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KEYWORDS Abstract Type 1 diabetes is a chronic immune-mediated disease resulting in destruction of insulin-
Type 1 diabetes; producing p-cells. Several studies have been performed aiming to halt disease progression after
C-peptide; diagnosis; to reduce the increased diabetes risk in islet-autoantibody positive subjects; and to prevent
Immunotherapy; the onset of B-cell autoimmunity in subjects genetically at risk but without autoantibodies. Whereas
T cells secondary prevention trials failed, trials in newly diagnosed patients have shown partial success in

preserving C-peptide. These studies target T-cells and inflammation and make use of antigen-specific
immune modulation or stem cell approaches. However, thus far no immune-based therapeutic
regimen has cured type 1 diabetes after its clinical onset or has stabilized the decline of C-peptide to
achieve the status of an approved drug. This review summarizes immune intervention trials and the
current knowledge of DiaPep277® peptide as a form of immune intervention in type 1 diabetes.
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1. Introduction

Type 1 diabetes accounts for about 10% of all diabetes,
affecting approximately 1.4 million people in the U.S., and
10-20 million globally [1,2]. About 40% of persons with type 1
diabetes develop the disease before 20 years of age, thus
making it one of the most common severe chronic diseases of
childhood [2]. In adulthood, about 10% of patients have type 1
diabetes or LADA (latent autoimmune diabetes of the adult),
which is clinical type 2 diabetes with positive islet-reactive
autoantibodies [3]. T cells and cellular immune reactivity play
acrucial role in p-cell destruction leading to insulin deficiency
and the necessity to treat these patients lifelong with insulin.
p-Cell loss starts without symptoms at an unknown time
before clinical onset and continues thereafter.

Worldwide, the incidence of type 1 diabetes varies. For
example the incidence in subjects under 15 years is <0.1 per
100,000 per year in China, rising to 40 per 100,000 per year in
Finland [4]. In recent decades the incidence in Finland and
Germany has risen, increasing yearly by 5% with a predom-
inance in small children [5]. As this rapid development cannot
be explained by genetic factors, environmental changes are
thought to account for the rise in incidence. It is reasonable to
assume that less susceptible genotypes are sufficient to
facilitate the autoimmune process of 3-cell destruction [6].
Modified diet, hygiene and altered microbiota are discussed as
important potential triggers. However these epidemiological
studies cannot prove causality [7].

2. Treatment of type 1 diabetes with insulin

For more than 90 years insulin has been the only medication
available to efficiently treat and save subjects suffering from
type 1 diabetes. Data from the Diabetes Control and Complica-
tion study (DCCT) in the 1980s established that good glycemic
control, often achieved by intensified insulin treatment as a
golden standard, not only prevents acute symptoms but also
reduces the occurrence of diabetes-associated complications
resulting from microangiopathy (nephropathy, retinopathy,
neuropathy) and macroangiopathy (coronary disease, stroke,
peripheral arterial disease).

Data from the DCCT also showed that increased or stabilized
C-peptide as a marker of endogenous insulin secretion in type 1
diabetes is associated with fewer diabetes-associated compli-
cations including hypoglycemia, thereby indicating that preser-
vation of C-peptide, even if minor, is of benefit for the patient

with type 1 diabetes [8]. Similarly, good glycemic control when
achieved after diabetes onset can preserve endogenous insulin
secretion and should be a goal of treatment in newly diagnosed
patients with type 1 diabetes. Patients with hypoglycemic
unawareness often have no residual C-peptide and benefit from
islet transplantation, which can reduce insulin requirements but
also markedly improve hypoglycemic awareness [9]. Because of
these observations, it would be desirable to preserve or improve
endogenous insulin secretion measured by C-peptide in patients
with type 1 diabetes, when they are in need of continuing
exogenous insulin treatment [10].

3. Prevention of B-cell loss in prediabetic islet
antibody-positive subjects

Secondary prevention trials are performed in subjects who are
islet antibody positive and are therefore at increased risk of
developing type 1 diabetes. These studies require large-scale
screening, as antibody-positive subjects are rarely found in
the general population. Accordingly most of these studies
screen and recruit first-degree relatives of type 1 diabetes
patients. Still, several thousand to ten thousand subjects need
to be screened before sufficient subjects could be enrolled for
secondary prevention trials.

The diabetes prevention trial (DPT-1) performed in the US in
the 1990s aimed at halting progressive {3-cell failure before the
onset of clinical diabetes by injecting insulin. This trial failed for
reasons not well understood, perhaps a lack in the optimal route
of insulin administration, dose or timing [11]. However, the oral
insulin arm of the DPT-1 showed promising results, namely an
increase in insulin secretory capacity especially in the subgroup
of insulin autoantibody-positive (mIAA) subjects [12].

