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Several self-molecules have been identified as target antigens in autoimmune diseases. Since lack or loss of tolerance to
these molecules is one of the key events promoting autoimmunity, researchers are exploring the possibility that the
administration of antigens or peptides may stimulate tolerogenic mechanisms and delay or prevent the full phenotypic
expression of autoimmune diseases. There is much enthusiasm for such therapies, as these will probably be disease-
specific and not associated with the side effects of conventional immunosuppression. Studies have been performed and
are ongoing in both rodents and humans, using whole antigens or peptides, and testing diverse administration routes
such as intrathymic, intraperitoneal, intravenous, subcutaneous, oral, and intranasal. Despite many studies, robust data
demonstrating clinical benefits are not yet available (1). Antigen and/or peptide-based interventions in diabetes Type 1
diabetes (T1D) represents one of the most suitable diseases to exemplify such heterogeneous outcomes. Three
autoantigens — proinsulin/insulin, glutamic acid decarboxylase (GAD), and tyrosine phosphatase–like protein IA-2 (or
ICA512) — have been well characterized in both humans and the NOD mouse model of autoimmune diabetes (2).
Although all of these molecules are expressed in pancreatic islets, insulin and its precursor proinsulin are uniquely
secreted by pancreatic β-cells. Several studies have suggested an important role for autoimmune responses to epitopes
of insulin/proinsulin, such as the peptides B9–23 (the 9–23 amino acid […]
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Several self-molecules have been iden-
tified as target antigens in autoim-
mune diseases. Since lack or loss of tol-
erance to these molecules is one of the
key events promoting autoimmunity,
researchers are exploring the possibil-
ity that the administration of antigens
or peptides may stimulate tolerogenic
mechanisms and delay or prevent the
full phenotypic expression of autoim-
mune diseases. There is much enthusi-
asm for such therapies, as these will
probably be disease-specific and not
associated with the side effects of con-
ventional immunosuppression. Stud-
ies have been performed and are ongo-
ing in both rodents and humans,

using whole antigens or peptides, and
testing diverse administration routes
such as intrathymic, intraperitoneal,
intravenous, subcutaneous, oral, and
intranasal. Despite many studies,
robust data demonstrating clinical
benefits are not yet available (1).

Antigen and/or peptide-based
interventions in diabetes
Type 1 diabetes (T1D) represents one
of the most suitable diseases to exem-
plify such heterogeneous outcomes.
Three autoantigens — proinsulin/
insulin, glutamic acid decarboxylase
(GAD), and tyrosine phosphatase–like
protein IA-2 (or ICA512) — have been
well characterized in both humans and
the NOD mouse model of autoim-
mune diabetes (2). Although all of
these molecules are expressed in pan-
creatic islets, insulin and its precursor
proinsulin are uniquely secreted by
pancreatic β-cells. Several studies have
suggested an important role for
autoimmune responses to epitopes of
insulin/proinsulin, such as the pep-
tides B9–23 (the 9–23 amino acid
region of the insulin B chain) (3, 4) and
B24–C36 (the proinsulin B-chain–

C-peptide junction) (5, 6). In NOD
mice, both subcutaneous and oral
administration of insulin can delay or
prevent diabetes; oral insulin induces
regulatory CD4+ T cells, while nasores-
piratory insulin induces regulatory
CD8+γδ-T cells (7–11). However, in a
Diabetes Prevention Trial–Type 1
(DPT-1) study that involved the par-
enteral administration of insulin, no
significant effect on progression to
overt disease in autoantibody-positive
first-degree relatives of T1D patients,
who have increased risk of developing
diabetes, was demonstrated (12). While
the results of the oral insulin arm of
DPT-1 are expected in June 2003, a ran-
domized, crossover, pilot trial of
intranasal insulin in at-risk first-degree
relatives demonstrated changes in
immune and metabolic markers that
were consistent with an immuno-
protective effect (13).

