated process in which the insulin-producing pan-
creatic beta-cells are thought to be destroyed by
autoreactive T cells [1, 2]. The disease process is

accompanied by autoreactive T cells and autoanti-
bodies to various islet antigens. Many IDDM patients
develop humoral immune responses to insulin [3, 4],
islet cells [5], tyrosine phosphatase homologue islet
cell antibody ((ICA)512/islet cell antigen (IA)-2, 37
K) [6–9] and glutamic acid decarboxylase (GAD)65
[10–12]. Even though autoantibodies may not be di-
rectly involved in the destructive process, 60 % of
new-onset diabetic patients are positive for insulin au-
toantibodies (IAA) compared to only 0.5% of heal-
thy control subjects [2]. The involvement of T cells in
the pathogenesis has been implicated by insulitis
[13], the recurrence of insulitis and diabetes after pan-
creas transplantation [14] and the transfer of diabetes
with non-T-cell-depleted bone marrow transplants
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Summary Insulin-dependent diabetes mellitus
(IDDM) is the result of a T-cell mediated autoim-
mune beta-cell destruction,which is accompanied by
autoantibodies. We analysed the cellular and humoral
immune response to insulin and insulin peptides in
patients with recent-onset IDDM, IDDM patients
treated with insulin, non-diabetic first degree rela-
tives and unrelated control subjects. There were no
differences in T-cell reactivity to whole insulin or in-
sulin peptides in general between age-matched
groups of IDDM patients, relatives or healthy control
subjects. In contrast to investigations in NOD mice,
no immunodominant or disease-specific insulin pep-
tide could be identified. Surprisingly, a positive corre-
lation of T-cell responses to insulin with age was no-
ted (p < 0.005). This resulted in an inverse relation of
insulin autoantibodies (IAA) and insulin reactive T-
cells (p < 0.001) together with the well-described neg-
ative correlation of IAA with age. Interestingly, insu-
lin-treated patients differed from age-matched

recent-onset IDDM patients: first, simultaneous im-
mune recognition of insulin with T-cells and IAA
was only seen in patients treated for 6 months with in-
sulin; second, insulin-treated patients rarely re-
sponded to whole insulin; third, they displayed less
determinant spreading, and finally, recognition of
multiple insulin peptides was not accompanied by
crossreactivity to whole insulin. These distinct obser-
vations in insulin-treated IDDM patients, together
with the inverse correlation between humoral and
cellular responses to insulin, may result from activa-
tion or modulation of different T-cell subsets, and
may be of relevance to insulin therapy trials, in which
selective activation of non-destructive T-cell subsets
may be a key to successful intervention. [Dia-
betologia (1997) 40: 564–572]
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[15]. The nature of the islet antigen recognized by dia-
betogenic T cells is unknown although T cells of dia-
betic patients have been shown to react to various an-
tigens such as insulin, insulin secretory granules, 38
kDa granule membrane proteins, RINm5F insuli-
noma membranes, fetal pig proislets, human islets
and GAD [16–22]. However, the relation of such re-
sponses with the autoimmune-mediated beta-cell de-
struction process in IDDM is still an open question.

Even though the primary target antigen may not
be known, in NOD mice pathogenic T cells have
been shown to respond to various “antigens” includ-
ing islets [23], beta-cell granules [24], GAD [25] and
insulin [26], with a high frequency of insulin reactive
T cells at the site of insulitis [27]. Furthermore, treat-
ment of prediabetic NOD mice with insulin (oral,
subcutaneous, intranasal) [28–30] or GAD (intrave-
nous, intrathymic, intranasal) [31–33], delays, or
even prevents the onset of IDDM.

In a pilot trial in humans, administration of low
dose subcutaneous and intravenous insulin to a small
group of individuals at risk appears to delay or pre-
vent diabetes [34]. The mechanism responsible for
the protective effect of insulin therapy might involve
immunomodulation, beta-cell rest or down regula-
tion of beta-cell expressed autoantigens [35, 36]. Cur-
rently the Diabetes Prevention Trial is evaluating the
preventive effect of such therapy on a large scale.

Insulin reactive T cells from diabetic patients trea-
ted with animal insulin, and healthy control subjects
have been cloned and shown to be MHC class II re-
stricted [16, 37, 38]. The degree of T-cell reactivity to
human insulin and insulin peptides has not been firm-
ly established. In previous studies, primary cultures
with peripheral blood lymphocytes showed a moder-
ately higher insulin response of T cells in diabetic
subjects [16] and prediabetic subjects [22] compared
with first degree relatives and healthy control sub-
jects, whereas others reported similar responses in
IDDM patients and healthy control subjects [9, 39].

