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Summary

Immunotherapeutic strategies under consideration for type 1 diabetes
include modification of the autoimmune response through antigen-specific
routes. Administration of short peptides representing T cell epitopes targeted
by patients with the disease represents one approach. This study evaluated
safety and mechanistic outcomes during first-in-man intradermal adminis-
tration of a human leucocyte antigen-DR4 (HLA-DR4)-restricted peptide
epitope of proinsulin (C19-A3). This randomized, open-label study assessed
two major theoretical risks of peptide immunotherapy, namely induction
of allergic hypersensitivity and exacerbation of the proinflammatory auto-
immune response, using clinical assessment and mechanistic assays in vitro.
Patients with long-standing type 1 diabetes and HLA-DRB1*0401 genotype
received 30 mg (n = 18) or 300 mg (n = 18) of peptide in three equal doses at 0,
1 and 2 months or no intervention (n = 12). Proinsulin peptide immuno-
therapy in the dosing regimen used is well tolerated and free from risk of
systemic hypersensitivity and induction/reactivation of proinsulin-specific,
proinflammatory T cells. Peptide-specific T cells secreting the immune sup-
pressive cytokine interleukin (IL)-10 were observed at month 3 in four of 18
patients in the low-dose group (versus one of 12 in the control group; P = not
significant). Mean IL-10 response to peptide in the low-dose group increased
between 0 and 3 months (P = 0·05 after stimulation with 5 mM peptide in
vitro) and then declined to baseline levels between 3 and 6 months (P = 0·01 at
10 mM peptide in vitro). These studies pave the way for future investigations
in new-onset patients designed to examine whether proinsulin peptide immu-
notherapy has beneficial effects on markers of T cell autoimmunity and pres-
ervation of b cell mass.
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Introduction

Intervention and prevention strategies currently under
consideration for type 1 diabetes include agents designed to
modify the autoimmune response through antigen-specific
and non-antigen-specific routes [1]. Among the latter,
studies of monoclonal anti-CD3 antibody therapy have
established clearly that suppression of T cell immunity is
effective in halting b cell damage when initiated at disease
diagnosis, as indicated by preservation of residual C-peptide
for 1–2 years of follow-up [2–4]. Future trials will need to
address the question of whether repeated administration or
maintenance of such immune modulation can extend this
effect. However, the long-term sequelae of both acute

and chronic immunosuppression in this study population
remain unclear, as does the ability of such approaches to
restore tolerance to b cells.

Antigen-specific modulation of the immune response is
viewed as being more likely to restore immunological toler-
ance to b cells [1]. A variety of antigen-specific therapeutic
strategies are effective in murine models of autoimmune
diabetes [5], including administration of islet autoantigen
(whole protein or peptide), via parenteral, oral and nasal
routes. Recent translation of these approaches into man
include therapeutic studies on oral and parenteral insulin
[6,7] and safety studies of subcutaneous injection of
glutamic acid decarboxylase-65 (GAD65) in alum [8] and an
altered peptide ligand of insulin B9-23 [9]. The predominant
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focus upon using whole antigens as tolerogens ignores many
of the potential advantages of using short peptides repre-
senting T cell epitopes targeted by patients with type 1 dia-
betes as part of the b cell-specific autoimmune response.
These include the relatively modest costs of synthesis and the
fact that on a weight-for-weight basis, peptide delivers up to
50 times more of the effective agent (i.e. presented epitope)
than can be achieved with whole antigen [10].

There has been considerable recent interest in promoting
peptide immunotherapy as an approach to restore immuno-
logical tolerance in autoimmune disease and allergy [10–12].
Theoretical risks include induction of an inflammatory
response to the peptide, leading either to an allergic response
and anaphylaxis or exacerbation of the autoimmune
pathology. Indeed, a recent review suggested that the risks of
the former were sufficiently high from animal studies for this
approach to be relatively contraindicated in type 1 diabetes
[13].