The subcutaneous or intranasal
administration of the insulin peptide
B9–23 can also prevent diabetes in
NOD mice (3), similarly to the neonatal
administration of the B10–24 peptide
(9). However, the administration of sev-
eral antigen-derived peptides, in adju-
vant, to newborn NOD mice, resulted
in the early activation of multiple
autoimmune responses (14). Similarly,
the intrathymic injection of T1D-asso-
ciated antigens or peptides resulted in
delayed or accelerated diabetogenesis,
depending on the peptides used (15).
Recent studies in mice have also shown
that the repeated administration of
insulin or GAD peptides, including the
B9–23 peptide, can induce lethal ana-
phylactic responses (16, 17). While sim-
ilar occurrences have not been reported
in a phase I trial in which a modified
insulin B9–23 peptide (altered peptide

Address correspondence to: Alberto
Pugliese, Departments of Medicine, and
Immunology and Microbiology,
Immunogenetics Program, Diabetes Research
Institute, University of Miami, 1450 NW
Tenth Avenue, Miami, Florida 33136, USA.
Phone (305) 243-5348; Fax: (305) 243-4404;
E-mail: apuglies@med.miami.edu.
Conflict of interest: The author has declared
that no conflict of interest exists.
Nonstandard abbreviations used: type 1
diabetes (T1D); glutamic acid decarboxylase
(GAD); Diabetes Prevention 
Trial–Type 1 (DPT-1).



ligand) was administered subcuta-
neously to normal individuals, the
administration of any proinsulin or
insulin peptides has not yet been
attempted in the context of T1D pre-
vention trials or in an attempt to halt
autoimmunity in new onset patients.
Clearly, more studies are needed as a
number of factors, including the nature
of the antigen or peptide, the dose, the
route and/or mode of administration,
and the stage of disease at which the
subjects enter the trial, can all influence
the efficacy and safety of these experi-
mental treatments.

The double-edged sword
In the current issue of the JCI, Martinez
et al. report on a new element that will
need to be considered when attempting
peptide-based T1D therapy (18). While
the goal of peptide administration is to
induce regulatory cells and inhibit spe-
cific autoimmune responses, the data
show that, depending on the peptide
used, one may also induce undesired
cytotoxic CD8+ T cell responses. In this
study, the intranasal administration of
the B24–C36 proinsulin peptide to
NOD mice induced regulatory cells

that could transfer disease protection
to another mouse, but the peptide-
treated mice were not protected from
developing spontaneous disease. The
authors then noted that the B24–C36
peptide contains binding motifs not
only for I-Ag7, the MHC class II mole-
cule of the NOD mouse, but also for
the MHC class I molecule Kd. The
B24–C36 peptide contains the
B25–C34 and B26–C34 epitopes that
bind to Kd, and mice immunized with
the latter two peptides mounted specif-
ic cytotoxic responses. In contrast, the
systemic administration of B25–C34
reduced spontaneous diabetes inci-
dence, confirming a role for CD8+

responses to this epitope in the natural
disease process. Thus, intranasal
administration of the B24–C36 peptide

resulted in both regulatory CD4+ T cell
and cytotoxic CD8+ T cell responses rec-
ognizing the Kd-restricted B25–C34 epi-
tope contained in the B24–C36 peptide.
Such cytotoxic responses blunted the
protective effect associated with the
induction of the regulatory cells, sug-
gesting that mucosal administration of
antigen can sometimes be a double-
edged sword. To circumvent this prob-
lem, the authors designed a strategy to
“disable” the CD8+ epitope contained
in the B24–C36 peptide, in other words,
to prevent CD8+ T cells from recogniz-
ing this epitope, while preserving the
ability to induce regulatory CD4+ T
cells (Figure 1 and Table 1). This was
achieved by treating the mice with trun-
cated peptides, B24–C33 or B24–C32,
still capable of binding to IAg7 but not
to Kd. Intranasal administration of the
truncated peptides resulted indeed in a
significant reduction in the incidence
of spontaneous diabetes.