In the present study, we extended the analysis of
peripheral blood T cells to investigate the recognition
of insulin and linear insulin peptides in combination
with insulin autoantibodies. To study the effect of ex-
ogenous insulin administration on T-cell responses,
IDDM patients treated with human insulin for 6 and
12 months, in addition to newly diagnosed patients,
healthy first degree relatives and unrelated age-mat-
ched healthy control subjects were investigated.

Subjects and methods

Probands. Informed consent was obtained from all subjects af-
ter the nature of the procedure was explained. We tested 22
children with newly diagnosed IDDM from Denver, Colorado,
within 3 weeks after initiation of insulin therapy (Table 1). Ad-
ditionally, we tested age-matched diabetic patients who had

manifest diabetes for 6 months and for 12 months and were
all treated with human insulin. Healthy unrelated control sub-
jects were tested for comparison and were defined as young
control subjects if they were below 21 years of age (as were all
diabetic patients tested) and as adult control subjects if they
were above the age of 21 years.

Furthermore, we investigated first degree relatives of dia-
betic patients with at least two islet antibodies (IAA, GAD65,
ICA), who were considered to be relatives at increased risk
[40] and from first degree relatives with less than two antibod-
ies (low risk relatives). Since the latter two groups consisted
mainly of adults, we included adult unrelated healthy control
subjects without any history of diabetes (Table 1). For testing
we required 35 ml peripheral blood drawn by venipuncture.
The blood was used for investigation of lymphocyte autoreac-
tivity, autoantibodies and HLA typing.

Determination of autoantibodies. Insulin autoantibodies (IAA)
were determined by a competitive radioimmunoassay as de-
scribed previously. IAA titres 42 nU/ml and above were con-
sidered positive [8]. GAD65 autoantibodies and ICA were de-
termined as described previously [8, 41]. ICA titres 20JDF
and more and GAD65 autoantibodies above 0.032 (index of
the 99th percentile of the normal range), were considered pos-
itive.

Determination of HLA. HLA-DQA1 determined by PCR
based techniques using the AmpliType TM HLA DQalpha Fo-
rensic DNA Analysis kit (Perkin Elmer, Branchburg, N. J.,
USA) according to the manufacturer’s instructions. HLA
DQB1 was determined as described previously [42].

Antigens. Recombinant human insulin (Sigma, St. Louis, Mo.,
USA) thawed from frozen (–20 °C) aliquots was tested at three
different concentrations (10, 30, 100 mg/ml respectively
16.7 mmol/l) in the lymphocyte stimulation assays. A panel of
synthetic peptides (Molecular Resource Center, National Jew-
ish Center, Denver, Col., USA) based on the primary structure
of murine insulin was tested at 5, 15 and 50 mg/ml (26.3 mmol/l).
The amino acid sequence of insulin is highly conserved between
species [43]. The peptides A2 (CTSICSLYQLENYCN) and B2
(SHLVEALYLVCGERG) are identical between human and
murine insulin, whereas murine peptide A1 (GIVDQCCTSIC-
SLYQ) and B1 (FVKQHLVGSHLVEAL) differ by a single
amino acid and peptide B3 (YLVCGERGFFYTPMS) by two
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Table 1. Number, gender and age of investigated IDDM pa-
tients, first degree relatives and control subjects

Group Gender Age [years]

n male/
female

mean range

Recent-onset IDDM 22 11/11 11.1 5.4–20.4

6 months IDDM 11 6/5 11.8 5.7–17.0

12 months IDDM 12 8/4 11.6 6.7–15.4

First degree relatives
at low risk 21 12/9 25.9 8.4–45.1

First degree relatives
at high risk 21 12/9 21.8 7.5–43.3

Unrelated young
control subjects 19 4/15 15.15 5.3–18.7

Unrelated adult
control subjects 16 11/5 31.25 21.4–46.8



terminal amino acids from human insulin (underlined amino ac-
ids are conservatively substituted, bold amino acids are non-
conservatively substituted). Tetanus toxoid (Wyeth Labs, Pearl
River, N. Y., USA) was dialysed and tested at a concentration
of Limes Flocculation unit/ml.