Studies with intra-nasally administered insulin in subjects
genetically at risk who converted to being antibody positive
failed too [13]. Nevertheless, the latter study with intrana-
sal insulin lispro is now being repeated with higher dosing
and studies such as PrePoint and Point using oral insulin
treatment in subjects at increased risk of diabetes are
underway [14]. Other secondary intervention trials, such as
ENDIT performed in Europe, treated pre-diabetic islet antibody
positive patients with nicotinamide also failed to delay or
prevent onset of type 1 diabetes [15].

Although it is reasonable to believe that secondary
prevention should be easier to achieve than tertiary preven-
tion as there are more intact p-cells left, the mild therapeutic
regimens used thus far have failed to halt 3-cell deterioration.
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Indeed, there is a reluctance to try more aggressive treatment
as potential side effects are unacceptable in apparently
healthy, non-diabetic subjects who are often at a young age.

4. Immune intervention studies in
type 1 diabetes

The primary goal of these studies is preservation of C-peptide,
as a measure of arrest or decrease in continuing p-cell
destruction, or in the best case, improvement of C-peptide
as a sign of recovered p-cell function. C-peptide can be
measured from fasting blood samples or upon stimulation with
either glucagon 1 mg intravenously or a standardized mixed
meal test (MMTT) [16]. Although improved p-cell function
should be associated with improved glycemic control as
measured by glycated hemoglobin (HbA1c) and lower insulin
requirements, it is recommended not to use HbA1c alone as
a primary readout for such trials. A high glucose concentration
is in itself toxic to p-cells and hyperglycemia should be
minimized; therefore patients should be treated with insulin
to optimally protect them from glucotoxicity in the placebo as
well as in the test treatment arms.

Most tertiary prevention trials have been performed in
newly diagnosed type 1 diabetes patients diagnosed within
3-6 months after detection of hyperglycemia. The major
advantages of treating diagnosed patients are that such
patients are easy to identify and they are clearly in need of
treatment. However, the success of these trials is limited
since p-cell function has already decreased to a much
greater extent than found in pre-diabetic, normoglycemic
subjects.

Several different approaches have been tried to halt p-cell
destruction. They can be grouped into anti-inflammatory,
immune-cell directed and antigen-specific approaches [17].
All of them have shown promising results in preclinical studies
such as the non-obese diabetic (NOD) mouse or other animal
models.

4.1. Anti-inflammatory and cytokine
inhibition approaches

Since pB-cell destruction results from an inflammatory process
and pro-inflammatory cytokines such as TNF-a or IL-1 are
cytotoxic to p-cells, blockade of inflammation seems to be
a logical treatment option to counteract this process. In
one small study, 18 children (age 3-18 years, with diabetes
diagnosed less than 5 weeks earlier) were treated with
anti-TNF-a antibodies (Etanercept) or placebo over 24 weeks
[18]. Indeed, C-peptide secretion could be stabilized with
Etanercept, and HbA1c was improved in the verum treated
patients. Although at first sight this seems beneficial,
HbA1c differences in placebo compared to treatment are
associated with different degrees of glucotoxicity making it
difficult to judge whether the improved C-peptide resulted
from arrest of immune-mediated destruction or primarily
from improved glucose control. Confirmatory studies at a
larger scale are required given these results and the small
study size.

In another study, recent onset (less than 6 weeks) type 1
diabetes patients (age 3-25 years) were treated orally for

one year with recombinant IFN-a (5000 or 30,000 units daily).
The results showed a slower decrease in the treatment group
(5000 units) than in the placebo group or in the treatment
group receiving 30,000 units [19].

In a third study, 89 adult type 1 diabetes patients
(age 18-39, diabetes duration <3 months) were treated
with atorvastatin compared to placebo [20]. Atorvastatin
is known for its therapeutic effects on cholesterol and
for its anti-inflammatory properties [21]. After 12 months of
treatment both treatment arms showed a decline in
C-peptide. In the atorvastatin group, however, C-peptide
thereafter was stabilized whereas a further decline was
observed in the placebo group. Interestingly, the subgroup
defined by high (above median) baseline C-reactive protein
(CRP) concentrations exhibited higher stimulated C-peptide
secretion after statin treatment compared to placebo, and
individual baseline CRP levels correlated with C-peptide
outcome in the statin group [22]. Currently a study is testing
atorvastatin in the pediatric age group (ClinicalTrials.gov
identifier: NCT00529191).