In order to take such an approach further towards full
clinical evaluation in type 1 diabetes, we initiated a pro-
gramme of studies to assess the preclinical safety of pro-
insulin peptide immunotherapy. The selected peptide is an
epitope from the C–A chain junction present in proinsulin
but not insulin. It is naturally processed and presented by
human leucocyte antigen-DR4 (HLA-DR4) (B1*0401) and a
prominent target of CD4 T cell responses [13–15]. In the
present study we focused upon two major theoretical risks of
peptide immunotherapy, namely induction of anaphylaxis
and exacerbation of the proinflammatory autoimmune
response. Our study shows that proinsulin peptide immuno-
therapy in the dosing regimen used is well tolerated and free
from risk of systemic anaphylaxis or induction/reactivation
of a proinflammatory autoimmune response. Future studies
in new-onset patients will be required to examine whether it
has beneficial effects on markers of T cell autoimmunity and
preservation of C-peptide.

Research design and methods

Subjects

Subjects were recruited from the Bristol area. Inclusion
criteria were: > 5 years’ duration of type 1 diabetes; HLA-
DRB1*0401 genotype; C-peptide � 0·2 nmol/l 6 min post-
intravenous challenge with 1 mg glucagon; HbA1c < 10%
at the time of recruitment. Exclusion criteria were: history
of asthma, atopy or documented allergy; use of steroids
or immunosuppressive drugs; other autoimmune disease
(except thyroiditis); women not using effective contracep-
tion and pregnancy or breast feeding; retinopathy beyond
background change; proteinuria; and raised creatinine. A
total of 134 individuals were screened, of whom 57 were
eligible and 48 were recruited sequentially into two groups of
24. Within each group subjects were randomized to receive
either three intradermal injections of proinsulin peptide on

a monthly basis (n = 18) or to receive no treatment (n = 6),
resulting in a total of 18 subjects in the two treatment groups
and 12 subjects in the control group. Treated subjects in the
first group received 10 mg peptide and in the second group
100 mg, administered in 0·05 ml 0·9% NaCl. The study
design is shown in Fig. 1. Dose and dosing interval were
selected on the basis of studies in clinical allergy [16] and the
DiaPep277 study in type 1 diabetes [17].

At baseline, prior to the second and third injections, and at
study months 3 and 6, subjects underwent physical exami-
nation and measurement of antibodies to GAD65, the islet
tyrosine phosphatase IA-2 (IA-2) and insulin, full blood
count, liver enzymes, urea, creatinine and electrolytes,
immunoglobulin (Ig) levels, thyroid stimulating hormone
level, HbA1c and a lipid profile. Control subjects underwent
identical clinical and biochemical assessments but did not
receive any intervention. Because the primary outcome of
this first-in-man study was safety of proinsulin peptide
injection, clinical investigators were not blinded to a sub-
ject’s treatment group.

The study was conducted in accordance with Interna-
tional Conference on Harmonization/World Health Organi-
zation Good Clinical Practice standards, with independent
Data Safety Monitoring Board (DSMB) meetings on
completion of each treatment group. The study was
approved by the North Somerset and South Bristol Research
Ethics Committee and the UK Medicines and Healthcare
products Regulatory Agency. All subjects provided written
informed consent prior to enrolment in the study.

The study protocol defined two primary outcome mea-
sures: (i) safety profile of proinsulin peptide administration
[allergy, changes in routine biochemistry and metabolic
control (HbA1c)]; and (ii) changes in cytokine responsive-

Mechanistic assay time-points

Month of study

3

Peptide
administration

60

Fig. 1. Graphical representation of study design, indicating timing of

proinsulin peptide injections and major mechanistic studies. This

template was followed for the 10 mg and 100 mg doses.
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ness to proinsulin peptide detected by enzyme-linked
immunospot (ELISPOT) 3 months after the first injection
compared with baseline. Secondary outcome measures were:
(i) changes in cytokine responsiveness to proinsulin peptide
detected by ELISPOT 6 months after the first injection versus
baseline; and (ii) changes in anti-GAD65, anti-IA-2, anti-
insulin and anti-proinsulin peptide antibody levels at any
time-point.

