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1. Introduction

According to the American Diabetes Association (http://www.diabetes.org/diabetes-
basics/diabetes-statistics), 2-3 million individuals in the United States have type 1
diabetes and about 1 in every 400 to 600 children and adolescents was affected by the
disease in 2007. Similar to other autoimmune diseases, allergies, and asthma, the
incidence of type 1 diabetes is on the increase at an alarming rate in industrialized
countries for unknown reasons. The disease is immune-mediated and thought to be
caused by a combination of genetic and environmental factors that ultimately leads to loss
of insulin secreting beta cells in pancreatic islets and high levels of blood glucose. High
sugar levels and autoimmunity cause acute complications, such as ketoacidosis, as well as
a wide variety of late complications, for example, atherosclerosis, retinopathy, kidney
failure, neuropathy, and infection. Injection of insulin is a life saving treatment rather than
a cure, and individuals suffering from type 1 diabetes and receiving insulin still show an
unacceptable 15 year reduction in life expectancy and complications of the disease
according to the Juvenile Diabetes Research Foundation (JDRF)
(http:/ /www jdrf.org.uk/page.asp?section=163&sectionTitle=FAQs+about+type+1+diabetes).
The requirement for insulin injection can be alleviated by transplantation of pancreas or
pancreatic islets, but the procedure is limited by the low number of donors, the out lived
usefulness of immunosuppression, and the pre-existing autoimmunity which still cause
~85% of islet transplants to fail 10 years post-transplantation.

The mammalian immune system is the main line of defense to protect from attacks by
infection, cancer, and pathological autoimmunity. Leukocytes normally do not destroy host
tissues or cells because immune cells targeting self-antigens are either deleted in the thymus
and bone marrow, i.e., central tolerance; or they are under the control of regulatory T cells in
peripheral tissues, i.e., peripheral tolerance. However, defects in either of these immune
control systems can result in pathological autoimmunity and large bodies of evidence
indicate that defects in central as well as peripheral tolerance can contribute to type 1
diabetes (Geenen et al., 2010). Type 1 diabetes is an organ-specific autoimmune disease
resulting from the selective destruction of pancreatic insulin secreting beta cells by
autoreactive CD4 and CD8 effector T lymphocytes which normally play an important role in
self-protection by killing infected and tumor cells. On the other hand, CD4 and CD8 T
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lymphocytes also include regulatory cells that control the activity of effector cells, and can
be drawn upon to ameliorate type 1 diabetes. In the past decade, these regulatory cells,
especially CD4 T regulatory cells, have become a major immunotherapeutic target for the
treatment of type 1 diabetes and other autoimmune diseases. In addition, antigen-
presenting cells like dendritic cells, which present protein-derived antigens to T
lymphocytes on their major histocompatibility complex molecules, have also received much
attention not only because they can contribute to disease onset, but also because they can be
used to induce T regulatory cells (Paul, 1999, Nikolic et al., 2009).

In addition to direct cell-to-cell interaction, immune cells modulate immune responses by
secreting small molecular proteins, called cytokines, into their environment. Cytokines
promote the development and differentiation of immune cells with different functions and
therefore play an important role in directing immune responses. Several cytokines have
been used alone and together with other immunotherapeutics for treatment of type 1
diabetes in animal model systems. One of the largest groups of cytokine is the interleukin
group, which consists of more than 30 different proteins with interleukin-1, interleukin-2,
interleukin-4, interleukin-10, and interleukin-15, among others, being potential targets for
treatment. Other cytokines like tumor necrosis factor-alpha can also be used for type 1
diabetes treatment.

Antibodies are another important group of therapeutic molecules that have been
investigated for type 1 diabetes. Antibodies, or immunoglobulins (Ig), are large Y-shaped
proteins produced by B lymphocytes found in blood and other bodily fluids of vertebrates
where their function includes binding to protein antigens and neutralizing pathogens. In the
case of type 1 diabetes, the therapeutic antibodies that have been developed target self-
antigens synthesized by cells that participate in the inflammatory response and cause the
disease.

Under the effect of both genetic and environmental factors, immune cells like CD4 T
lymphocytes and CD8 cytotoxic T lymphocytes infiltrate pancreatic islets resulting in
different levels of insulitis (Figure 1). Insulitis ultimately results in the selective destruction
of pancreatic beta cells as the result of regulatory dysfunction of CD4 T lymphocytes,
and/or of dendritic cells and other cell types.

Fig. 1. Graphic Representation of Mouse Islets with Lymphocyte Infiltration. A. Normal
islet; B. Islet partially infiltrated by lymphocytes; C. Islet fully infiltrated by lymphocytes.

Since there is no cure for clinical type 1 diabetes, novel immunotherapeutic approaches
aimed at preserving and restoring functional endogenous beta cell mass as well as
protecting transplanted islets are needed to rebuild immune tolerance to beta cells and
improve the condition of type 1 diabetic patients. One of the animal models closest to

www.intechopen.com



Immunotherapy for Type 1 Diabetes — Preclinical and Clinical Trials 357

human type 1 diabetes and most often used for studying the disease is the non-obese
diabetic (NOD) female mouse, which is a spontaneous diabetes model that has helped to
dissect the various stages of disease progression in human (Zhang et al., 2008, Ridgway,
2003). A variety of immunotherapies are being investigated in non-obese diabetic mice to
treat type 1 diabetes. They can be divided into four main categories: first, non-antigen-
specific therapies such as antibody therapies targeting effector cells; second, antigen-specific
therapies such as protein and DNA vaccines targeting diabetic autoantigens; third, other
immunotherapies such as bacille Calmette-Guérin (BCG), vitamin D3, and fourth,
combinational therapies which combine antigen specific and non-specific therapies (Figure
2). Bench-to-bedside translation of these different approaches has already identified a
number of promising therapies, which will be the main focus of this chapter. The strong
impetus to develop prophylactic and therapeutic approaches for the disease is reflected by
the activity of organizations like TrialNet (http://www.diabetestrialnet.org/) and the
Immune Tolerance Network (http:/ /www.immunetolerance.org/). TrialNet is an expansion
of the Diabetes Prevention Trial (DPT-1) network, but with an emphasis not only on
diabetes prevention but also on trials to prevent further destruction of islet beta cells in
patients with type 1 diabetes.

2. Antibody therapies

Intervention studies using antibodies for type 1 diabetes in the 1980s demonstrated a
potential for preserving insulin C-peptide level which serves as an indication of insulin
secretion by beta cells. However, they were eventually abandoned due to the adverse side
effect profiles of the agents being used (You et al, 2008). Pilot studies of new
immunosuppressive and immunomodulatory agents with decreased side-effect profiles
have recently shown promise in preserving C-peptide in new-onset type 1 diabetic patients.
Some of these agents are specifically designed monoclonal antibodies targeting immune
effector cells, e.g., anti-CD3, anti-CD20, anti-CD25 (daclizumab), and anti-thymocyte
globulin are being tested in clinical trials for type 1 diabetes. Other antibodies, such as anti-
CD154 (MR1) have been tested in the female non-obese diabetic mouse.

The first anti-CD3 antibody used clinically was a murine monoclonal IgG2 antibody, OKT3,
which was identified while antibodies were investigated as lymphocytic mitogens
(Kaufman & Herold, 2009). CD3 is a protein complex found on the cell surface of T cells and
is involved in transduction of signals originating from the antigen receptor to start a cascade
of events initiating activation of the T cell. The binding between anti-CD3 antibody and CD3
on T cells can inhibit lysis of targets by T cells. Along with potent mitogenic activity, OKT3
was found to be a potent inducer of cytokines, specifically, tumor necrosis factor-alpha,
interleukin-2, and interferon-gamma. Among these induced cytokines, interleukin-2 is
necessary for T regulatory cell proliferation and tumor necrosis factor-alpha and interferon-
gamma are considered as regulatory cytokines. These characteristics made anti-CD3 a
potential therapeutic agent for both transplantation medicine and anti-tumor activity in the
clinic. Unfortunately, the toxic side effects of OKT3 became clear after patients receiving the
drug immediately developed chills, fever, hypotension, and in some cases, dyspnea. The
toxicity was thought to be associated with a cytokine, specifically tumor necrosis factor-
alpha from T cells in response to the drug. This effect was attributed to the anti-CD3
mediated cross-linking of T cells, i.e., the anti-CD3 antibody causing linkage of T cells
bearing CD3 molecules and cells bearing the Fc (fragmental crystallizable region of the
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antibody molecule) receptor. This cross-linking is thought to activate both the T cell and the
Fc receptor-bearing cells, leading to the massive release of cytokines. These toxic side effects
severely limited the clinical application of anti-CD3 to type 1 diabetes.