Given the beneficial effects of IL-1 receptor antagonist
(IL-1RA, Anakinra, Kineret) in the treatment of patients with
type 2 diabetes [23] or with rheumatoid arthritis, IL-1
blockade with IL1RA might also benefit type 1 diabetes
patients. This idea was supported: IL-1 is cytotoxic to 3 cells
in vitro, and systemic IL-1RA in peripheral blood samples is
positively associated with p-cell function and remission in
recent onset type 1 diabetes [24,25]. Two multicenter studies
tried this approach in children and adults with newly diagnosed
type 1 diabetes [26]. Unfortunately in neither age group was
amelioration of C-peptide loss achieved with blockade of IL-1;
the reasons might have been suboptimal dosing regimens or
timing.

4.2. Immune cell directed approaches

4.2.1. T-cell targeted therapy

As CD3-expressing T-cells are considered major players in
-cell destruction, treatment with anti-CD3 looked promising
through several studies in human subjects. Trials with the
anti-CD3 antibodies Teplizumab and Otelixizumab showed
that endogenous C-peptide could be stabilized. In addition,
they showed reduced insulin requirements despite similarly
good HbA1c [27,28]. Especially with Otelixizumab side effects
were considerable showing flu-like symptoms, rash, and
reactivation of latent EBV infection. Still, patients treated
with Otelixizumab for 8 days intravenously at a relatively high
dose maintained their improved p-cell function for at least
4 years.

In view of the undesirable side effects induced by the
previously tested doses, a subsequent phase 3 study DEFEND-2
applied a dose of 1/16th and the side effects almost vanished
but the stabilization of C-peptide also disappeared.

When Teplizumab was tested in phase 3 studies (Protégé
study), the primary endpoints chosen, HbA1c and insulin
requirement, were not improved compared to placebo and
the study was defined to be unsuccessful on this basis [29].
Although formally correct, HbA1c is not an ideal surrogate in
studies where glucotoxicity is involved. C-peptide meta-analysis
data of this study showed a benefit from Teplizumab treatment
and a recent phase Il study in patients (age 8—30 years) with
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type 1 diabetes diagnosis for 4-12 months showed preservation
of p-cell function and the rates of p-cell loss were reduced
significantly compared to placebo [30].

4.2.2. B-cell directed therapy

In human type 1 diabetes, islet-directed antibodies secreted
by B-cells accompany islet-cell destruction and are used as a
gold standard to estimate the risk of developing type 1
diabetes or to confirm the diagnosis of type 1 diabetes. A
single case study, however, showed that a patient with a
B-cell deficiency could still develop type 1 diabetes [31].
Therefore, B cells have been considered to be not as
important as T cells in the pathogenesis of type 1 diabetes.
Surprisingly, a study with Rituximab, directed against B cells in
patients (n =87, age 8-40 years) showed transient stabilization
of C-peptide when compared to placebo. Similar to some
studies reported above, the difference of HbA1c in placebo
and treated patients makes it difficult to interpret these
interesting data [32].

4.2.3. Antigen specific therapy

Islet antigen-reactive T cells play a major role in p-cell
destruction and islet-antigen specific therapy has been
successfully performed in animal models. Depending on the
form of application (oral, intravenous, subcutaneous, intra-
muscular) and the addition of adjuvants, autoimmune diabetes
can either be accelerated or ameliorated. In type 1 diabetes
GADé65 and proinsulin are major targets of the adaptive immune
response.

Antigen-specific therapy with GAD, 20 pug administered
subcutaneously two times after diabetes diagnosis led to
stabilized C-peptide levels in patients with type 1 diabetes
[33]. Thirty months thereafter, improved C-peptide concen-
trations were still seen in verum treated patients. However,
a multicentric phase Il study in patients failed to reproduce
these promising results [34] and it remains to be seen which
subgroups could benefit from such a treatment.

Another promising study has been performed with the
proinsulin plasmid BHT-3021 [35]. DNA plasmid encoding
proinsulin or placebo was given weekly for 12 weeks intra-
muscularly to patients diagnosed with type 1 diabetes within
the past 5 years (age above 18 years). The study demonstrat-
ed that this treatment reduced the frequency of CD8(+) T cells
reactive to proinsulin while preserving C-peptide over the
course of dosing without serious side effects [35].