Peptide

Proinsulin peptide C19-A3 (GSLQPLALEGSLQKRGIV) was
prepared to Good Manufacturing Practice standards by
Calbiochem-Novabiochem AG Clinalfa, affiliate of Merck
Pharmaceuticals (Läufelfingen, Switzerland). The peptide
was > 95% pure, endotoxin-free and showed no toxicity in
formal testing in two species (guinea-pigs and mice).

Mechanistic studies

Heparinized blood was obtained at baseline, 3 and 6 months
and coded to blind the laboratory as to sample status (drug
or non-drug; dose). Peripheral blood mononuclear cells
(PBMCs) were purified within 6 h for cytokine ELISPOT
assays for interferon (IFN)-g, interleukin (IL)-4, IL-13, IL-5
and IL-10, as described previously [16,17]. For each cytok-
ine, three separate aliquots of 106 PBMCs were stimulated
with 10 ml study drug (proinsulin peptide) diluted in 0·9%
saline to final concentrations of 1, 5 and 10 mM. Identical
cultures were established for the negative and positive
control conditions using 10 ml 0·9% saline or 6 ml/ml and
0·6 ml/ml of Pediacel (pertussis, diphtheria, Haemophilus
influenza B, polio and tetanus toxoid vaccines; Sanofi Pasteur
MSD, Maidenhead, UK). ELISPOTs were analysed as
described [14] as the sum of triplicate wells and provided as
the number of responder cells/106 PBMCs using a stimula-
tion index (SI, derived as number of spots in test wells/
number in saline control wells) of � 3·0 to indicate a
response to peptide. Inter- and intracoefficients of variation
are 10·7% and 12·3% respectively. ELISPOT plate reading
and the assignment of response/non-response was carried
out while the samples remained coded. In the design of this
study, we predetermined that a T cell response to proinsulin
peptide C19-A3 would be recorded when an SI of � 3·0 was
seen at two or more of the peptide doses present in the
cultures (1, 5 and 10 mM).

Predetermined criteria were used to assign cytokine
ELISPOT results as indicating a ‘favourable’ T cell response
to proinsulin peptide therapy. Designation of ‘favourable’
was based on the hypothesis that peptide immunotherapy
operates through the induction of C19-A3-specific CD4 T
cells secreting IL-10 [18] and/or deletion [10] or suppression
[19] of proinflammatory (IFN-g+) C19-A3-specific CD4
T cells. ‘Favourable responders’ had either (i) an IL-10
response to peptide induced at 3 months or (ii) lost a base-
line IFN-g response to peptide at 3 months.

IgG antibodies against C19-A3 were measured by enzyme-
linked immunosorbent assay [20]. Rabbit polyclonal anti-
serum against C19-A3 was used to derive a standard curve,
against which patient sera (diluted 1:30, 1:100 and 1:1000)
were measured. Further modification allowed measurement
of IgE anti-peptide antibodies in undiluted test serum.
Radioaimmunoassays were used to measure antibodies
against IA-2, GAD65 [21] and insulin (RSR Ltd, Cardiff,
UK).

Statistical analysis

Student’s t-tests for paired samples were used to analyse
changes in within-group cytokine ELISPOT responses at
baseline, 3 and 6 months. Mean change in HbA1c levels from
baseline for each treatment/control group was compared
between groups using a Mann–Whitney U-test. The Wil-
coxon matched-pairs test was used to analyse changes in
HbA1c levels within each treatment group over time, the null
hypothesis being that there would be no overall change.
Mean change in anti-GAD65, anti-IA-2, anti-insulin and
anti-proinsulin peptide antibody levels from baseline for
each treatment/control group was compared between
groups using a Mann–Whitney U-test. P-values < 0·05 were
considered significant.

Results

Study enrolment and completion

Of the 48 subjects recruited, 45 (94%) completed the study.
One subject (10 mg dose group) withdrew following the
second treatment because of work commitments. Two sub-
jects died during the course of the study. One subject, in the
control group, died unexpectedly overnight (‘dead in bed’)
before the 6-month study visit. Such deaths are recognized in
diabetes [22], and no alternative diagnosis was made follow-
ing a coroner’s investigation. One subject (100 mg dose
group) completed peptide administration but committed
suicide 3 months after the last dose of peptide. Both events
were carefully reviewed by the DSMB and the deaths were
not considered to be related to participation in the study. The
mean age of participants was 40·6 years (range 21–53 years)
and mean duration of type 1 diabetes 23·8 years (range 7–45
years).