Pro-diabetic Islet Diabetic Islet

Without Therapy

Antibodies

Therapeutic e
Approaches = Q
" Cells & Cytokines

@
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Q(\_) DNA Vaccines Healthy Islet

:o.:;.' — (
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Fig. 2. Immunotherapies for Type 1 Diabetes. Without immunotherapy (top), pro-diabetic
islets ultimately become diabetic islets after destruction of insulin-secreting beta-cells.
Immunotherapies for type 1 diabetes can protect pro-diabetic islets from further destruction
and permit them to regain function. A variety of immunotherapies, either alone or in
combination, has been shown to stop pathological autoimmunity and protect islets to
ameliorate type 1 diabetes.

To circumvent these problems, new antibodies were engineered to reduced Fc receptor
binding after amino acid substitutions in the Fc portions of the antibody (Kaufman &
Herold, 2009). Although reduced Fc receptor binding was predicted to eliminate T cell
activation and cytokine release, the new anti-CD3 antibodies are still mildly mitogenic, i.e.,
T cell proliferation can be shown in vitro and even mild cytokine release has been observed.
Nevertheless, it is important to note that the new anti-CD3 monoclonal antibodies differ
greatly from OKT3 in their induction of T cell activation in vivo, and that the toxic side
effects have been significantly reduced. In addition, the anti-CD3 antibodies derived from
mouse generally are fully humanized to minimize the potential immunogenicity associated
with heterogenic antibody isotype between mouse and human.

The modified anti-CD3 antibodies have been shown to be as effective as the full-length
molecule but with reduced morbidity (Chatenoud et al., 1994). Using this treatment, 64-80%
of treated diabetic non-obese diabetic mice returned to a euglycemic state without
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glycosuria while none of the non-obese diabetic mice treated with control immunoglobin
recovered. In addition, the new antibodies could also protect transplanted allogeneic
pancreatic islets in diabetic non-obese diabetic mice (Chatenoud et al., 1997). The mice could
still reject allogeneic skingrafts and remain resistant to adoptive transfer of diabetogenic T
cells, suggesting that their immune system was intact and that only beta cell specific
immune responses were affected. However, results indicated that treatment of 4- and 8-
week old mice did not prevent diabetes, but did protect 12-week-old mice, which indicated
that the anti-CD3 was only effective when used after the onset of the disease.

Humanized non-Fc receptor binding anti-CD3 monoclonal antibodies include otelixizumab,
teplizumab, and visilizumab. Teplizumab was shown to preserve C-peptide production up to
five years after a single course of twelve days of treatment of new-onset type 1 diabetic
patients in phase I/II clinical trials (Herold et al., 2009). Insulin is synthesized in the pancreas
firstly as pro-insulin consisting of the A, C, and B peptide moieties. Mature active insulin is
obtained after excision of the C peptide and folding/assembly of the A chain and B chain.
Thus levels of C-peptide can be used as an indication of insulin secretion activity by p-cells.
There may be several therapeutic mechanisms involved: induction of regulatory T cells,
increased proportion of CD8+ T cells, increased expression of Foxp3 in CD8+ T cells, as well as
induction of apoptotic cells. Similarly, otelixizumab could preserve residual beta-cell function
for at least 18 months in patients with recent onset type 1 diabetes who were under treatment
for six consecutive days (Keymeulen et al., 2005). However, anti-CD3 based approaches have
suffered a setback because of the announced suspension of Phase III clinical trials for type 1
diabetes by MacroGenics and Eli Lilly as well as by Tolerx and GlaxoSmithKline due to lack of
efficacy (GEN news, 2010; GSK Press Release, 2011). Previously, ulcerative colitis Phase 11 /111
trials of visilizumab (trade name Nuvion) by PDL BioPharma Inc. had also been stopped due
to inefficacy and poor safety profile (Lawler, 2009), which constitutes another setback.
Anti-CD25 IgGl antibody (daclizumab) is another humanized recombinant monoclonal
antibody which targets T cells. It is approximately 10% murine and 90% human, and
activates T regulatory cells in vivo since the antibody inhibit initial T cell proliferation and
differentiation but not initial activation (Egan et al., 2001). When used with the
immunosuppressants rapamycin and tacrolimus, daclizumab maintains normal islet
function in human recipients of transplanted allogeneic islet grafts. This glucocorticoid-free
regimen appears to be highly beneficial for islet survival and function, as all patients were
insulin independent (Shapiro et al., 2000). Daclizumab has also been used with success in
human pancreas transplantation (Sutherland et al., 2001).

Monoclonal antibodies against CD154, also known as CD40 ligand, have also been used for
treatment of type 1 diabetes. The CD154 protein is primarily synthesized by activated CD4 T
cells, and binds to the CD40 receptor on antigen-presenting cells. CD40 receptor
engagement induces activation through co-stimulation in antigen-presenting cells like
dendritic cells, macrophages and B cells. Anti-CD154 monoclonal antibodies will bind to
CD154 on the surface of CD4 T lymphocytes, and block stimulation of antigen-presenting
cells (Howard & Miller, 2004). The application of anti-CD154 antibodies was shown to
prevent expansion of CD40 expressing T cells, later called T helper 40 cells, which are highly
pathogenic in the non-obese diabetic mouse model and human diabetes (Waid, et al., 2004).
In addition, anti-CD154 monoclonal antibodies induced islet allograft tolerance involving a
dominant mechanism associated with intragraft regulatory cells, and prevented
autoimmune diabetes in non-obese diabetic mice, possibly because it inhibits effector T cells
by expending regulatory T cell (Rigby et al., 2008).
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Anti-thymocyte globulin (ATG) consists of antibodies from horse and rabbit against human
T-lymphocytes. Its administration as intraperitoneal injections of 500 micrograms antibodies
stops new-onset diabetes and induces long-term tolerance in non-obese diabetic mice
(Simon et al., 2008). Treatment was associated with increased frequency and activity of
CD4+CD25* T regulatory cells, as well as altered alteration of dendritic cell profile and
function (Bresson and von Herrath, 2011). However, the treatment was efficacious only
when administered late in the prediabetic phase (12-week of age) or after recent-onset.
Another report showed that the antibodies failed to protect diabetes in a more stringent
virus (RIP-LCMV) induced diabetes model due at least partially to the inability to maintain
or increase a sufficient CD4*CD25* T regulatory cell frequency.

Human clinical trials of anti-thymocyte globulin suggest that short term therapy (9 mg/kg
followed by 3 consecutive doses of 3 mg/kg/day intravenously) in eleven recent onset
patients, i.e., within 4 weeks of diagnosis and with residual post-glucagon C-peptide levels
still over 0.3 nmol/1, contributed to the preservation of residual C-peptide production and
to lower insulin requirements in the first year following diagnosis (Saudek et al, 2004).
Nevertheless, significant adverse effects consisting mainly of transient fever and moderate
symptoms of serum sickness were observed during the first month of treatments. Two other
clinical trials are ongoing, which include a phase II trial to determine whether
thymoglobulin treatment can halt the progression of newly diagnosed type 1 diabetes when
given within 12-weeks of disease diagnosis (Gitelman. 2007); and a phase I/II trial to
determine if giving a combination therapy consisting of Thymoglobulin (anti-thymocyte
globulin) and Neulasta (granulocyte colony-stimulating factor, GCSF) given to established
type 1 diabetes patients is safe and preserves insulin production (Haller, 2010).

Although type 1 diabetes is considered a T cell-mediated disease, recent data have indicated
a role for antigen presentation by B lymphocytes in disease pathogenesis. In fact, anti-CD20
monoclonal antibody treatment of 5-week-old non-obese diabetic female mice reduces B cell
numbers by approximately 95%, decreases insulitis, and prevents diabetes in >60% of mice
(Xiu et al., 2008). Furthermore, anti-CD20 monoclonal antibody treatment of 15-week old
female non-obese diabetic mice significantly delays diabetes onset. A recent clinical trial
delivering a four-dose course of anti-CD20 antibody (rituximab) 3 months after diagnosis of
diabetes onset showed a significant improvement in beta cell function in 23% of patients at 1
year (Pescovitz et al., 2009). No beneficial effects were noted in placebo-treated subjects.
These patients also showed significant improvements in clinical parameters like hemoglobin
Alc level, which is a indicator of average blood glucose level, and decreased insulin use.
After 3 months, however, there was a parallel decline in beta cell function in the drug and
placebo treated subjects.