Lymphocyte stimulation assay. The T-cell proliferation assay
was performed as described previously with minor modifica-
tions using autologous serum [44]. In brief, 150 000 freshly iso-
lated peripheral blood mononuclear cells (PBMCs) were cul-
tured in round bottomed 96-well plates for 6 days at 37 °C,
5 % CO2 in 150 ml Iscove’s modified Dulbecco’s medium (Gi-
bco BRL, Gaithersburg, Md., USA) containing 10 % autolo-
gous, normoglycaemic serum. Autologous serum was chosen
to keep background proliferation low and to keep the in vitro
experiments as close as possible to the situation in vivo. The
PBMCs were incubated in triplicate wells in the presence of ei-
ther human insulin, insulin peptides, tetanus toxoid, interleu-
kin-2 (10% Lymphocult T; Biotest, s, Germany) or in me-
dium alone.

After 5 days 10 ml Hank’s Balanced Salt Solution (Gibco)
containing 0.5 mCi ( = 37 kBq) [3H]thymidine (NEN, Dupont,
Boston, Mass., USA) was added per well and the incubation
was continued for 18 h. Cultures were harvested and [3H]thy-
midine incorporation was measured by liquid scintillation
counting. The results of lymphocyte proliferation are ex-
pressed as Stimulation Indices using the medians of a triplicate
(cpm in the presence of antigen divided by cpm in the absence
of stimulus [medium]). At a stimulation index of at least 3,
which was considered positive, antigen-specific T-cell re-
sponses were significantly higher (Student’s t-test) than the
medium value.

Statistical analysis

Magnitude of T-cell proliferation of the different groups was
compared using Mann Whitney U or Wilcoxon rank sum test.
The frequencies of positive T-cell responses were compared us-
ing Fisher’s exact test. The relation of age, T-cell proliferation
and antibody responsiveness was determined by Rank Spear-
man correlation. Statistical analysis was performed with Graph
Pad Instat using Graph Pad computer software for IBM.

Results

Insulin autoantibodies. All 42 diabetic patients except
one who had diabetes for 6 months were positive for
IAA (Fig. 1). We detected low titre IAA in 2 of 19
(11%) young control subjects and in none of the 16
adult control subjects. In the group of first degree rel-
atives, 12 of 42 (29%) were positive for IAA, 11 of
whom also had GAD antibodies and/or ICA antibod-
ies and therefore were defined “at high risk”.

Proliferative T-cell response to insulin. Freshly isolated
PBMCs of diabetic subjects, first degree relatives of
patients with IDDM and unrelated healthy control
subjects, were cultured in 10% autologous serum
with insulin at three different concentrations. Only ex-
periments with PBMCs proliferating to interleukin
(IL)-2 were included in the analysis. The groups did
not differ in T-cell responsiveness to IL-2 or tetanus
antigen [45]. The range of stimulation indices with tet-
anus toxoid was 10–15 times higher than the responses
to insulin or insulin peptides and reached similar levels
as in previous studies [9, 44, 46]. T-cell responses to tet-
anus toxoid did not correlate with insulin autoanti-
bodies, T-cell responses to insulin, or age.

The insulin concentration giving maximal T-cell
response to insulin varied, but T-cell responses to
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Fig. 1. Insulin autoantibody (IAA) titres of IDDM patients,
first degree relatives and healthy control subjects. IAA levels
of one IDDM patient treated for insulin for 6 months were so
low, that they do not fit on the presented scale



insulin were highest in 21 of 35 responding subjects at
100 mg/ml (17.8% of all subjects tested). Since this
concentration was in the range of concentrations
used in other studies [9, 22, 37, 46–49] it was consid-
ered to be optimal.

The frequencies and magnitudes of T-cell re-
sponses to insulin were equal in age-matched IDDM
patients, relatives and healthy control subjects
(Fig. 2). Surprisingly, significantly higher (p < 0.03)
and more frequent responses to insulin appeared in
adult control subjects compared to young control
subjects (Fig. 3), yielding a positive correlation be-
tween age and T-cell responsiveness to insulin in con-
trol subjects (rs = 0.498, p < 0.005).

Interestingly, none of the IDDM patients (0/11)
treated with insulin for 12 months displayed T-cell re-
activity to insulin whereas 4 of 5 age-matched recent-
onset diabetic patients and 2 of 9 patients treated
with insulin for 6 months did respond to insulin with
T cells (Fig. 2).