Tolerability and safety of intradermal proinsulin
peptide administration

Proinsulin peptide administration was well tolerated by all
subjects. There were no systemic allergic reactions, or other
treatment-related serious adverse events, in any of the 36
treated subjects. Routine biochemical and haematologi-
cal measurements did not change significantly during
treatment.
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Of the 18 subjects receiving the 10 mg dose, two (11%) had
transient (maximum duration 2 h), localized erythematous
skin reactions at the injection site with a maximum diameter
of 20 mm. One subject experienced these after the first and
third peptide injections, and the other after all three injec-
tions (Fig. 2a). These were not accompanied by weal, itching
or pain at the injection site or systemic symptoms, and
although present in the same subjects in their subsequent
injections did not increase in speed of appearance, magni-
tude or duration with subsequent injections. Similar reac-
tions were seen in significantly more of the subjects receiving
the 100 mg dose (10 of 18; 56%, P = 0·012 versus 10 mg dose)
on at least one occasion with a maximum diameter of
50 mm (Fig. 2b). Although skin reaction size increased in
two subjects in this group, there did not appear to be any
consistent pattern of escalation of size or frequency of the
reaction with repeat administration. Reactions such as these,
appearing within 30 s of injection, are suggestive of a local
vasodilatatory response, and have been observed by others
during peptide immunotherapy and attributed to minor
chemical contaminants from the peptide synthesis (Mark
Larché, personal communication). The lack of evidence of
sensitization or amplification with further doses in the
majority of subjects, along with the absence of induction of

IgG or IgE anti-peptide antibody or T helper type 2 (Th2)
cellular immune responses (see below), militate against a
diagnosis of allergic hypersensitivity but are consistent with
the possibility of an erythematous drug reaction, because of
local vasoactive properties of either the peptide or a minor
contaminant from the synthesis process. This conclusion is
supported further by studies in which we have injected mice
transgenic for HLA-DRB1*0401 with 10, 100 and 1000 mg of
peptide using an identical regimen, and observed no induc-
tion of IL-4 producing T cells (data not shown).

Th2 cytokine responses to proinsulin peptide C19-A3

In order to address the risk of inducing anti-peptide allergic
responses, we examined Th2-type responses using cytokine
ELISPOTs to detect IL-4, IL-5 and IL-13. These are the
prototypic type 2 cytokines associated typically with
allergic responses and represent a surrogate measure of
hypersensitivity. As shown in Fig. 3, baseline Th2 cytokine
responses to proinsulin peptide were largely absent, consis-
tent with our previous reports that Type 2 CD4 T cell auto-
reactivity in type 1 diabetes is rare [14,23]. Notably,
considering the treatment groups as a whole, there was no
evidence of induction of Th2 cytokines at 3 or 6 months after
first peptide administration (Fig. 3). No subject showed any
significant (SI � 3·0) Th2 response to the peptide at any
dose at any stage. In contrast, recall Th2 responses to the
pentavalent vaccine Pediacel were detected frequently
(data not shown).

The IFN-g response to proinsulin peptide C19-A3

Our second safety concern was the possible induction of
proinflammatory Th1-type responses to the administered
peptide, as we have shown previously that this type of CD4 T
cell autoreactivity to islet autoantigens is a hallmark of new-
onset type 1 diabetes [14,23] and it is considered widely to
play a role in b cell damage. We therefore examined anti-
peptide responses using cytokine ELISPOTs to detect IFN-g,
the prototypic type 1 cytokine. As shown in Fig. 4, baseline
IFN-g cytokine responses to proinsulin peptide were largely
absent in these subjects with long-standing disease. This is
consistent with previous reports that islet autoreactive
proinflammatory responses tend to wane after diagnosis.
One subject in each of the treatment groups had a significant
response to proinsulin peptide at baseline (SI � 3·0 at two
peptide concentrations) but not at subsequent analyses.