5. DiaPep277® treatment of recent-onset T1D:
a novel physiological therapy

DiaPep277® is a 24-amino acid peptide derived from the
437-460 sequence of the human 60 kD heat shock protein
(HSP60). The peptide was first discovered to arrest the
progression of p-cell destruction in NOD mice [36] and was
effective in mice even in tertiary prevention after clinical
onset [37]. Subsequent research has shown that, the HSP60
parent molecule and its DiaPep277® fragment both function
in a regulatory network intrinsic to the immune system [38].
Immune responsiveness to HSP60 and its peptide epitopes is
present in healthy humans from birth: human cord blood
contains a high frequency of antibodies and T cells reactive
to HSP60 epitopes [39,40] suggesting that responsiveness to

DiaPep277® is built into the immune system. In line with
these observations, natural antibodies to HSP60 and to
DiaPep277® have been detected in NOD mice that resist
T1D, even when they have not been treated with exogenous
DiaPep277® or HSP60 [41,42]. Thus, effective treatments of
autoimmune diabetes in mouse models that are not based on
HSP60 therapy also appear to activate p277 antibodies.
DiaPep277® treatment also arrests autoimmune diabetes
induced by low-dose streptozotocin in otherwise normal
mice [43].

The phenotype of immune modulation in T1D by DiaPep277®
appears to be unique in manifesting a limited anatomic
expression: Islet-infiltrating T cells in treated NOD mice lose
their secretion of pro-inflammatory IFNy in response to
mitogenic anti-CD3 activation. However IFNy is secreted in
response to mitogenic stimulation in the spleens of these same
mice [44]. Thus, the anti-inflammatory effects of DiaPep277®
treatment appear to be limited to the site of the autoimmune
process.

The immune modulation induced by DiaPep277® treatment
appears to discriminate between diabetes-associated autoim-
munity and immunity to foreign antigens: DiaPep277® therapy
induces down-regulation of Th1 effector autoimmunity and
activates a Th2 cytokine switch in T cells responding to insulin,
to GAD and to whole HSP60, as well as to DiaPep277®. Th1
effector T cell immunity to bacterial antigens and other
recall antigens is not affected and remains intact (for mice
see: [45]; for a human phase 2 trial see [46]). Thus, the
cytokine switch induced by DiaPep277® treatment spreads
to cover a range a self-antigens targeted in 3-cell destruction,
but does not cross the lines to affect immune responses to
foreign antigens.

The unique immune regulatory effects of DiaPep277®
can be attributed to the finding that the peptide is a
ligand for the innate TLR-2 receptor on Tregs and other T
cells, as well as an antigen for antigen receptors on T cells
and B cells [47,48]. The parent HSP60 molecule too is both
an antigen for T and B cells and an innate ligand for TLR-4
on macrophages, dendritic cells and B cells and for TLR-2
on T cells. Note however, that the whole HSP60 molecule
can induce either pro-inflammatory or anti-inflammatory
modulation depending on the concentration of HSP60 and
the cells it interacts with. However, the p277 peptide that
forms DiaPep277® has only anti-inflammatory influences.
The effects of p277 as an enhancer of Tregs are an especially
important in DiaPep277® treatment [47]. The p277 peptide
also modulates T-cell homing to inflammatory sites [48] and
induces the Th2 transcription factor SOCS3.

We hypothesize that the integration of these various
interactions of DiaPep277® within the immune system
ultimately leads to arrest of the diabetogenic destruction of
p-cells. Note, that these effects can be viewed as physiolog-
ical in the sense that the immune system is outfitted with
both adaptive and innate receptors on a variety of immune
system cells poised to sense the concentration of peptide
p277. DiaPep277® treatment is unique in that it communi-
cates, metaphorically, with the immune system in its own
molecular language. This hypothesis, of course, will be
rejected or validated as studies progress. In fact, although
early treatment results with DiaPep277® look promising, we
do not know yet whether continued treatment will have a
beneficial effect on p-cell deterioration in the long term.
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5.1. Human phase Ib and phase Il clinical trials
with DiaPep277®

5.1.1. Safety and tolerability of DiaPep277® treatment
To date more than 250 patients have received repeated
doses of DiaPep277® in clinical phase | and Il trials, and
several hundreds more have received multiple doses of
DiaPep277® in phase lll trials (Table 1). The safety and
tolerability of DiaPep277® have been monitored through
vital signs, ECG, laboratory data and adverse event reports
in children and adults. No drug- or dose-dependent differ-
ences between groups with regard to serious adverse events,
laboratory abnormalities or changes in vital signs have been
reported. The adverse events reported in DiaPep277®
clinical studies were similar in adults with T1D or LADA and
in children or adolescents with T1D also treated with the
placebo.

Across all completed studies, there were no reports of
specific immune system disorders including autoimmune
diseases. The safety profile of DiaPep277®, thus far, is
similar to that of placebo, and no increase in infections or
malignancies was reported. However there was a slight
increase in local reactions after injection using DiaPep277®
versus placebo [49]. As we know, however, any treatment
with the power to help bears the potential to harm; there is
no free lunch, as the saying goes. The cost—benefit ratio will
emerge as clinical use proceeds.