Clearly, antibody therapies can be effective in controlling diabetes. However, they cannot
always be combined with other therapies in the clinic. For example, clinical trials of the
combined application of daclizumab (anti-CD25) with either intensive insulin therapy or
mycophenolate mofetil reported failure in preserving beta-cell function in clinic (Rother et
al., 2009b; Gottlieb et al., 2010), and the anti-diabetic effects of anti-CD3 are negated by
rapamycin in non-obese diabetic mice (Valle et al.,, 2009). In addition, antibodies act
systemically in a non-specific manner and can interfere with normal immune function. For
example, anti-CD20 and anti-CD3 monoclonal antibodies have caused treatment-related
adverse events in some patients during clinical trials (Pescovitz et al., 2009; Keymeulen et
al., 2005; Herold et al., 2005). The recent announcement by Biogen and Roche that clinical
trials of an anti-CD20 monoclonal antibody for rheumatoid arthritis and systemic lupus had
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to be stopped due to death from opportunistic infection illustrates further the potential risks
of certain monoclonal antibody treatments for autoimmune diseases.

3. Cellular and cytokine therapies

The main sign of pathosis in diabetic pancreatic islets is leukocyte infiltration or insulitis
(Figure 1). Studies of islet-infiltrating cells have yielded clues to new therapeutic approaches
by identifying immune cells and their associated molecules, such as cytokines, to suppress
the disease. Preclinical and clinical trials of cellular therapies and cytokine therapies are
currently ongoing, and will be discussed in this section.

3.1 Cellular therapies

Type 1 diabetes-associated deficiencies have been observed in several immune cell
populations, such as CD4 T cells, CD8 T cells, B cells, dendritic cells, macrophages and NK
cells in both non-obese diabetic mice and humans (Sgouroudis & Piccirillo, 2009; Luczyriski
et al., 2009). Regardless of whether diabetes is the result of increased effector cell activity or
decreased regulatory cell function, the goal of cellular and many other therapies is to
increase the regulatory function of cells like T regulatory lymphocytes and dendritic cells.
Both cell types are important not only for therapeutic purposes, but are also suspected to
play a determining role in the development of diabetes. T regulatory cellular therapies are
currently at the preclinical stage and human T regulatory cell expansion strategies
performed in vitro are under development.

T regulatory cells play a vital role as suppressive cells that regulate and control the effector
arm of the immune system. In the past decade, an overwhelming body of literature has
confirmed that CD4*CD25*FoxP3+ and other T regulatory cells comprise a dominant
mechanism regulating autoimmunity as well as responding to infection and cancer. These
findings are further confirmation that T regulatory cell dysregulation is implicated in
autoimmune disorders like type 1 diabetes. In the non-obese diabetic model system, the
defects of T regulatory cells result in the loss of control of autoaggressive T cells and
diabetes progression (Tang & Bluestone, 2006). In humans, defects in polyclonal regulatory
T cell have also been proposed as a mechanism by which individuals develop type 1
diabetes (Kukreja et al., 2002). Here T regulatory cell numbers decrease in child (age 9.4 +
2.16 years) and adult (age 45.2 + 9.7 years) patients. Another report showed that while the T
regulatory cell numbers remain normal, they are associated with functional deficiency in
adult patients (age 32.3 + 6.8 years) (Lindley et al., 2005). Therefore, control of pathological
autoimmunity through the induction of functional T regulatory cells is a highly promising
approach.

Surprisingly, central tolerance mechanisms associated with regulatory cells are generally
intact in non-obese diabetic mice (Feuerer et al., 2007), and the frequency and function of
single positive CD4*Foxp3* T regulatory cells in the thymus of these animals is comparable
to that of diabetes-resistant C57/BL6 mice (Tritt et al., 2008). The results suggest that a
defect in the regulatory T cell population most likely happens in the peripheral immune
system after a certain age. T regulatory cells are diverse in their phenotype and mechanisms
of function, and as such investigators are developing various types of induced T cell
precursors (e.g. antigen targeting specificities) with a variable degree of regulatory potential.
It is possible to induce and expand islet antigen-specific T regulatory cells in vitro from both
non-obese diabetic mice and humans. T regulatory cells from non-obese diabetic mice could
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be efficiently expanded in vitro using interleukin-2 and beads coated with a recombinant
islet peptide mimic, a MHC class II molecule, and anti-CD28 monoclonal antibody. The
expanded cells expressed normal surface markers like CD4, CD25, Foxp3, CD62L, GITR, and
CTLA-4 in mice; and CD4, CD127, CD25, and FOXP3 in humans. Once activated by the
islet specific antigen, the T regulatory cells could suppress T effectors with other specificities
both in vitro and in vivo. This feature is important for controlling type 1 diabetes in which
numerous self-antigens are targeted by pathogenic effector cells. Importantly, the islet
antigen specific T regulatory cells were more efficient than non-specific polyclonal T
regulatory cells in suppressing autoimmune diabetes (Masteller et al., 2005; Putnam et al.,
2009).

Results from T regulatory cell analysis of type 1 diabetic patients are varied, with either
decreased cell frequency, unaltered T regulatory cell frequency with marked decrease in
suppressive activity in vitro, or no difference compared to healthy controls (Kukreja et al.,
2002; Lindley et al., 2005; Putnam et al., 2005). These variable results could be caused by
different factors including different methods of T regulatory cell isolation and purification,
the lack of functional tests for islet specific T regulatory cells in the blood, or simply
different disease etiologies. Furthermore, studies in murine models indicate that T
regulatory cells exert their function within the target organ undergoing autoimmune attack
rather than solely in the lymph node draining sites. Thus, subtle functional differences in the
T regulatory cell pool within sites of inflammation may not be adequately reflected in the
peripheral blood and lymph node compartments, which are the main source of samples for
human clinical data (Sgouroudis et al., 2009). A remaining question is whether changes in T
regulatory cell function are the cause of diabetes onset or the uncontrolled activation and
expansion of diabetogenic T effector cells are the cause of diabetes onset.

Similar to cells in mice, human T regulatory cells can be expanded in vitro. T regulatory cells
from recent onset type 1 diabetic patients were expanded using anti-CD3 and anti-CD28
coated microbeads and interleukin-2 cytokine. Importantly, suppressive function, lineage
markers such as FOXP3, and cytokine productions were similar to the T regulatory cells
from healthy control subjects (Putnam et al., 2009). A phase I clinical trial of CD4+CD127%/-
CD25* polyclonal T regulatory cells expanded using anti-CD3/anti-CD28 beads plus
interleukin-2 started in 2010. The primary purpose of the trial is to assess the safety and
feasibility of intravenous infusion of ex vivo selected and expanded autologous polyclonal
regulatory cells in patients with type 1 diabetes to support dose selection for a future
efficacy trial. The study also aims to assess the effect of T regulatory cells on beta cell
function as well as on other measures of diabetes severity and the autoimmune response
underlying type 1 diabetes (Gitelman & Bluestone, 2010).

In addition to T regulatory cells, dendritic cells can be cultured in vitro for in vivo
applications. Dendritic cells are known as the most potent antigen-presenting cells and play
a vital role in the control of immune homeostasis. Dendritic cells initiate T cell-mediated
immunity and maintain immune tolerance in the periphery through activation of T
regulatory cells and other mechanisms. Dendritic cells are the only professional antigen-
presenting cells, as their main function is to prime naive T cells. They are the exclusive
antigen-presenting cell subset capable of potentiating T regulatory cell proliferative and
suppressive functions both in vitro and in vivo. As such, dendritic cells are at the crossroad of
pathogenesis and therapy of autoimmune diseases like type 1 diabetes. Together with T
regulatory cells, dendritic cells have been a main target for both in vitro and in vivo
approaches to treat type 1 diabetes. The exact mechanism of tolerance induction by dendritic
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cells in diabetes remains to be established, but it likely includes inhibition and killing of
effector T cells and induction of regulatory T cells (Feili-Hariri et al., 2006; Nikolic et al.,
2009).

A dendritic cell clinical phase I safety trial is currently being conducted with type 1 diabetic
patients (Phillips et al., 2009). The proposed studies describe a randomized trial to evaluate
the safety of a new diabetes-suppressive cell vaccine, consisting of autologous monocyte-
derived dendritic cells treated ex vivo with antisense phosphorothioate modified
oligonucleotides targeting the primary transcripts of the dendritic cell co-stimulatory
molecules CD40, CD80, and CD86 (immunoregulatory dendritic cells; iDC). Fifteen patients
exhibiting fully-established, insulin-dependent type 1 diabetics, without any diabetes-
related complications, infectious disease, or other medical anomaly, have been enrolled to
establish safety of the approach. 7/15 patients have been administered autologous control
dendritic cells and 8/15 patents have been administered immunoregulatory dendritic cells.
The study is anticipated to be complete within a twelve month period.