Considering the treatment groups as a whole, there was
no evidence of induction of IFN-g response to proinsulin
peptide at 3 or 6 months after first peptide administration
(Fig. 4). In one subject (10 mg group) a significant (SI � 3·0
at two peptide concentrations) IFN-g response to proinsulin
peptide was observed at 3 months after enrolment and in
another subject in the same group a significant response at 6
months after enrolment. In one subject (100 mg group) a
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Fig. 2. Prevalence and size of erythematous skin reactions among (a)

18 subjects receiving the 10 mg dose and (b) 18 subjects receiving the
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injections respectively.

Proinsulin peptide immunotherapy in T1D

159© 2008 British Society for Immunology, Clinical and Experimental Immunology, 155: 156–165



significant response to peptide was observed at baseline and
in one subject (control group) at the 3-month time-point. In
contrast, recall IFN-g responses to the pentavalent vaccine
Pediacel were detected frequently (data not shown). Taken
together, these data suggest that IFN-g responses to the pro-

insulin C19-A3 epitope, which are known to be highly preva-
lent among DR4 subjects at diagnosis, have largely waned
after diagnosis to become only sporadically detectable. There
was no consistent indication of induction of a peptide-
specific IFN-g response following peptide administration
and no significant changes in the group means.

The IL-10 response to proinsulin peptide C19-A3

In order to address the possibility that peptide immuno-
therapy is able to influence immune regulation, we examined
peptide-specific IL-10 response by cytokine ELISPOT, as
production of this cytokine is associated with subsets of CD4
T cells that have a regulatory phenotype. As shown in Fig. 5,
mean baseline IL-10 responses to proinsulin peptide were
low or absent in all study groups. In the 10 mg dosing group,
there was a rise in mean IL-10 responses at all in vitro peptide
concentrations at 3 months after enrolment, which was sig-
nificant at the 5 mM peptide concentration in vitro (P = 0·05)
but not at 10 mM (P = 0·15). This change was due largely to
the effect on the group mean of four of 18 subjects who
showed a significant (SI � 3·0 at two peptide concentra-
tions) response to peptide at this time-point, although this
frequency of responders was not significant when compared
with the untreated control group. Mean IL-10 responses to
peptide (SI) declined between 3 and 6 months in the 10 mg
dosing group (P = 0·08 and P = 0·01, respectively, at the
5 mM and 10 mM in vitro peptide concentrations). In the
untreated control group, one subject responded significantly
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(SI � 3·0 at two peptide concentrations) at 3 months to
proinsulin peptide. In the 100 mg dosing group a similar
IL-10 response was observed in one subject at baseline and
one at 6 months. In neither of these groups was any signifi-
cant change in mean IL-10 responses seen.

Designation of favourable response to proinsulin
peptide administration

Using our predetermined criteria (see Methods), one subject
in each of the peptide treatment groups was designated a
‘favourable responder’ through having a significant IFN-g
response to proinsulin peptide at baseline (SI � 3·0 at two
peptide concentrations), which was absent at all subsequent
analyses. Similarly, four subjects in the 10 mg and one control
subject were designated as ‘favourable responders’ through
having induction of significant IL-10 responses (SI � 3·0 at
two peptide concentrations) to proinsulin peptide at 3
months. Examples of these responses are shown in Fig. 6.

Glycaemic control

At baseline, there was no significant difference in HbA1c
level between any of the study groups. Mean [standard