IAA and T-cell response to insulin. Combining recent-
onset IDDM patients and all non-diabetic subjects,
increased T-cell reactivity to insulin was inversely re-
lated to insulin autoantibodies (p < 0.001) (Fig. 4).
High levels of IAA were rarely accompanied by T-
cell proliferation to insulin, whereas conversely, sub-
jects with strong T-cell proliferation were most often

negative for IAA. Patients treated with insulin for at
least 6 months were excluded from this analysis, since
the measured IAA might not reflect true insulin auto-
antibodies after exogenous insulin therapy. Even
amongst first degree relatives the inverse relationship
of T-cell proliferation and IAA was apparent. The
analysis of IAA positive and/or T-cell responding
subjects showed, that in the case of IAA, the humoral
response was negatively correlated with age (rs =
–0.614, p < 0.001), whereas the cellular response to
insulin was positively correlated with age (rs = 0.477,
p < 0.002) (Fig. 3). This demonstrates again, that age
matching of the groups is essential.

T-cell response to insulin peptides. The five insulin
peptides were tested at 5, 15 and 50 mg/ml. Again,
the optimal concentration varied per peptide (data
not shown). In the absence of a preferentially recog-
nized concentration, all responses are plotted regard-
less of the concentration (Fig. 5).

Peptide recognition was similar in all groups in
terms of frequency and level of responses but differed
between individual peptides (Fig. 5).The B3 peptide
was almost exclusively (14/15) recognized in combi-
nation with other peptides or whole insulin, and was
more frequently recognized by adult control subjects
than by young control subjects (4/5 vs 1/11, p < 0.02).
The frequency of T-cell responders to A1, A2, B1
and B2 insulin peptide was similar in all groups.

At least one insulin peptide was recognized by 9 of
15 (60%) recent-onset diabetic patients, 3 of 9 (33%)
patients treated with insulin for 6 months, 8 of 11
(73%) patients treated with insulin for 12 months, 10
of 18 (56%) first degree relatives at increased risk
and 7 of 12 (58%) relatives at low risk, 11 of 18
(61%) young control subjects and 5 of 10 (50%)
adult control subjects (Fig. 5). Combining all subjects,
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Fig. 2A–C. T-cell proliferation (stimulation index) to human
insulin (100 mg/ml) of the investigated groups. A: Recent-onset
IDDM patients, 6 months IDDM patients, 12 months IDDM
patients. B: First degree relatives, C: unrelated control sub-
jects; p < 0.03 (Mann-Whitney U) comparing subjects
< 21 years and ≥ 21 years of age. Statistically significant differ-
ences were not found comparing age-matched groups



53 of 96 (55%) responded to at least one insulin pep-
tide. None of the peptides tested appeared to be im-
munodominant or specifically recognized by patients’
T cells.

Proliferative response to insulin and insulin peptides.
Of all subjects tested, 18 of 96 (18.8%) subjects rec-
ognized both whole insulin and insulin peptides,
whereas insulin peptides alone were recognized by
35 of 96 subject (36.5%) (p < 0.01) (Fig. 5). Only
three subjects (two diabetic patients treated with in-
sulin for 6 months, one unrelated adult control) rec-
ognized insulin, but none of the insulin peptides.

Recognition of the multiple peptides (‘determi-
nant spreading’) was associated with recognition of
the whole insulin molecule (Fig. 5). This was most evi-
dent in adult control subjects, who always recognized
insulin peptides together with whole insulin (5/5).
A minority of first degree relatives at increased risk

(2/11) or at low risk (3/7), and young control subjects
(3/11) crossreacted with insulin and insulin peptides
(Fig. 5). In addition, responding adult control subjects
always recognized multiple peptides (5/5), whereas
young control subjects less frequently recognized
multiple peptides (7/11; 4/11 reacted with one pep-
tide). The degree of determinant spreading and insu-
lin recognition was similar in recent-onset diabetic pa-
tients (4/9) and age-matched young control subjects
(3/11). Strikingly, of the eight patients treated with in-
sulin for 12 months and recognizing insulin peptide(s)
none reacted with whole insulin (0/8), and only re-
sponded to a single (6/8), or two peptides (2/8). Thus,
treatment with insulin appeared to result in decreased
determinant spreading compared with recent-onset
patients (borderline significant p < 0.06) (Fig. 5).

HLA analysis. As expected, IDDM patients and their
first degree relatives more often possessed the high
risk HLA-DQB1 alleles (*0302/0201) and less fre-
quently the protective alleles (DQB1*0602,
DQB1*0602,DQB1*0301) than healthy unrelated
control subjects (Table 2).