The findings reported by Martinez et
al. (18) suggest that the undetected in-
duction of CD8+ T cell responses could
explain at least some of the contrasting
outcomes reported by several experi-
mental studies and clinical trials. Most
importantly, this study has practical
implications for the design of clinical
trials based on the administration of
peptides for preventing autoimmunity.
Based on these findings, it would seem
helpful to select putative therapeutic
peptides for their ability to selectively
bind class II but not class I molecules
that are used as restriction elements by
CD8+ T cells and could potentially an-
tagonize the beneficial effects of 
class II–restricted, regulatory CD4+ T
cells. This strategy can effectively disable
the potential of eliciting cytotoxic
responses and maximize the protective
effects of the regulatory cells. While this
study was limited to the NOD mouse
MHC molecules, the availability of
mouse strains expressing human class II
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Table 1
Key proinsulin peptides, their respective MHC binding capacities, and induced T cell responses

Proinsulin I-Ag7/Kd CD4+/CD8+

Peptides Binding Responses

Residues 24 25 26 27 28 29 30 31 32 33 34 35 36
B24–C36 F F Y T P M S R R E V E D Yes/Yes Yes/Yes
B24–C33 F F Y T P M S R R E - - - Yes/No Yes/No
B24–C32 F F Y T P M S R R - - - - Yes/No Yes/No

Figure 1
Disabling a CD8+ epitope. Intranasal administration of different proinsulin peptides results
in presentation from an antigen-presenting cell (APC) to CD4+ and CD8+ T cells, depending
on the peptide administered. Proinsulin peptides B24–C36, B24–C35, and B26–C34 can bind
to the MHC class I molecule (Kd), resulting in the activation of cytotoxic T cells. The use of
truncated peptides that do not contain the residues critical for binding to Kd, but still bind
to the NOD mouse MHC class II molecule (I-Ag7), allows for selective activation of regula-
tory CD4+ T cells. The same APC is shown presenting simultaneously to both CD4+ and CD8+

T cells for illustration purposes. TCR, T cell receptor.
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and class I molecules (19–21), in partic-
ular those associated with T1D suscep-
tibility, is increasing. This offers re-
searchers the opportunity to test such
binding predictions and may provide an
in vivo readout of the responses induced
by a given peptide also in relation to
dose and route of administration.
Screening of candidate peptides for clin-
ical trials using such humanized mouse
models could guide the choice of pep-
tides for future prevention trials and
might maximize our chances of achiev-
ing both efficacy and safety.
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Insulin stimulates glycogen synthesis in
the the liver and skeletal muscle. After a
mixed meal, the secretion of insulin
from pancreatic β cells thus results in

about 20% and 30% of the carbohydrate
intake being stored in the form of glyco-
gen in the liver and skeletal muscle,
respectively (1, 2). Defects in this process
can therefore be a major contributor to
postprandial hyperglycemia. Indeed, the
glycogen contents of the liver and skele-
tal muscle are reduced in individuals
with type 2 diabetes (3, 4).

Glycogen metabolism is controlled
predominantly by the coordinated
action of two enzymes, glycogen syn-
thase and glycogen phosphorylase, both
of which are regulated by phosphoryla-
tion and allosteric modulators. Insulin
promotes the net dephosphorylation of
both glycogen synthase and glycogen

phosphorylase through the inhibition
of protein kinases and the activation of
protein phosphatases. Among the pro-
tein kinases, glycogen synthase kinase–3
(GSK-3) is thought to be an important
target for insulin in its stimulation of
glycogen synthase activity (5, 6). Among
the protein phosphatases, protein phos-
phatase 1 (PP1) has been implicated in
this action of insulin (6).

PP1 is an abundant protein serine-
threonine phosphatase that is ex-
pressed in all compartments of eukary-
otic cells. The catalytic subunit of PP1
thus interacts with a wide variety of tar-
geting subunits that localize it to spe-
cific sites within the cell. A family of
proteins that target PP1 to glycogen
and thereby regulate its activity has
been identified. These proteins include
GM (PPP1R3), GL (PPP1R4), PTG (pro-
tein targeting to glycogen or PPP1R5),
and PPP1R6.

Deletion of glycogen-targeting
subunits of PP1 (PTG and GM) 
in mice
PTG was cloned as a binding protein of
the catalytic subunit of PP1 by Saltiel
and coworkers in 1997 (7). This protein
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