deviation (s.d.)] value in the 10 mg dosing group was 7·70%
(0·99); in the 100 mg group 8·41% (0·91) and in the control
group 7·9% (1·03). No significant change in HbA1c values
was observed at 3 months in any of the study groups
(Fig. 7a). However, at 6 months, HbA1c levels in the 10 mg
dosing group fell significantly compared with baseline
[mean change -0·23%, 95% confidence interval (CI) -0·42
to -0·03, P = 0·02] and compared with the control subjects
(mean change in controls subjects %HbA1c 0·35, 95% CI
-0·01 to 0·71, P = 0·02) (Fig. 7b). Of interest, HbA1c levels
fell in all five subjects in the 10 mg dosing group who were
considered to have a favourable T cell response to peptide
therapy at 3 months, compared with only four of the 12
subjects who did not show a T cell response at this time
(P = 0·03) (Fig. 7). In this dosing group, mean change in
HbA1c was higher among T cell responders than non-
responders, although this difference did not reach statistical
significance (P = 0·06). In the 100 mg dosing group, there was
no significant change in HbA1c level at any time-point. Of
the two subjects in this group who had a favourable T cell
response to treatment, one showed a fall and the other
showed a rise in HbA1c level.

Anti-proinsulin peptide and islet cell antibodies

None of the subjects had detectable IgG class anti-proinsulin
peptide antibodies at baseline or during the course of the
study. In six subjects in whom skin reactions to peptide
injection were observed, IgE-class anti-peptide antibodies
were also measured, but were not detectable. There were no
significant changes in levels of anti-GAD65, anti-IA-2 or
anti-insulin antibodies in any of the treatment groups.

Discussion

This is the first study in which a natural peptide sequence
representing a CD4 T cell epitope of an islet autoantigen has
been administered to patients with type 1 diabetes. The study
shows that intradermal injection of proinsulin C19-A3 is
both well tolerated and safe. In particular, our study shows
no evidence that proinsulin peptide immunotherapy is
associated with risk of systemic allergic hypersensitivity or
induction/reactivation of potentially damaging proinflam-
matory T cell responses. Given that these represent the major
theoretical hazards of this approach, our study signifies an
important milestone in the clinical evaluation of peptide
immunotherapy for type 1 diabetes.

Peptide immunotherapy has been used in the successful
prevention and treatment of numerous animal models of
human inflammatory and autoimmune diseases, including
type 1 diabetes [10]. In terms of clinical translation, the most
experience thus far has been gained in the setting of type I
(allergic) hypersensitivity. A recent review highlighted the
fact that 418 patients with cat and bee venom allergies have
been treated in 11 studies, 10 of which reported positive
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findings, including improved symptom scores and changes
in T cell responses to allergen, including IL-10 production
and induction of allergen-specific regulatory T cells [11].
Given the success of peptide immunotherapy in this clinical
setting, it may seem paradoxical that one of the main safety
concerns addressed in the present study was induction of
allergy and anaphylaxis. This concern was based on studies
in the non-obese diabetic mouse model involving adminis-
tration of the dominant CD4 T cell autoantigenic epitope
insulin B9-23 [24,25]. However, in these studies relatively
large quantities (total > 1 mg) and repeated (seven times)
dosing of peptide were used. Our own study shows that
within the range of a total dose of 300 mg given over three
injections in man, there was neither clinical nor immuno-
logical evidence of a systemic hypersensitivity response. It
remains a possibility that the skin reactions we observed
were due to local hypersensitivity reactions that were not

associated with systemic changes in T cell or antibody
responses.

Our second safety concern related to induction/
reactivation of proinflammatory, proinsulin-specific auto-
reactivity. In the absence of any observed induction of anti-
peptide antibodies or emergence of proinsulin peptide-
specific CD4 T cells secreting the proinflammatory cytokine
IFN-g (a hallmark of type 1 diabetes diagnosis; [14]) it seems
reasonable to conclude that disease exacerbation may be of
limited concern. This is consistent with studies in animal
models, in which induction or acceleration of disease
through antigen administration is exceedingly rare [10].
However, it is noteworthy that proinflammatory responses to
proinsulin peptide C19-A3 were not detectable at baseline in
the long-standing patients enrolled in this study. This signi-
fies a difference between patients with long-standing disease
and those with new-onset type 1 diabetes, as we and others