Solely expanding cell population in vitro may not be sufficient as a therapy for an organ
specific autoimmune disease, since it will be a systemic treatment and may be inducing
significant off-target effects, such as general immuno-suppression that will compromise
beneficial immune responses to infections and cancers. In addition, current methodologies
are limited in terms of the capacity to isolate and expand a sufficient quantity of
endogenous antigen specific human cells for therapeutic intervention at low cost. Evena T
regulatory cell induced with antigen specificity possesses bystander suppressive function
(Brusko et al., 2010; Masteller et al., 2005), and the induced antigen specific T regulatory cells
could quickly revert to Foxp3 negative CD4 T cells in a Foxp3 transgenic mouse model
(Koenecke et al., 2009). Therefore, significant improvements may have to be made before
cellular therapies can be safely applied to humans.

3.2 Cytokine therapies

Several immunotherapies for type 1 diabetes have used cytokines and other molecules such
as fusion proteins targeting the costimulatory pathway (http://en.wikipedia.org/wiki/Co-
stimulation). For example, cytokines like interleukin-2 provides vital survival signals to
regulatory cells and can trigger the death of effector T cells, and impede interleukin-15
driven expansion of memory cells. In addition, interleukin-4, tumor necrosis factor-alpha,
interferon-alpha, and lymphotoxin cytokines can exert selective effects upon crucial
lymphocyte subset populations in vivo that may also enable translation into potent
therapies. Preclinical trials and a few clinical trials of cytokine therapies will be addressed in
this section.

Pro-inflammatory cytokines may impair islet viability and function by activating
inflammatory pathways. Interleukin-1 beta is a master inflammatory cytokine that is
synthesized early during inflammation by a wide variety of cells. Interleukin-1 receptor-
deficient non-obese diabetic mice have a reduced development incidence of diabetes
(Thomas et al., 2004). Anakinra, which is a clinically approved recombinant human
interleukin-1 receptor antagonist, can block the effects of interleukin-1 beta on rat islet
cultured in vitro, and inhibits the activation of interleukin-1 beta dependent inflammatory
pathways to protect islets from apoptotic impairment (Schwarznau et al., 2009). In addition,
short term treatment with anakinra resulted in reduced ability of mononuclear cells to traffic
to sites of inflammation in a small group of patients with type 1 diabetes. This suggests that
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mechanistic studies from large scale trials using interleukin-1 blockade in type 1 diabetes
should focus on changes in monocyte trafficking and the interleukin-8 pathway (Sanda et
al., 2010). Moreover, an adenoviral vector encoding interleukin-1 beta receptor antagonist
together with another anti-inflammatory factor, i.e., hepatocyte growth factor, can reduce
apoptosis of transplanted islets, and improve their survival in streptozotocin induced
diabetes leading to lower blood glucose levels, as well as increased serum insulin and C-
peptide levels (Panakanti & Mahato, 2009). Nevertheless, initial clinical data do not suggest
that interleukin-1 blockade alone can prevent or reverse type 1 diabetes (Donath &
Mandrup-Poulsen, 2008).

Interleukin-2 is another significant cytokine which has an important role in promoting T
regulatory cell survival. Defective interleukin-2 or interleukin-2 receptor signaling in CD4 T-
cells of type 1 diabetic subjects contributes to decreased persistence of FOXP3 expression
that may impact establishment of tolerance (d'Hennezel et al., 2010). Therefore, interleukin-
2 could be used as a therapeutic target for the restoration of Foxp3* regulatory T cell
function in organ specific autoimmunity. Indeed, administration of a low dose of
interleukin-2 in prediabetic non-obese diabetic mice results in restoration of CD25
expression, survival of intra islet T regulatory cells and prevention of type 1 diabetes, which
are associated with enhanced synthesis of T regulatory cell associated proteins and
suppression of interferon-gamma (Grinberg-Bleyer et al, 2010). Moreover, a cytolytic
interleukin-2 and Fc fusion protein binding specifically to the interleukin-2 receptor is
capable of suppressing induced diabetes in non-obese diabetic mice (Zheng et al., 1999). Co-
administration of interleukin-2 and rapamycin to 10-week old non-obese diabetic mice
synergistically prevents diabetes development for 13 weeks post therapy. Furthermore, the
treatment could also synergistically protect transplanted syngeneic islet in diabetic non-
obese diabetic mice most likely due to the decreasing numbers of leukocytes, which were
associated with increasing apoptosis of these cells, and a shift from T helper-1 (pathogenic)
to T helper-2 and T helper-3 (protective) lymphocytes (Rabinovitch et al., 2002).

It has been hypothesized that manipulating the levels of interleukin-2 or interleukin-15
available to activated effector and regulatory T cells may provide a means to govern the
balance of cytopathic T cells and regulatory T cells in vivo. Interleukin-15 is a cytokine that
can induce massive apoptosis of recently activated pathogenic cells but not regulatory T
cells. The combined therapy of interleukin-2 and immunoglobin fusion protein, mutated
interleukin-15 and immunoglobin fusion protein plus rapamycin restores euglycemic state
in recent-onset diabetes, and prolongs transplanted syngeneic islet survival in diabetic non-
obese diabetic mice. It also decreases inflammatory gene expression in pancreatic draining
lymph nodes and other tissues (Koulmanda et al., 2007). Based on the results of these
preclinical studies, the Immune Tolerance Network is conducting a trial of interleukin-2 and
rapamycin in a Phase I clinical trial with new onset type 1 diabetic human patients starting
2007 (http:/ /clinicaltrials.gov/ct2/show /NCT00525889).

In addition to interleukin-1, both tumor necrosis factor-alpha and interferon-gamma have a
direct cytotoxic effect on beta cells, and are postulated to be a direct cause of pancreatic islet
beta cell destruction. Nevertheless, tumor necrosis factor-alpha has a more complex role in
diabetes progression, and sometime appears more like a regulating instead of a pathological
molecule. Tumor necrosis factor-alpha may prevent development of insulitis and diabetes,
and even the adoptive transfer of diabetes by lymphocytes into young non-obese diabetic
mice (Jacob et al., 1990). Moreover, neutralization of tumor necrosis factor-alpha accelerated
diabetes in older mice, but prevented disease at a younger age. Tumor necrosis factor-alpha
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or its agonists selectively kill autoreactive CD8, but not CD4 T cells derived from the blood
of human type 1 diabetic patients (Ben et al, 2008). Most recently, a report from a small pilot
trial (Phase I/II) of newly diagnosed pediatric patients found that administration of the
soluble tumor necrotic factor receptor, etanercept, resulted in lower hemoglobin Alc level,
and increased endogenous insulin production, suggesting preservation of beta-cell function
in diabetic patients (Mastrandrea et al., 2009).

Interferon-alpha administered orally to non-obese diabetic mice caused decreased insulitis,
increased mitogen-induced production of interleukin-4, interleukin-10 (T helper-2 like
cytokines), and interferon-gamma secretion in splenocytes. The administered dose was 10
units daily from 9-week old, and suppressed diabetes from 100% diabetic mice in controls
down to 10% in 24-week old mice. In addition, adoptive transfer of thirty million
splenocytes intraperitoneally into 8-week old non-obese diabetic mice suppressed diabetes
(Brod et al., 1998). In Phase I clinical trials of interferon-alpha, 10 newly diagnosed type 1
diabetic patients (ages 10-25, daily or every other day for 1 year) received an oral dose of
30,000 units of the cytokine within 1 month of diagnosis. The treatment induced at least a
30% increase in stimulated C-peptide levels at 0, 3, 6, 9, and 12 months compared to baseline
(Brod et al., 2001). A phase I/II trial of safety and efficacy treated 31 new-onset patients
(ages 3-25, daily for 1 year), and found that patients in the 5,000 units treatment group
maintained increased beta-cell function 1 year after study enrollment compared with
individuals in the placebo group (Rother et al., 2009a). In contrast, the effect was not
observed in the 30,000 units treatment group.

Other cytokines, such as interleukin-4 and interleukin-10, have been reported to suppress
type 1 diabetes at varying levels in animal models when delivered as part of a plasmid or
virus vector (Wolfe et al., 2002; Goudy et al., 2001). Nonetheless, similar to antibodies,
cytokine approaches are also systemic and associated with undesirable side-effects because
of non-specificity in vivo.