T-cell reactivity to insulin or insulin peptides was
not different between groups possessing high risk or
protective HLA-DQB1 (Fig. 5) or HLA-DQA1
(data not shown).

Discussion

In the present study we investigated T-cell and B-cell
responses to insulin and insulin peptides in peripheral
blood of recent-onset and insulin-treated diabetic
subjects, related and unrelated healthy control sub-
jects.

T-cell responses to insulin were detected to a simi-
lar extent in age-matched diabetic patients, young
control subjects and first degree relatives at increased
risk demonstrating that T-cell reactivity to insulin (in
contrast to IAA) is not necessarily indicative of
IDDM. These results confirm recent studies [9, 39]
but appear to be in contrast to others [16, 47–51], in
which diabetic patients or individuals at risk re-
sponded more frequently and to a moderately greater
extent to insulin than healthy control subjects. The
different culture conditions used in distinct assays
are likely to be responsible for these discrepancies.
Parameters such as the incubation time of PBMCs,
source of insulin as antigen, the treatment of patients
with beef, pork or human insulin, and the definition
of significant T-cell responses vary between published
assays. Similar to our assay conditions, incubation
times of 5–7 days did not reveal difference in some
studies [9, 22, 39, 46, 52], but did in others [48, 49, 51].

Since T-cells and B-cells have been shown to inter-
act during an immune response it is conceivable that
B-cell responses are accompanied by simultaneous
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T-cell responses to a given antigen. However, in our
study diabetic subjects were in most cases IAA posi-
tive and T-cell proliferation was low or negative,
whereas non-diabetic control subjects and relatives
displayed T-cell responses but not antibodies to insu-
lin. Even amongst first degree relatives an inverse re-
lation of IAA and T-cell response was apparent. Sim-
ilarly, an inverse correlation of autoantibodies and T-
cells to an islet autoantigen was previously observed
in the case of GAD67 [53] where T-cell responses to
GAD67 were associated with the development to di-
abetes in three of four ICA positive subjects. In an-
other study, the inverse relation of T-cell reactivity
and antibodies to the islet autoantigen ICA69 was
shown to be HLA dependent [54]. Our data, with dia-
betic subjects positive for IAA and healthy subjects
who responded with autoimmune T-cells imply that
insulin-specific T-cell reactivity does not correlate
with autoimmune disease and therefore cannot be
used as a predictive marker for IDDM. In addition,
no relation of T-cell responses to insulin with HLA
was detected in our study, which is not surprising due
to the lack of statistical power given by the low num-
bers of responding subjects. Nevertheless, we de-
tected a positive correlation of T-cell responsiveness
with age. In light of the reciprocal association of anti-
bodies [55–58] and T cells with age, the need for
matching of age of the control group with the patient
and high risk subjects is evident.

We furthermore analysed the T-cell response to in-
sulin peptides which were significantly more often
recognized in the absence of insulin than in combina-
tion with insulin (36.5 vs 18.8%, p < 0.01). However,
no disease specific or immunodominant epitopes
were identified in contrast to studies in NOD mice,
where the B2 peptide was preferably recognized and
T cells from NOD mice specific for the immunodom-
inant insulin peptide A2 or B2 (both peptides are
identical in murine and human insulin) were shown
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Population No. of
recognized
peptides