5.1.2. Outcome of phase Il trials with DiaPep277®
treatment (Table 1)

5.1.2.1. Studies in adults. The results of the first small-
size clinical, randomized, double-blind study were pub-
lished in 2001 [46]. Thirty-five patients, aged 16—65 years
who had been diagnosed with type 1 diabetes for less than
6 months were included. Patients were positive for auto-
antibodies to glutamic acid decarboxylase or IA—2A (ICA512) or
had hyperglycemia with ketonuria or were under 25 years
old and manifested residual beta-cell function with a
basal C-peptide concentration of more than 0.1 nmol/Ll.
DiaPep277® was given subcutaneously at study start, after
1 month and after 6 months. C-peptide was evaluated in
response to glucagon stimulation and showed a consecutive
decrease over 10 months in the placebo group and a relative
preservation or increase that was statistically significant in
the DiaPep277® group. At 10 months, stimulated C-peptide
was more than twice as high in the DiaPep277® group than
in the placebo group. Interestingly, this was observed
despite the fact that patients from the placebo group had
started with higher C-peptide levels than those who were
randomized to receive DiaPep277® [46].

A follow-up study was carried on these 35 male patients
for an additional year [50]. After 18 months stimulated
C-peptide concentrations had fallen in the placebo group
but were maintained in the DiaPep277® group (P = 0.0005).
The need for exogenous insulin was higher in the placebo
group than in the DiaPep277® group. Mean HbA1c concen-
trations were similar in both groups. After extension of the
study, patients continuing treatment with DiaPep277® and
those switched from placebo to DiaPep277® manifested a
trend towards a greater preservation of beta-cell function

compared to patients maintained on or switched to placebo.
The authors concluded that periodic treatment of subjects
with DiaPep277® over 2 years was safe and associated
preservation of endogenous insulin secretion up to 18 months
was observed.

Two further trials were performed in adult patients in
Belgium and Hungary. In the Belgium study [51] forty-eight
patients were recruited within 42 months of diagnosis; were
aged 18-45 years; manifested remaining basal C-peptide
concentrations of >0.1 nmol/l; and were positive for islet
autoantibodies (ICA, GAD and/or IA-2-antibody). Patients
were assigned to subcutaneous injections of 0.2, 1.0 or
2.5 mg peptide DiaPep277® (n = 12 per dosage) at entry,
and 1, 6 and 12 months, or four placebo injections (n = 12).
C-peptide levels were measured by the area under the curve
following stimulation with glucagon. The C-peptide decreased
over time in all groups, but the decrease in C-peptide
production was less in treated patients versus placebo, mostly
in the 2.5 mg group. Both the 0.2 mg and the 1.0 mg group
showed less of a decrease than did the placebo group, but
these differences were not statistically significant. All treated
groups combined showed significantly less decrease after
12 months than did the placebo group (P < 0.05). Secondary
endpoints HbA1c and insulin dosage were unaffected.

The second study included 50 young adults from Hungary
(aged 16—45 years) who were diagnosed with type 1 diabetes
for less than 3 months [52]. They were treated subcutane-
ously at four different time points (baseline, 1, 6,
12 months) with 0.2 mg (n=12), 1.0mg (n=12), and
2.5 mg (n = 13) DiaPep277® versus placebo (n = 13) and
followed for 18 months. As in the other studies, these
patients had to be diabetes related autoantibody positive
and manifest C-peptide concentrations above 0.25 nmol/Ll.
Glucagon-stimulated C-peptide served as the readout for
functional p-cell mass. A modest trend towards better
maintenance of p-cell function was observed in the 0.2 mg
and 1.0 mg group, while there was significant loss of
stimulated C-peptide in the placebo and 2.5 mg group. Thus,
the Hungarian study compared to the study from Belgium,
differed in the dosage associated with improved C-peptide.
Secondary endpoints of HbA1c and insulin dosage were not
different between the placebo and treatment groups at
baseline or 18 months compared to placebo.

A meta-analysis pooled patients data from the above
studies and showed that adult patients who benefited the
most from intervention with DiaPep277® were those who
bore low or moderate risk HLA genotypes [53]. The only
subgroup with an increase of C-peptide at 12 months after
diagnosis was the DiaPep277®-treated subgroup with a
low-risk genotype. DiaPep277®-treated adults with a low-
risk genotype manifested significantly higher maximal and AUC
C-peptide versus placebo at 12 months (0.04 + 0.07 vs. —0.28 +
0.09 nmol/l, P < 0.01; and 0.53 + 1.3 vs. —4.59 + 1.5 nmol/l,
P < 0.05, respectively). In patients with moderate-risk geno-
types, the change over the study in the maximal and AUC
C-peptide values after stimulation with glucagon was signifi-
cantly higher in the DiaPep277®-treated versus placebo-
treated patients (P < 0.01 and P < 0.05, respectively) [53].