4. Protein vaccine immunotherapies

It is now well established that loss of tolerance to beta-cell self-antigens, i.e., autoantigens,
plays a determining role in the pathogenesis of type 1 diabetes. Autoantigens are self-
molecules that become the target of the immune system under non-homeostatic conditions,
which result from the combinations of genetic abnormalities with unknown environmental
factors that ultimately lead to loss of immune tolerance for self-antigens. The autoantigens
associated with type 1 diabetes covered in this chapter are heat shock protein 60, insulin,
and glutamic acid decarboxylase 65, because they are therapeutic targets in ongoing clinical
trials for type 1 diabetes. Nevertheless, there are others autoantigens like tyrosine
phosphatase IA2, which is a target of humoral response in humans similar to insulin and
glutamic acid decarboxylase 65, as well as the islet-specification efflux transporter znT8 and
chromogranin A (Wenzlau et al., 2007; Stadinski et al., 2010), which will not be covered in
this chapter.

The goal of autoantigen delivery as an immunotherapy is to re-establish at least some
degree of immune tolerance activity for a target tissue to suppress pathological
inflammation and ameliorate disease (Ludvigsson, 2009). This is not a new concept as it was
used early in the 20th century to treat allergies to normally harmless foreign antigens
(Krishna & Huissoon, 2011). In recent years, immunoregulatory vaccination, also sometimes
referred to as “negative” or “inverse” vaccination, has become increasingly attractive as an
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immunotherapy principally because of the revival of the suppressor T cell concept, now
named T regulatory cells. We know that T regulatory cells like CD4*CD25*Foxp3+* cells that
are natural, i.e., thymus derived, or adaptive, i.e., induced in the periphery, are fundamental
for immune tolerance because deleterious mutations in the Foxp3 gene causes systemic
autoimmunity in both mice and humans (Mercer & Unutmaz, 2009). Accordingly, it is
anticipated that approaches that modulate T regulatory cells activity will provide the means
to mimic the immune system and finally control inflammation in a tissue specific manner.
Two particularly apparent properties of T regulatory cells raise the hopes that development
of T regulatory cells inducing immunoregulatory vaccines could lead to potent means of
controlling inflammation (Tang & Bluestone, 2008). The first property is by-stander
suppression, which is the capacity of T regulatory cells induced by a specific antigen to
directly suppress effector cells induced by other antigens at the site of inflammation. The
second property is infectious tolerance, which is the ability of a T regulatory cell clone to
induce T regulatory cells of different antigen specificities. Therefore, T regulatory cells are
naturally equipped to amplify in a targeted manner an immunoregulatory response induced
by an immunoregulatory vaccine.

The first immunoregulatory vaccine to be successfully translated to the clinic was a peptide
vaccine. Peptide vaccines are short polymers of amino acids derived from full-length proteins
characterized as autoantigens. They are chosen based on their ability to bind as epitopes to
major histocompatibility complex molecules on antigen-presenting cells. The bound peptide is
then presented to the receptor of a restricted number of T lymphocytes, preferably T
regulatory cells in the case of type 1 diabetes. The advantage of a peptide vaccine compared to
the full-length parent protein is that it can focus the desired immune response by activating
only a small number of T cell clones instead of multiple clones that may not be all relevant. The
disadvantage of a peptide vaccine is that its activity will vary depending on the MHC
molecules synthesized by a given individual. In this case, polypeptide vaccines are more
advantageous because they ensure that all treated patients will present an epitope. Both
peptide and polypeptide vaccines have been used with varying outcomes in type 1 diabetes.

4.1 Heat-shock protein 60 peptide vaccine (Diapep277)

Diapep277 was the first peptide vaccine successfully used in clinical trials for type 1
diabetes. Irun Cohen and colleagues identified peptide p277 derived from heat shock
protein 60 and found that subcutaneous injection of 100 micrograms of the peptide in
incomplete Freund’s adjuvant inhibited the development of spontaneous diabetes in non-
obese diabetic mice (Elias & Cohen, 1995). The main function of eukaryotic heat shock
protein 60 is as a mitochondrial chaperone that assists in protein folding and translocation in
the mitochondrial matrix (Fischer et al., 2010). From an immunological standpoint,
mammalian heat shock proteins like HSP60 can also act as damage associated molecular
patterns that are released or presented by dying cells and can activate antigen-presenting
cells of the innate immune system (Chen et al., 1999). Heat shock proteins activate
macrophages and dendritic cells through Toll-like receptor 4, which belongs to a class of
membrane-bound proteins that act as sensors for immune cell activation, and promote
proinflammatory effector immune responses. Paradoxically, heat shock proteins can also
have T cell mediated anti-inflammatory effects through Toll-like receptor 2, and DiaPep277
peptide functions through a Toll-like receptor 2-mediated mechanism (Eldor et al., 2009).
Heat shock protein 60 has been found to be a possible autoantigen in type 1 diabetic
children and murine models. It is found located on the membranes of the beta cell insulin
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secretary granules in pancreatic islets, and shares significant homology to bacterial heat
shock protein 65. Epitope scanning of heat shock protein 60 with antibodies identified the
peptide Diapep277 with the amino sequence VLGGGVALLRVIPALDSLTPANED as an
immunodominant epitope in type 1 diabetic children (Brudzynski et al., 1992; Horvath et al.,
2002).

As mentioned previously, in contrast with full-length heat shock protein 60, DiaPep277 has no
effect on Toll-like receptor 4 and activates anti-inflammatory effectors through Toll-like
receptor 2. Toll-like receptor 2 promotes cell adhesion, inhibits migration, and modulates
cytokine secretion resulting in a deviation to a T helper-2 cytokine profile that is associated
with a shift from an inflammatory to a regulatory response. Indeed, the peptide inhibits
diabetes by shifting T cell responses from a T helper-1 to a T helper-2 like activity as indicated
by the presence of pep277-specific antibodies of the IgG1, but not of the IgG2a isotype, and
production of interleukin-4 and interleukin-10 in spleens of non-obese diabetic mice (Elias et
al., 1997). The peptide also causes a decrease in the number of interferon-gamma producing
islet T cells, which is concomitant with increased islet numbers and the arrest of type 1
diabetes when administered to 12-week old non-obese diabetic mice (Ablamunits et al., 1998).
Moreover, the peptide induces islet protective T cells that can be adoptively transferred to
protect non-obese diabetic-SCID mice from diabetes (Ablamunits et al., 1999).

Clinical trials of the peptide vaccine DiaPep277 have been ongoing and results have been
reported since 2001. Patients were treated with 0.2, 1, and 2.5 mg doses of the peptide
(Pfleger et al., 2010). The results showed that increased T helper-1 related cytokine responses
(interferon-gamma) were associated with lower beta cell function whereas T helper-2
(interleukin-5, interleukin-13) and T regulatory activity (interleukin-10) related cytokine
responses were positively associated with beta-cell function in adults and children.
DiaPep277 also acts as an inhibitor of human T cells response. The signal transduction
cascade induced by the p277 peptide involves suppression of both cytokine signaling 3
(SOCS3) expression and signal transducer and activator of transcription 3 (STAT3) (Zanin-
Zhorov et al., 2005). This inhibition of T cell mediated inflammation by the peptide is due to
down-regulation of T cell chemotaxis and reduced secretion of proinflammatory cytokines.
A randomized, double blind, phase Ib/II study of DiaPep277 tested its safety and efficacy,
which was undertaken with recent onset type 1 diabetes patients with remaining insulin
production (Huurman et al, 2007). Forty-eight adult patients were administered
subcutaneous injections of 0.2, 1.0 or 2.5 mg DiaPep277 (12 patients per dosage) at entry, 1,
6, and 12 months, or they received four placebo injections (12 patients). C-peptide levels
decreased in all groups with the exception of patients receiving the 2.5 mg dose, and
decreased C-peptide production was attenuated in treated patients versus placebo. The
main conclusion was that the treatment was safe, and may have a beneficial effect on C-
peptide levels over time, although this was not supported by lower hemoglobin Alc levels
as an indicator of diabetic control or daily insulin requirement.

Another phase II trial studies the effects of DiaPep277 in 2 stages (Lazar et al., 2007). In the
first stage, 17 patients received four injections of 1 mg DiaPep277 at months 0, 1, 6, and 12,
and 18-month, and preservation of endogenous insulin secretion was observed up to 18
months. In the second stage, which was only for those who completed stage 1 including
placebo with C-peptide above 0.1 nmol/L, patients continued treatment with DiaPep277 (
six patients, 1 mg DiaPep277 at months 0, 3, 6, and 9), and those switched from placebo to
DiaPep277 (thirteen patients, 1 mg DiaPep277 at months 0, 3, 6, and 9) manifested a trend
towards a greater preservation of beta-cell function compared to five patients maintained on
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and seven patients switched to placebo (Raz et al., 2007). Conversely, a trial with recent
onset diabetic children (7-14 years old) showed no beneficial effect in preserving beta-cell
function or improving metabolic control.

