
Combined intervention for the tertiary
prevention of type 1 diabetes

PAST CHALLENGES FOR THE
PREVENTION OF TYPE 1 DIABETES
Type 1 diabetes is considered to be an
autoimmune disease characterized by the
selective destruction of the insulin-pro-
ducing islet b-cells in the pancreas result-
ing from the environmental triggers on
genetically disease-susceptible individu-
als1. The hallmark of autoimmune type 1
diabetes is T cell-mediated destruction of
b-cells, which results from an imbalance
in the activity between disease promoting
autoreactive effector T cells and protec-
tive elements, which is now known as
regulatory T cells (Tregs). Clinical diag-
nosis of type 1 diabetes by hyperglycemia
is made when the residual functional
b-cell mass reaches a critical threshold,
which is usually suggested to be 20–30%
of normal, and insulin therapy is started.
However, the b-cell loss continues even
after the onset of disease until the major-
ity of insulin-producing cells are no
longer functional, resulting in a lifelong
insulin-dependent state. Preserving the
functional b-cell mass after the onset of
diabetes is important to maintain quality
of life for patients with type 1 diabetes
by stable blood control, which leads to
the prevention of acute complications,
such as severe hypoglycemia or diabetic
ketoacidosis and chronic diabetic vascular
complications; that is, retinopathy, neu-
ropathy, nephropathy and atherosclerosis.
Therefore, in order to prevent the pro-

gressive destruction of b-cells in patients
with type 1 diabetes and high-risk indi-
viduals, immune intervention studies
were initiated as early as the late 1970s2.
Prevention of type 1 diabetes is carried

out at three stages: (i) before the develop-
ment of autoimmunity to islet autoanti-
gens (primary prevention); (ii) after the
development of humoral or metabolic
markers of high risk of progression to
diabetes (secondary prevention); and (iii)
in the attempt to maintain residual b-
cells after the onset of diabetes (tertiary
prevention; Figure 1). To date, several
primary prevention trials have been car-
ried out in newborns at high risk for
type 1 diabetes, especially those with
first-degree relatives with high-risk
human leukocyte antigen haplotypes,
including the avoidance of early exposure
to cow’s milk protein (Trial to Reduce
IDDM in the Genetically at Risk), the
complete avoidance of bovine insulin
(Finnish Dietary Intervention Trial for
the Prevention of Type 1 Diabetes), the
delayed introduction of gluten (BABY-
DIET), or the omega-3 fatty acid supple-
mentation with docosahexaenoic acid
(The Nutritional Intervention to Prevent
Type 1 Diabetes). Unfortunately, so far,
none of these trials have shown a benefi-
cial effect on autoimmunity or the devel-
opment of diabetes. The multinational
Trial to Reduce IDDM in the Genetically
at Risk and the Primary Oral Insulin
Trial are currently under way.
Secondary prevention trials are tar-

geted to first-degree relatives of type 1
diabetes patients with anti-islet autoanti-
bodies with additional metabolic testing
by an intravenous glucose tolerance test.
Most of the secondary prevention trials
are based on data from the animal
models for type 1 diabetes, especially the
non-obese diabetic mouse. Notable sec-
ondary prevention trials include the
Deutsche Nicotinamide Intervention
Study and the European Nicotinamide
Diabetes Intervention Trial, which trialed
nicotinamide as a prevention therapy,
the Diabetes Prevention Trial-Type 1

Diabetes using either parenteral or oral
insulin, and the Type 1 Diabetes Predic-
tion and Prevention Project testing intra-
nasal insulin administration.
Currently, the type 1 diabetes TrialNet,

an international study group carrying out
studies of the prevention and early treat-
ment of type 1 diabetes, is carrying out
some secondary prevention trials using
oral insulin, teplizumab (anti-CD3 anti-
body) or abatacept (soluble fusion pro-
tein, which links the extracellular domain
of human cytotoxic T lymphocyte-associ-
ated antigen 4). Other ongoing secondary
prevention studies include the vaccina-
tion of GAD65 with aluminum or pep-
tide derived from heat shock protein 60.
All of those are trials that showed benefi-
cial effects in the tertiary prevention
trials, which can be evaluated within a
much shorter time frame compared with
secondary prevention trials.