5.1.3. Studies in LADA/adult autoimmune diabetes
Two additional phase Il studies were carried out in adult
autoimmune diabetes patients aged 30-65 years who were



Table 1  Clinical studies with DiaPep277®.

Subjects/sites Phase Age Inclusion criteria Subjects Dose(s) Dosing regimen Outcome Reference
enrolled
Adult, United 1 18-50s Male. T1D >2 years < 20 years 16 0.1, 0.5 0, 6 months The peptide was found to be safe and In file
Kingdom or 2.5 mg well-tolerated in patient volunteers with
established T1D
Adult, Belgium 2 18-45 T1D > 6 months < 42 months. 48 0.20r1.0 0,1, 6,12 months Good safety data. Better glucagon [60]
Diabetes related autoantibodies. or 2.5 mg stimulation CPT at 12 months in 2.5 mg
Fasting CPT > 0.1 nmol/l DiaPep277 group
than in placebo group
Adult, Hungary 2 16-45 T1D < 3 months. Diabetes 50 0.20r1.0 0,1, 6,12 months Good safety data better glucagon stimulated [52]
related autoantibodies. or 2.5 mg CPT at 18 months in 0.2 mg and 1.0 mg
Fasting CPT > 0.25 nmol/l DiaPep277® groups vs placebo
Adult, Israel 2 16-65 T1D < 6 months. 35 1.0 mg 0, 1, 6, 12 months Good safety data better glucagon [46]
Fasting CPT > 0.1 ng/ml stimulated CPT at 10 months in DiaPep277®
group and maintenance at 18 months
compared to placebo
Pediatric, Israel 2 4-18  T1D, 8 months Fasting 30 1.0 mg 0, 1, 6, 12 months Good safety data. No difference between [50]
C-peptide > 0.1 ng/ml treatment arms
Pediatric, Slovenia 2 4-16  T1D < 3 months. 49 0.2 or 0, 1, 6, 12 months Good safety data. No difference between [52]
Fasting CPT > 0.3 nmol/l 1.0 mg the treatment arms. Some benefit for 1 mg
DiaPep277® group with HLA low risk
LADA, Europe 2 30-50 LADA for 2 months to 5 years. 41 1.0 mg 0, 4, 26, 52, 78 weeks Good safety data. Unpublished [54]
GADA"™€ and fasting 1.0 mg 0,2, 4,6,8,21, 34,48, C-peptide data.
CPT > 0.3 nmol/l 60, 78 weeks
0.2 mg 0,2,4,6,8, 26, 28,
30, 32, 34, 52, 54, 56,
58, 60, 78, 80, 82, 84, 86
LADA, USA 2 30-65 LADA for 2 months to 5 years. 96 1.0 mg 0,1,3,6,9, 12, 15, Good safety data. Unpublished [54]
GADA" "€ and fasting 18 months C-peptide data.
CPT > 0.3 nmol/l
Adult, 46 sites 3 16—45 T1D < 3 months. Diabetes 457 1.0 mg 0,1,3,6,9, 12, 15, Manuscript submitted [62]
related autoantibodies. (3-months 18, 21 months
Fasting CPT > 0.22 nmol/l follow up)
Adult, 100 sites 3 20-45 T1D < 6 months. Diabetes 475 1.0 mg 0,3,6,9, 12, 15, 18, Ongoing-study completion October 2014

related autoantibodies. Fasting
CPT > 0.22 nmol/l

21, 24 months
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positive for antibodies to GAD; such patients have been termed
LADA or SPIDDM patients. One study with 96 patients was
carried out in the US (ClinicalTrials.gov identifier: NCT000
58981); the other recruited 41 subjects in Europe (Italy, UK,
Germany) [54]. In the US study, diabetes duration was more
than 2 months and less than 5 years, and the patients were
controlled by diet and insulin (plus metformin, if needed) prior
to baseline visit. The C-peptide level was 0.30 nmol/l or
greater, or 0.90 ng/ml at the time of the Screen Visit.
Treatment was administered at time 0, 1 and 3 months, and
then every 3 months for a total of 8 administrations. The total
duration of the trial was 24 months (treatment for 18 months
and follow-up for an additional 6 months); the results,
unfortunately, have not yet been published. A brief report
suggests good safety and tolerability to DiaPep277® in the 96
US and 41 European patients treated with 1 mg doses of
DiaPep277® [45,40] and personal communication). However,
p-cell function was not significantly influenced upon treat-
ment with DiaPep277® in either direction in these patients.