Phase III trials of DiaPep277 are currently ongoing. The first Phase III study has begun in
2005 in 40 centers worldwide (Fischer et al., 2010). The inclusion criteria include type 1
diabetes for less than 3 months, ages 16 - 45, and C-peptide > 0.22 nmol/L. The treatment
regimen includes nine injections of 1 mg DiaPep277 or placebo over 21 months and 3
additional months of follow-up. At the end of recruitment in September 2009, 457 patients
were randomly assigned to one of the groups and results are expected in September 2011.
After an interim analysis, the Independent Data Monitoring Committee (IDMC) concluded
that there were no safety concerns and that the study could be continued without
modification. In addition, there is a clear treatment effect in different sub-group
populations. Two additional phase III trials are ongoing and will end in August and
December of 2013.

Immunological studies of the effects of DiaPep277 in human patients have revealed that the
treatment is immunologically effective, specific and safe, when comparing T cell responses
to specific antigen DiaPep277, related autoantigens heat shock protein 60, glutamic acid
decarboxylase 65, and non-related third party antigen tetanus toxoid, between treatment
and placebo (Huurman et al.,, 2008). Cytokine production in response to therapy was
dominated by interleukin-10, and decreasing autoantigen specific T cell proliferation was
associated with beta cell preservation. The investigators concluded that declining or
temporary T cell proliferation in response to DiaPep277 may serve as an immunological
biomarker for clinical efficacy.

4.2 Insulin peptide vaccines

Insulin is a hormone which is mainly responsible for regulating sugar and fat metabolism in
the body. Insulin permits cells in the liver, muscle, and fat tissue to take up sugar from
blood and store it as glycogen in the liver and muscle. Chronic high blood glucose, or
hyperglycemia, can cause severe complications by damaging and impairing tissues via
molecular mechanisms like protein glycosylation (Aronson, 2008). Since the onset of
diabetes is the result of low levels of and ultimately no insulin secretion from pancreatic
beta cells, injection of the insulin protein has been used as a replacement therapy to treat
diabetes after its beneficial effects were discovered by Canadian scientists Frederick Grant
Banting and Charles Best in 1921.

The current standard means of delivering insulin as replacement therapy is subcutaneous
injection because of its lower cost and ease of self-delivery compared to other methods.
Other routes such as oral administration and intramuscular injection are not chosen because
of loss of insulin function in the digestive tract and rapid dispersion of the hormone,
respectively. These limitations are not a concern when using insulin as a vaccine because
only structural aspects of the molecule are needed, i.e., antigenicity instead of function.
Various clinical trials have been conducted to test whether delivering insulin protein as a
vaccine via different delivery routes can prevent or ameliorate type 1 diabetes. The Diabetes
Prevention Trial network (DPT-1) screened 103,391 healthy individuals who were under 45
years of age, islet antibody positive, and relatives of type 1 diabetic patients. Individuals at
high risk of developing type 1 diabetes, i.e., at least 50% probability of developing type 1
diabetes within 5 years, received insulin both short-term intravenously and long-term
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subcutaneously (Schatz & Bingley 2001). In addition, individuals at moderate risk of
developing type 1 diabetes, i.e., 25-50% probability of developing the disease within 5 years,
received oral delivery of insulin. Results showed that subcutaneous injection of insulin did
not slow type 1 diabetes onset, and that oral insulin did not delay or prevent the disease.
Further studies of a subgroup with higher insulin autoantibody levels indicated that
although oral insulin did not reduce insulin autoantibody levels, there was a possible delay
in diabetic progression for approximately 4.5 years (Skyler et al., 2005, Barker et al., 2007).
Accordingly, larger trials with more participants and similar standards of the oral insulin
study are ongoing (Skyler 2008).

In addition to insulin polypeptide, the B:(9-23) B chain peptide or its altered form contains a
major epitope recognized by the immune system and could delay or prevent diabetes when
administered subcutaneously and intranasally in non-obese diabetic mice (Daniel &
Wegmann, 1996; Kobayashi et al., 2007). A phase I/II clinical trial of insulin B-chain in
incomplete Freund's adjuvant (IBC-VS01), i.e., non-inflammatory, was conducted using a
single intramuscular injection in a small group (12 patients) with recently diagnosed type 1
diabetes (Orban et al., 2010). After two years, the patients developed robust insulin-specific
humoral and T cell responses including insulin B-chain specific CD4 T regulatory cells, but
did not show statistically different levels of C-peptide compared to the control group.
Nevertheless, the results are meaningful because there is a growing body of evidence
suggesting that autoimmunity observed in type 1 diabetes is the result of an imbalance
between autoaggressive and regulatory cell subsets. Therefore, therapeutics that
supplement or enhance the existing regulatory T cell subset could be beneficial.

Over the years, multiple studies have shown that mucosal administrations of insulin orally
and intranasally retard development of autoimmune diabetes in the non-obese diabetic mice
(Bergerot et al., 1994; Harrison et al., 1996). Accordingly, a trial using intranasal delivery of
insulin (Humulin) to 38 children (median age 10.8 years) at risk for type 1 diabetes was
undertaken as part of the Melbourne Pre-Diabetes Family Study in Australia (Harrison et
al., 2004). The results suggested that intranasal insulin induced immune changes consistent
with mucosal tolerance to insulin, and did not accelerate loss of p-cell function. Conversely,
additional trials with 224 infant and 40 sibling relatives with HLA-DQBI1 susceptibility allele
genotypes and two or more autoantibodies at three university hospitals in Finland did not
prevent or delay type 1 diabetes (Ndnto-Salonen et al., 2008).

Altogether, results from these different clinical trials indicate that the pre-clinical success of
insulin as an immunoregulatory vaccine in non-obese diabetic mice has not yet successfully
translated in humans. Interestingly, evidence suggests that insulin may be the initiator
autoantigen in type 1 diabetes, in other words, loss of tolerance to insulin could be the
trigger of the disease (Harrison, 2008). Hypothetically, this loss of tolerance mechanisms for
insulin could explain the difficulty in inducing tolerance in humans using therapeutic
insulin vaccines. On the other hand, insulin may be a target of choice to prevent disease
when mechanisms of tolerance to insulin are still in place in pre-diabetic individuals.

4.3 Glutamic acid decarboxylase 65 protein vaccine

In contrast with clinical trials using insulin polypeptide and peptide vaccines, the first human
trials with glutamic acid decarboxylase 65 autoantigen as a therapeutic vaccine have shown
beneficial therapeutic results (Ludvigsson & Linkoping Diabetes Immune Intervention Study
Group, 2009). Glutamic acid decarboxylase 65 is an enzyme that catalyzes the synthesis of
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gamma-aminobutyric acid (GABA), which acts as a neuroinhibitor as well as an
immunoregulatory molecule. Several observations suggest that glutamic acid decarboxylase 65
may have a critical early role in mediating islet beta cell destruction. Detection of anti glutamic
acid decarboxylase antibodies in the sera of prediabetic patients is a reliable predictive marker
for the progression to overt diabetes, and anti glutamic acid decarboxylase reactivity can be
detected in non-obese diabetic mice very early in the disease process (Ludvigsson & Linkoping
Diabetes Immune Intervention Study Group, 2009; Tisch et al., 1994).

Evidence for a role for the protein in disease etiology came from experiments reporting that
delivery of glutamic acid decarboxylase 65 either intravenously or intrathymically into female
non-obese prediabetic mice can prevent insulitis and diabetes (Kaufman et al., 1993; Tisch et
al., 1993). Additional reports showed that intravenous delivery of glutamic acid decarboxylase
65 once every three days for a total of four injections of 200 micrograms from age 12-week can
prevent diabetes from 70% in controls down to 20% in treated animals at week 35 through
induction of glutamic acid decarboxylase 65 specific CD4 T regulatory cells (Tisch et al., 1998).
Furthermore, injection of glutamic acid decarboxylase 65, but not heat shock protein pep277 or
insulin B-chain, can increase survival of syngeneic islets transplanted into diabetic mice
through modulation of T-helper 1/T-helper 2 balances (Tian et al, 1996).

The first results of phase I/1I clinical trials using subcutaneous delivery of 4, 20, 100, and 500
micrograms of alum-formulated human recombinant glutamic acid decarboxylase 65 to
eight patients with Latent Autoimmune Diabetes in Adults (LADA) were reported in 2005.
Data showed that only the 20 microgram dose could increase both stimulated and fasting C-
peptide levels and T regulatory cells from baseline over the 24-week period. A 5-year follow
up study found that the 20 microgram dose, and to a lesser extent the 4 and 100 microgram
doses, could maintain C-peptide levels compared to the placebo group (Agardh et al., 2005;
Agardh et al., 2009).