NEW APPROACH BY THE
COMBINED INTERVENTION
Prevention trials can be divided into two
main classes. The first concept of altering
autoimmunity is non-antigen-specific
treatment using drug regimens to silence
and/or modulate the immune response.
The second concept of prevention trials
aims to induce antigen-specific tolerance
by antigen-based treatment in order to
induce expansion/activation of Tregs or
anergy/deletion of pathogenic T cells
(effector T cells).
A recently published study by Haller

et al.3 reported that a combination of
low-dose anti-thymocyte globulin (ATG)
and pegylated granulocyte-colony stimu-
lating factor (G-CSF) might preserve b-
cell function in patients with established
type 1 diabetes. ATG is used in organ
transplantation, and preclinical studies
have shown that ATG treatment can
induce disease remission in non-obese

*Corresponding author. Eiji Kawasaki
Tel.: +81-942-38-2222
Fax: +81-942-38-2248
E-mail address: e-kawasaki@tenjinkai.or.jp
Received 27 July 2015; revised 29 July 2015;
accepted 29 July 2015

300 J Diabetes Investig Vol. 7 No. 3 May 2016 ª 2015 The Author. Journal of Diabetes Investigation published by Asian Association for the Study of Diabetes (AASD) and John Wiley & Sons Australia, Ltd
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution
in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

COMMENTARY

http://creativecommons.org/licenses/by-nc-nd/4.0/


diabetic mice. However, the Study of
Thymoglobulin to Arrest Type 1 Dia-
betes (START) trial, a randomized, pla-
cebo-controlled, clinical trial in patients
with recent-onset type 1 diabetes, showed
that over a course of 4 days treatment of
ATG alone did not result in preservation
of b-cell function at 1 year after treat-
ment4. It has been reported that treat-
ment with G-CSF can prevent
spontaneous diabetes and destructive
insulitis in non-obese diabetic mice5. This
phase IIa tertiary prevention trial of
type 1 diabetes by a combination of
ATG and G-CSF showed the mainte-
nance of b-cell function at baseline levels
in 56% of treated patients after 1 year
follow up, whereas in the placebo group
it was in just one of nine patients. Of
note, older age at diagnosis and lower
baseline insulin dose were predictive fac-
tors of responders. As for the adverse
events, cytokine release syndrome and
serum sickness syndrome occurred
during ATG infusion. However, low-dose
ATG administration was able to mini-
mize the adverse events including
infection, and none of subjects developed
primary cytomegalovirus (CMV) or
Epstein–Barr virus infection, or clinical
CMV reactivation.

In the previous tertiary prevention tri-
als, neither ATG nor G-CSF proved ben-
eficial effects when used alone. Although
the START trial, which used a threefold
higher dose of ATG monotherapy
(6.5 mg/kg), induced T cell depletion
with marked reduction of Tregs, low-
dose ATG/G-CSF combination therapy
can preserve Tregs with a reduction of
pathogenic effector T cells, which work
closely together and might lead to the
maintenance of b-cell function. To date,
only a few clinical trials of a combination
therapy have been carried out in the
type 1 diabetes prevention trials, and all
of which failed to show benefit6–8. There-
fore, the results of ATG/G-CSF combina-
tion therapy are very important, even
though the sample size was very small.

FUTURE DIRECTIONS ON THE
TYPE 1 DIABETES PREVENTION
TRIALS
There are several unmet needs addressed
for better prevention trials in human
type 1 diabetes. First, compared with typi-
cal type 1 diabetes prevention studies,
which enrol patients with short duration
(less than 1 year), Haller et al.3 enrolled
patients with duration of 4 months to
2 years. They reported that the efficacy of

ATG/G-CSF combination therapy was
observed in patients with both less than
1-year and greater than 1-year duration.
These results suggest that ATG/G-CSF
combination therapy might have a wider
therapeutic window. Furthermore, the eli-
gible patients in the study by Haller et al.3

were aged 12–45 years (mean 23.5 years),
acute-onset patients with type 1 diabetes
and had a minimum stimulated C-peptide
response of 0.3 ng/mL (0.1 nmol/L)
during a mixed-meal tolerance test, which
is lower than the C-peptide threshold
more commonly used in type 1 diabetes
intervention trials (0.6 ng/mL). Therefore,
it is worth to testing the efficacy of this
combination therapy in child-onset
patients with type 1 diabetes or other
types of diabetes, such as fulminant type 1
diabetes or latent autoimmune diabetes in
adults.
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Figure 1 | Schematic representation of natural history of type 1 diabetes and three stages of
prevention trials. Type 1 diabetes is a multifactorial autoimmune disease, and a strong genetic
component and environmental factors have been implicated in the pathogenesis of type 1
diabetes both as triggers and potentiators of b-cell destruction. Anti-islet autoantibodies develop
after the initiation of islet autoimmunity, and are used as a predictive and diagnostic marker.
Prevention of type 1 diabetes is classified according to their timing relative to clinical onset into
primary prevention (before the development of autoimmunity to islet autoantigens), secondary
prevention (after the development of islet autoimmunity) and tertiary prevention (after the onset
of type 1 diabetes). HLA, human leukocyte antigen.
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