5.1.4. Studies in children

Type 1 diabetes is a major problem in children. Two studies
were performed with DiaPep277® in young age groups. A study
performed in Israel included 30 children (19 males) aged
7—-14 years who had been diagnosed with type 1 diabetes
from 53 to 116 days earlier, and manifested basal C-peptide
concentrations above 0.1 nmol/l [55]. The children were
randomized to receive subcutaneous injections of 1 mg
DiaPep277® (15 patients) or 40 mg mannitol (placebo) at
entry and at 1, 6, and 12 months and were followed over
18 months. C-peptide levels similarly decreased over time
in the DiaPep277®- and placebo-treated patients. There
was no significant difference in insulin dose or HbA1c
concentration between the groups at any time point. The
authors concluded that one-year treatment with DiaPep277®
at a dosage of 1 mg is safe for use and well tolerated in
children with recent-onset T1DM. However, it appeared to
have no beneficial effect in preserving beta-cell function or
improving metabolic control.

In another study [52], 49 pediatric patients from Slovenia
(414 years of age) with type 1 diabetes and basal C-peptide
concentrations above 0.2 nmol/l were assigned injections of
0.2 mg (n = 16), 1 mg (n = 17) DiaPep277® or placebo (n = 16)
at entry, 1 month, 6 months, and 12 months. Children were
followed for 18 months. Pediatric patients bearing low-risk
HLA genotypes showed stable C-peptide levels over 13 months
upon treatment with 1 mg DiaPep277®. However, no benefi-
cial treatment effect with DiaPep277® was observed when
analyzing C-peptide data irrespective of HLA. Despite similar
stimulated C-peptide levels at baseline, children exhibited a
more pronounced loss of B-cell function over 18 months than
did adults from the Hungarian study (P = 0.0003). Younger
patients manifest a more accelerated course of p-cell loss than
do adults, and earlier treatments may be required when using
immune modulators such as DiaPep277®; HLA genotype might
also need to be taken into account when designing optimal
dose and dose scheduling.

5.1.5. Phase lll trials

One phase lll trial of DiaPep277® treatment has been
completed and has been submitted for publication, but the
paper has not yet been accepted as of this writing.

In 40 clinical centers in 3 continents, 457 newly diagnosed
type 1 diabetes patients, aged 16—45 years, manifesting
fasting C-peptide >0.22 nmol/l and diabetes-related auto-
antibodies were randomized to receive subcutaneous injec-
tions every three months of 1 mg DiaPep277® or placebo for
two years.

Importantly, the subjects treated with DiaPep277®, as in
the other clinical trials, were not immuno-compromised and
were spared the side effects characteristic of blanket
immunosuppressive treatments. These results suggest that
DiaPep277® treatment at three-monthly intervals could be
continued as long as required. Additional studies will be
needed to determine whether continued treatment is needed
to maintain long-term treatment effects. A second, confirma-
tory phase Il is presently underway.

5.1.6. Immune monitoring of DiaPep277® trials

Type 1 diabetes is an immune mediated disease caused by T
cell-mediated destruction of the pancreatic insulin-producing
beta cells. Detection of such responses is therefore critical
to provide novel biomarkers for T1D ‘immune staging’ to
understand the mechanisms underlying the disease and to
monitor immune intervention studies. While different T cell
assays are being developed for these purposes, it is important
to optimize and standardize methods for processing human
blood samples [56]. Currently there are no widely accepted
and standardized assays available to analyze the function of
autoreactive T cells involved in T1D [57]. Attempts are being
made to validate and standardize preparation of human T
cells, and to test them in proliferation assays or ELISPOT
assays, tetramer analyses on CD4 positive and CD8 positive T
cells are ongoing [58,59]. Immune monitoring in clinical trials
in type 1 diabetes addresses several aspects: 1. the modula-
tion of immune reactivity by treatment, 2. the natural course
of the pathogenesis of type 1 diabetes and 3. safety aspects of
immune interventions that could alter immune responses
towards mitogens or recall antigens. Most immune interven-
tion trials have investigated T-cell responses by proliferation
assays or stimulated cytokine release. In addition, systemic
immune status and cell surface analysis as measured by FACS
and/or tetramers can be used. However, as none of these
measurements have yet been sufficiently standardized, any
results need to be interpreted with care. The heterogeneity of
different assays is considerable, and it is even more complex
to understand the outcome of immune monitoring from
clinical trials.