In addition, seventy children and adolescents aged 10-18 years with recent onset type 1
diabetes participated in a phase II trial (Ludvigsson et al., 2011). Participants received either
a subcutaneous injection of 20 microgram of the alum formulated glutamic acid
decarboxylase 65, or placebo at baseline and 1 month later. Although there was no statistical
significant differences in fasting C-peptide levels between the glutamic acid decarboxylase
65 and the placebo groups, those patients who were treated within 6 months of diabetes
diagnosis had fasting C-peptide levels that decreased significantly less in the glutamic acid
decarboxylase 65 group after 4 years compared with the placebo group. These results are
significant because they indicate that, in contrast with Diapep277, glutamic acid
decarboxylase vaccination is applicable to diabetic children who represent a large segment
of the population with type 1 diabetes. However, in May 2011 it was reported that a
European Phase III study with the antigen did not meet the primary efficacy endpoint of
preserving beta cell function at 15 months, although a small positive effect was seen.

With regard to immune responses induced by alum-formulated glutamic acid decarboxylase
65 in human, a reduced percentage of IgGl and increased IgG3/IgG4 antibodies were
detected in treated children after 3 months, which suggested a T helper-2 deviation in the
immune system. In addition, levels of IA-2A, IgE and tetanus toxoid antibodies as well as
glutamic acid decarboxylase enzyme activity were unaffected, which suggested specificity
of the treatment (Chéramy et al., 2010; Ortqvist et al., 2010). Importantly, injection of the
glutamic acid decarboxylase 65 protein vaccine enhances the percentage of
CD4+CD25highFOXP3* T regulatory cells, and induces secretion of interleukin-5, interleukin-
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10, and interleukin-13 correlating with the expression of CD4+CD25hishFOXP3* cells 21 to 30
months after treatment in 35 patients aged 10-18 years (Hjorth et al., 2011).

Vaccination with polypeptides/peptides to prevent and treat type 1 diabetes appears to be
well-tolerated and safe in humans; however, the possibility of adverse events cannot be
completely ignored. For example, insulin allergy occurs in less than 1% of diabetic patients
treated with insulin peptide (Zhang et al., 2008). In these patients, different methods have
been used for the treatment of insulin allergy including use of different insulin or insulin
formulations. Allergic reactions range in severity from erythema and pruritus to life-
threatening anaphylaxis. Indeed, vaccines inducing T helper-2 like responses can induce
lethal anaphylaxis in non-obese mice (Overbergh et al., 2003, Pedotti et al., 2003), and may
be less preferable compared to vaccines inducing regulatory cells like Foxp3 and T
regulatory-1 T lymphocytes.

5. DNA vaccine based immunotherapies

DNA vaccines generally consist of bacterial plasmid DNA engineered to synthesize an
antigen and other gene products after injection into a recipient. Compared to
polypeptide/peptide vaccine immunotherapies, DNA vaccines bear several unique
advantages, such as rapid development and standardized production, lower cost of storage,
and synthesis over time of the chosen antigen in its native conformation.

The first DNA vaccines were designed to induce immunogenic responses to pathogens and
cancer but have increasingly been applied to induce immune tolerance for autoimmune
diseases like type 1 diabetes. DNA vaccines and other gene-based vaccines belong to a third
generation of vaccines following live and attenuated whole organism vaccine and
recombinant protein vaccines. Recent reports of beneficial results in different clinical trials
indicate that DNA vaccination is reaching a stage where we are likely to see accelerated
development of a therapeutic future of DNA vaccines for a variety of diseases. In the case of
type 1 diabetes, early results using a DNA vaccine encoding insulin have shown promise in
clinical trials, confirming the notion that DNA vaccines may be particularly well suited for
promoting immune tolerance in humans compared to effects desired for infectious diseases
and cancer. In addition, DNA vaccines encoding heat shock protein 60 or 65 and glutamic
acid decarboxylase 65 have also shown efficacy in mice and are reviewed in this chapter.

5.1 Heat shock protein 60 or 65 DNA vaccines

As mentioned previously, Pep277 derived from mammalian heat shock protein 60 has
shown protective effects in both pre-clinical and clinical trials. With regard to DNA
vaccination, two 100 microgram intramuscular injections of plasmid DNA coding for
mammalian heat shock protein 60 into 4-week old non-obese diabetic mice can prevent
cyclophosphamide accelerated diabetes, i.e., 30% of treated mice develop diabetes compared
with 60% diabetic in vector treated controls (Quintana et al., 2002). Disease prevention is
associated with reduced T cell proliferation, an increase in interleukin-10 and interleukin-5
secretion, and a decrease in interferon-gamma secretion, which suggests a shift from a T
helper-1 like toward a T helper-2 like immune response.

Furthermore, plasmid DNA encoding mycobacterial 65-kDalton heat shock protein caused
decreased insulitis when injected intramuscularly in three doses (100 micrograms each)
administered at 2-week intervals into 6- to 8-week-old, streptozotocin-induced diabetic
C57BL/6 mice (Santos et al., 2009). The treatment was associated with the appearance of a
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regulatory cell population in the spleen, with higher production of interleukin-10 in spleen
and islets, and with a decreased infiltration of CD8 T lymphocytes in the islets. The same
DNA vaccine with the same dose and delivery reduced the occurrence of diabetes from
100% to 33% in 28-week old non-obese diabetic mice when injected at 4-week of age, and
was associated with a reduction in CD4 and CD8 T cells infiltration, appearance of CD25
cells, and increased levels of interleukin-10 in the islets (Santos et al., 2007).

5.2 Insulin DNA vaccines

Insulin-encoding plasmid DNA is the only type of DNA vaccine that has been tested in both
preclinical and clinical trials for type 1 diabetes. The initial report demonstrating feasibility of
this concept used a virus-induced diabetic mouse model system to show that intramuscular
inoculation of plasmid DNA encoding the insulin B chain reduces the incidence of diabetes
(blood glucose > 350 mg/dl) from 100 to 50% (Coon et al., 1999). DNA vaccination induced
CD4 T regulatory cells that reacted with the insulin B chain, secreted interleukin-4, and locally
reduced autoreactive activity of cytotoxic T lymphocytes in the pancreatic draining lymph
nodes. The DNA vaccine also protected non-obese diabetic mice reducing diabetes onset from
80% down to 25% depending on the presence of interleukin-4 (Bot et al, 2001).

Rodent animals synthesize two isoforms of insulin, I in islets and II in both islets and
thymus that are the products of non-allelic genes while humans have only one form of
insulin. The pancreatic beta cells synthesize proinsulin before converting it to functional
insulin (Sizonenko & Halban, 1991). Intranasal delivery of plasmid DNA encoding mouse
proinsulin II (3 50 micrograms doses over a 2-week interval starting at 4 weeks of age)
together with an anti-CD154 antibody (3 doses of 300 microgram over 2-week interval
from 4 weeks of age) prevented type 1 diabetes by reducing the incidence in 40-week old
mice from 100% diabetic animals down to 0%. On the other hand, intranasal delivery of
the DNA vaccine alone did not prevent disease, but did induce regulatory T cells (Every
et al., 2006). In contrast to prototypic CD4+ CD25* T regulatory cells, the CD4 T regulatory
cells induced by the proinsulin DNA vaccine alone were both CD25* and CD25-, and were
not defined by markers such as glucocorticoid-induced TNFR-related protein (GITR),
CD103, or Foxp3.

Another report showed that co-delivery of a DNA vaccine encoding human proinsulin (50
microgram) and insulin peptide (100 microgram) intramuscularly twice over 2-week
intervals starting when the mice were 6 weeks of age prevents diabetes in non-obese
diabetic mice until 24 weeks of age, but not the DNA or peptide vaccine alone (Zhang et al.,
2010). Results also indicated that the induction of transforming growth factor-beta
producing CD4+CD25- islet specific T regulatory cells was observed only in the co-
immunization group, but not in the DNA or the protein vaccine alone group, which
confirmed a synergistic effect.

Among the most promising reports of insulin DNA vaccination is a plasmid DNA vaccine
encoding mouse proinsulin II, which reduces the incidence of diabetes in non-obese
diabetic mice when administered intramuscularly to prediabetic 8-week old mice, and to
diabetic mice older than 12-week old with blood glucose > 170 mg/dL (Solvason et al.,
2008). The efficacy of the vaccine was improved by increasing the level of expression of
insulin, frequency of dosing, dosage, and subcellular localization modification of the
autoantigen to the intracellular compartment instead of secretion. In the prophylactic
setting, the DNA vaccine decreased the incidence of diabetes from 80% in the control
group down to 45% in 25-week old mice receiving weekly administration of 50
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micrograms of the vaccine. The treatment caused increased numbers of interferon-gamma-
secreting cells and a decrease in insulin autoantibodies. In the therapeutic setting, the
DNA vaccine reduced progression to overt diabetes from 100% in the control groups
down to 25% in treated mice (observation made at 25 weeks post treatment initiation).
Treatment consisted of weekly delivery of 50 microgram of the vaccine for a total of 9
injections. The treatment induced increased numbers of insulin-specific interferon-
gamma-producing T cells and levels of interleukin-10, which suggested induction of T
regulatory-1 cells. Adoptive transfer experiments indicated that the protection was not
mediated by induction of CD4+*CD25* T regulatory cells.