Responders/
investigated

subjects

A1 A2 B1 B2 B3 HLA
DQB1

Recent-
onset
IDDM

patients

6 months
IDDM

patients

12 months
IDDM

patients

1 4/15 0302/0201

0501/0603

0603/0302

0201/0201

2 3 /15 0301/0201

0302/0201

ND

3 1/15 ND

4 1/15 0302/1.8

1 1/9 0201/0301

2 1/9 0201/0201

3 1/9 0302/0201

1 6/11 ND

ND

ND

0501/0301

0302/0201

0302/0302

2 2/11 ND

ND

Group No. of
recognized
peptides

Responders/
investigated

subjects

A1 A2 B1 B2 B3 HLA
DQB1

Young
control

subjects

Adult
control

subjects

1 4/18 0201/0201

0501/0201

0502/0603

0602/0301

2 3 /18 ND

0201/0301

0603/0201

3 2/18 0301/0201

0201/0301

4 1/18 0301/0301

5 1/18 0602/0602

2 2/10 0503/0601

0301/0401

0604/0302

0501/0301

ND

0201/0201

0201/03022 4/12

3 1/10

4 2/10

0201/0302

ND

0201/0302

0604/0201

0603/0201

0301/0302

0302/0502

ND

0302/0302

0302/0201

ND

0201/0301

0301/0603

0302(03)/0604

0201/0201

1 1/12Relatives at
low risk

3 2/12

1 6/18Relatives at
increased

risk

2 3/18

3 1/18

Fig. 5. Positive T-cell response to insulin peptides (at 5, 15 or 50 mg/
ml) simultaneously with insulin (at 15, 50 or 100 mg/ml) (R) or
without insulin (R). Stimulation indices ≥ 3 were considered posi-
tive. Additionally, T-cell proliferation to insulin without peptide
recognition (data not shown) was observed in two IDDM patients
treated with insulin for 6 months and in one healthy control subject

Table 2. Prevalence of HLA-DQB1 in the groups studied

Risk alleles
DQB1 *0201, *0302

Protective alleles
DQB1 *0602, *0603,
*0301

Group 0201/
0302

0302/x
{

0201/x
{

2 protective
alleles

at least 1
protective
allele

IDDM
patients

11/35
31%

6/35
17 %

7/35
20%

0/35
0%

11/35
31%

Relatives
at low risk

3/20
15%

4/20
20 %

5/20
25%

1/20
5%

6/20
30%

Relatives
at high risk

1/17
6%

5/17
29 %

7/17
41%

1/17
6%

4/17
24%

Unrelated
control
subjects

1/27
4%

2/27
7%

4/27
15%

6/27
22%

22/27
81%

{, Not DQB1 *0102/*0301, x; not DQB1 *0602, *0603, *0301



to be diabetogenic [59]. The recognition of multiple
insulin peptides in our study was increasingly accom-
panied by recognition of the whole insulin molecule.
It has been hypothesized that one or more immun-
odominant determinants may be responsible for au-
toimmune disease in the early stage, and that subse-
quently, intra- and intermolecular spreading of epi-
topes occurs, leading to a diverse repertoire and in-
creased determinant spreading in the late stage of dis-
ease [31, 60, 61]. However, the degree of determinant
spreading in relatives at high risk, recent-onset dia-
betic subjects and healthy age-matched control sub-
jects was similar. Remarkably, adult control subjects
differed from young control subjects in that they rec-
ognized insulin peptides exclusively in combination
with whole insulin, whereas only few young control
subjects recognized both insulin and insulin peptides.
This again illustrates the importance of appropriate
age matching of control groups with patients. In hu-
mans, the lack of recognition of a disease specific or
immunodominant insulin epitope together with the
appearance of autoreactive T cells in healthy as well
as diabetic individuals demonstrate, that insulin reac-
tive T cells are not necessarily indicative of autoim-
mune diabetes. This notion is in accordance with
other autoimmune diseases such as autoimmune thy-
roiditis or multiple sclerosis, in which autoreactive T
cells are also detectable in both patients and control
subjects [62, 63].

It has been shown that exogenous insulin can mod-
ulate immune responses in animals and humans [28–
30, 34, 35, 59] leading to a delay or even prevention
of autoimmune diabetes. Interestingly, insulin-trea-
ted IDDM patients differed from newly diagnosed
patients, relatives at risk and unrelated control sub-
jects in several aspects. First, simultaneous immune
recognition of insulin with T cells and IAA was only
seen in patients treated for 6 months with insulin.
Second, T cells of insulin-treated patients rarely rec-
ognized the whole insulin molecule. Third, insulin-
treated patients displayed less determinant spread-
ing, and fourth, recognition of multiple peptides was
not accompanied by crossreactivity to the whole insu-
lin molecule. Together, these observations suggest
that exogenous insulin administration reduces T-cell
reactivity to insulin and insulin peptides. To prove
these observations, longitudinal studies have to be
performed investigating IDDM patients at disease
onset and during the course of insulin therapy.

Our results describe an altered immune response
to insulin in adult and young subjects, and suggest a
decreased recognition of insulin and insulin peptides
in patients treated with insulin which may partly ex-
plain the beneficial effect of insulin administration
observed in the pilot trial. This implies the activation
of different T-cell subsets in patients and control sub-
jects. Whether insulin therapy prior to onset of diabe-
tes can induce the development of non-destructive, or

even protective T-cell subsets must be analysed in fur-
ther studies, including those subjects from the Diabe-
tes Prevention Trial who are treated with insulin be-
fore they develop overt diabetes.
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