Immune monitoring has been performed for most of the
trials with DiaPep277®. Raz et al. reported the cytokine
phenotype of the T-cell responses to HSP60 and to peptide
p277 measured in vitro with a quantitative ELISpot assay
[50]. In this assay, peripheral blood T cells were stimulated
by incubation in vitro with the antigen and the numbers of T
cells producing various cytokines were enumerated by
counting spots in a cytokine capture assay. IFNy, a Th1
cytokine, and interleukins 4, 10, and 13, Th2 cytokines, were
measured. T-cell responses were also measured to bacterial
recall antigens Mycobacterium tuberculosis (purified protein
derivative; PPD) and tetanus toxoid [50]. T-cell responses to
human HSP60, peptide p277, and bacterial antigens were
assessed at 10 months of the trial. Patients treated by
placebo showed more IFN+y and less IL-13 in response to HSP60
than to peptide p277. Thus, the whole HSP60 molecule seems



314

N.C. Schloot, I.R. Cohen

to activate more of a Th1 response than does p277 in controls.
Compared with the placebo group, patients randomized to
DiaPep277® treatment produced less IFNy (P = 0.04) and more
IL-10 (P = 0.03) and IL-13 (P = 0.04) in response to HSP60; an
increase seen in IL-4 was not significant (P = 0.14). In response
to p277, DiaPep277®-treated patients produced more IL-10
(P = 0.01) and IL-13 (P = 0.02) than patients on placebo; the
differences in responses to HSP60 and p277 in IL-4 and IFNy
were not significant (P = 0.13 and P = 0.12, respectively). The
induction of antibodies to p277 by DiaPep277® treatment
could not be measured because many of the patients tested
positive for such antibodies even before they received
treatment [50].

Immune monitoring was also performed in the phase Ib/Il
trials done in Belgium, Hungary and Slovenia [60,61]. Huurman
et al. [60] measured immunological efficacy of DiaPep277®
treatment and correlated this with clinical outcome. T-cell
autoimmunity to HSP60, DiaPep277®, glutamic acid decarbox-
ylase and tetanus toxoid (the recall response control) from 48
patients were assayed by proliferation and cytokine secretion
assays (enzyme-linked immunospot) at regular intervals until
18 months after the first injection. All treated patients at
each dosage of peptide demonstrated an altered immune
response to DiaPep277®, while the majority of placebo-
treated patients manifested no change (P = 0.00001), indicat-
ing that an immune response was induced by DiaPep277®
administration. Cytokine production in response to therapy
was dominated by IL-10. IL-10 production before therapy
and decreasing autoantigen-specific T cell proliferation were
associated with p-cell preservation. Third-party control im-
mune responses were unaffected by DiaPep277® therapy. No
potentially adverse immunological side effects were noted [60].

Pfleger et al. applied a very similar protocol to monitor
immune reactivity by ELISPOT and T-cell proliferation [61].
Fifty adults and 49 children (mean age 27.3 and 10.9 years
respectively) from Slovenia and Hungary with recent onset
type 1 diabetes who participated in the placebo-controlled
trial with DiaPep277® were analyzed. ELISPOT assays were
used to measure secretion of IFNy, IL-5, IL-13 and IL-10 by
single peripheral mononuclear cells (PBMC) upon stimulation
with islet antigens GAD65, HSP60, protein—tyrosine—phospha-
tase-like-antigen (plA2) or tetanus toxoid (TT); B-cell function
was evaluated by glucagon stimulated C-peptide. In general,
DiaPep277® as well as placebo treatment were associated
with decreased numbers of islet antigen-reactive cells over
78 weeks in both adults and children, whereas reactivity to the
recall antigen tetanus toxoid was not reduced. In addition,
there was an association between the quality of immune cell
responses and 3-cell function. Overall, increased responses by
IFNy secreting cells were associated with lower -cell function
whereas IL-5, IL-13 and IL-10 cytokine responses were positively
associated with B-cell function in adults and children. However,
the clear shift towards Th2 upon DiaPep277® treatment, which
had been observed in the trials reported by Raz and Huurman,
was not seen [61].

In summary, immune monitoring from clinical trials with
DiaPep277® has supported safety and some data show an
immunological effect upon DiaPep277® treatment resulting
in a shift towards Th2-related cytokine responses considered
protective in the pathogenesis of type 1 diabetes. Results of
immune monitoring of current phase Il trials, which has
been directed mainly to safety, also tend to show a stable

immune status, well in line with safety [62 and manuscript in
preparation NCS].
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