Fig. 6. Representative examples of the five

patients who received proinsulin peptide

immunotherapy at the 10 mg dose and showed

a ‘favourable’ T-cell response, either designated

as induction of IL-10 secreting cells or

designated as loss of IFN-g secreting cells at 3

months [signified by stimulation index (SI) 33

at 32 peptide concentrations; dotted line

indicates the cut-off]. Circle, triangle and

square symbols represent 1, 5 and 10 mM

concentrations of peptide used in the ELISPOT

assay in vitro.
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have shown that near to diagnosis T cell reactivity against
the C19-A3 region is a prominent feature of disease
[10,14,15,26,27]. Thus, there remains a theoretical possibil-
ity that peptide administration under the latter circum-
stances could promote activation of primed autoreactive T

cells and accelerate b loss. Studies on patients near to diag-
nosis will be required to evaluate this potential risk.

The mechanisms through which peptide immunotherapy
mediates its beneficial effects are not known with certainty,
but include induction of anergy and deletion of pathogenic
T cells that target the administered sequence [10]. There is
also evidence for induction of CD4 T cells with regulatory
properties [19]. Peptide immunotherapy promotes domi-
nant presentation by immature dendritic cells through
direct binding to surface major histocompatibility complex
(MHC) class II molecules, conditions known to favour the
induction of CD4 T cells secreting IL-10 [18,28], and such
cells have been observed following peptide immunotherapy
for clinical allergy [28]. Our study offers preliminary evi-
dence that proinsulin peptide immunotherapy is associated
with the appearance of C19-A3-specific IL-10+ CD4 T cells.
It was notable that the appearance of such cells was relatively
short-lived, with the number detected declining significantly
between months 3 and 6 in the 10 mg group. It should be
emphasized that the study had limited power to examine the
induction of immune regulation, especially in subjects with
long-standing disease in whom there was no pre-existing
proinflammatory response. The IL-10 phenotype has been
associated with later age of onset of type 1 diabetes [14]
and improved glycaemic control [29,30], and therefore
represents an important potential surrogate of immune
regulation. Future studies in new-onset patients with type 1
diabetes will be required to explore whether induction of
these cells is reproducible and enhanced by repeated or
extended dosing.

Finally, the observation that metabolic control at 6
months was improved significantly in the low-dose peptide
group compared with control subjects is intriguing. In our
study design, control subjects did not receive any form of
injection, and it is possible that the improved metabolic
control we observed in the 10 mg-treated group is a placebo
effect among subjects undergoing the true intervention.
However, it is worth noting that the improved metabolic
control was observed at month 6, following a period of 3
months during which neither the treatment nor control
groups had any interaction with the clinical team. Further-
more, there is the additional observation that all the subjects
receiving low-dose peptide in whom a favourable T cell
response to peptide was noted had improved HbA1c levels, a
significant difference in frequency compared with non-
responders. Beneficial effects on HbA1c levels were not seen
in the 100 mg-treated group, in whom favourable T cell
responses were not seen. These results should be interpreted
cautiously, and as we did not collect information on the
insulin requirements of subjects during the study there is no
additional corroborative evidence of an effect of peptide
therapy on metabolic control. Whether proinsulin peptide
injections induced a regulated immunological environment
that allowed insulin-secreting cells, known to exist in the
pancreata of patients with long-standing type 1 diabetes in
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subjects in the 10 mg, 100 mg and control groups respectively) and

(b) between baseline and 6 months for each subject in each treatment

group (data available on 17, 15 and 12 subjects in the 10 mg, 100 mg

and control groups respectively). Subjects classified as showing

favourable T-cell responses (designated as induction of IL-10 secreting

cells or loss of IFN-g secreting cells at 3 months; see Fig. 6) are shown

with open symbols. Panel (b) shows that mean change in HbA1c is

significantly greater in subjects in the 10-mg dosing group compared

with control subjects (P < 0·05) at 6 months. *Signifies that the mean

change in HbA1c (reduction from baseline) is significant in the 10 mg

group (P < 0·05) but not the other groups and that in the 10 mg

dosing group the IL-10 responders had a significantly higher

frequency of reduction in HbA1c than the non-responder group

(P < 0·05).
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close proximity to T cells and macrophages [31], to exert
functional effects, remains a speculation that will be best
resolved in Phase II studies.
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