Importantly, a similar vaccine was used in the only human trial of a DNA vaccine for
diabetes conducted to date (Gottlieb et al., 2008). The plasmid DNA vaccine (BHT-3021) has
undergone a Phase I/II trial using four doses of plasmid DNA, ie., 03, 1, 3 and 6
milligrams, administered intramuscularly once a week for 12 weeks. The interim results for
the 1 mg dose showed pancreatic beta-cell preservation, demonstrated by a mean 17%
increase in C-peptide levels with BHT-3021 by week 15 after enrollment, whereas placebo
patients experienced a mean 42% decrease in C-peptide. Evidence for immune tolerance was
suggested by a mean 17% reduction in anti-insulin antibodies, and 25% reduction in anti-
glutamic acid decarboxylase 65 antibodies by week 15 after enrollment, whereas placebo
patients experienced a mean 6% and 4% increase, respectively. The most recent report of the
trial claimed that BHT-3021 preserves C-peptide levels for at least six months and one year
in some of the patients from the point of initiation of the therapy (Garren, 2009). These
results together with its favorable side-effects profile appear to be comparable to those
reported with anti-CD3 monoclonal antibody and the glutamic acid decarboxylase 65
protein vaccines for type 1 diabetes.

5.3 Glutamic acid decarboxylase DNA vaccines

DNA vaccines encoding glutamic acid decarboxylase 65 are currently at the preclinical
stage. The first report of a beneficial effect in non-obese diabetic mice showed that plasmid
DNA encoding wild-type intracellular or engineered secreted glutamic acid decarboxylase,
i.e., a fusion of the interleukin-2 signal peptide with a truncated form of human glutamic
acid decarboxylase 65, causes decreased insulitis compared to plasmid vector alone when
delivered intramuscularly, and is accompanied by higher secretion of interleukin-4 by
splenocytes (Liu et al., 1999). A subsequent report indicated that only the DNA vaccine
encoding secreted glutamic acid decarboxylase could suppress cyclophosphamide-
accelerated diabetes in 4-week old female non-obese diabetic mice with a tendency to
increase T helper-2 like activity when 2 x 400 micrograms were delivered intramuscularly
over 2 days (Filippova et al., 2001).

Another report published the same year corroborated the notion that secretion of glutamic
acid decarboxylase encoded by a DNA vaccine is important to ameliorate diabetes in mice
(Weaver et al., 2001). In this report, plasmid DNA was engineered to encode a secreted
fusion protein of a truncated form of glutamic acid decarboxylase 65 and an IgG Fc fragment
as well as interleukin-4. Intramuscular injection of 50 micrograms of the vaccine effectively
prevented diabetes in non-obese diabetic mice treated at early (4-week old, 3 times weekly)
or late (12-week old, 4 times weekly) preclinical stages of diabetes. Diabetic onset reduction
went from 75% in controls down to 25% at week 50+ and from 70% to 20% at week 55+.
Protection was dependent on the vaccine-encoded interleukin-4 and endogenous
interleukin-4, and was associated with induction of glutamic acid decarboxylase 65 specific
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regulatory T helper-2 cells (Tisch et al., 2001). However, when the same vaccination strategy
was applied using insulin, the vaccine encoding insulin B chain/IgG Fc fusion protein and
interleukin-4 caused accelerated progression of insulitis and diabetes, which was correlated
with an increased number of interferon-gamma secreting T cells in response to insulin B
chain specific peptides (Weaver et al., 2001).

In addition, a study reported that a DNA vaccine encoding full-length intracellular human
glutamic acid decarboxylase 65 could prevent spontaneous diabetes when delivered at week
4 or week 10 of age using intramuscular injection of 2 x 50 micrograms in non-obese diabetic
mice (Balasa et al., 2001). Notably, disease prevention was associated with CD28/B7
costimulation because co-expression of B7-1 or B7-2 and glutamic acid decarboxylase 65 by
the same DNA vaccine abrogated protection.

With regard to DNA vaccination and the effects of interleukin-4, a virus-induced murine
diabetes model was used to study the relationship between different endogenous expression
levels of islet autoantigen in beta-cells and the efficacy of DNA vaccination (Wolfe et al.,
2002). Lower expression levels of a model autoantigen in beta-cells support immune
regulation resulting in induction of autosuppressive regulatory cells characterized by
increased interleukin-4 production (T helper-2 like). In contrast, higher levels of the
autoantigen favor T helper-1 like autoaggressive responses characterized by increase
interferon-gamma generation. Immunization with a DNA vaccine coding the autoantigen
and interleukin-4 reduced the risk of augmenting autoaggression and thus increased the
safety margin of this immune-based therapy.

DNA vaccines encoding secreted glutamic acid decarboxylase and anti-inflammatory
interleukins have also been applied to transplantation for type 1 diabetes. Survival of
syngeneic neonatal pancreata transplanted under the kidney capsule of non-obese diabetic
mice is promoted by intramuscular injection of a DNA vaccine encoding the secreted
glutamic acid decarboxylase 65/1gG Fc fusion and interleukin-4 plus interleukin-10 (Seifarth
et al., 2003). The treatment consisted of 50 micrograms of the vaccine delivered weekly for
four weeks from the age of 10 weeks with transplantation performed one week after the
final DNA vaccination. The DNA vaccination protected the syngeneic islet transplanted
mice from 100% diabetic mice in controls down to 20% diabetes incidence in treated animals
at 30 weeks of age, 15 weeks post transplant, but required co-delivery of both interleukin-4
and interleukin-10. Increased islet survival correlated with a marked reduction in interferon-
gamma reactivity that is glutamic acid decarboxylase 65 specific, and an increase in
interleukin-10-secreting T cells. These results made apparent the increased difficulty in
protecting exogenous syngeneic islet compared with endogenous islets, and the need for
more stringent conditions of vaccination in the transplantation setting.

Intramuscular injection has traditionally been used for DNA vaccination because it permits
delivery of larger amounts of DNA, and is commonly used in the clinic. Nonetheless, other
routes of delivery may be more advantageous to induce tolerogenic responses. A report
compared intramuscular, intradermal, and oral delivery of plasmid DNA coding for the
intracellular or secreted form of glutamic acid decarboxylase for prevention of diabetes in a
4-week-old non-obese diabetic mouse model system (Li & Escher, 2003). Results showed
that both intradermal and oral deliveries were more effective than intramuscular delivery
for delaying the disease, and cytokine-specific ELISpot analysis indicated that immune
responses induced by the DNA vaccines were more dependent on the cellular localization of
glutamic acid decarboxylase antigen than on the delivery route. In contrast, ELISA indicated
that intradermal delivery of DNA was most likely to induce a T helper-2 like response.
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In addition to route of delivery, the method used to administer a DNA vaccine can be
beneficial by directly improving immune responses and permitting lower vaccine dosage.
For example, dermal delivery of plasmid DNA using gene gun technology, which consists
in shooting microscopic metal particles covered with the vaccine, can improve protection
from diabetes. In this regard, gene-gun delivery of 1 microgram of a DNA vaccine encoding
the secreted glutamic acid decarboxylase 65/IgG Fc fusion polypeptide into 10-week old
non-obese diabetic mice was compared with intramuscular injection of 50 micrograms of the
same vaccine (Goudy et al., 2008). Results showed that in both cases gene expression peaked
at week 8 post deliveries, and was maintained until at least week 35 with more than 40%
higher expression from the gene-gun delivery. However, only gene-gun delivery could
protect from diabetes with 90% diabetic in controls down to 50% diabetic at 35 weeks of age
that was associated with induction of interleukin-4 secreting CD4 T cells. In contrast,
intradermal gene-gun administration of plasmid-DNA encoding intracellular glutamic acid
decarboxylase 65 to 3-week old non-obese diabetic mice does not suppress diabetes in non-
obese diabetic mice (Joussemet et al., 2005). The different results might be attributed to the
different subcellular localizations of the autoantigen.

So far in this section we have described how DNA vaccines can be engineered to enhance
tolerogenic-like immune responses by co-delivering cytokine-encoding DNA, engineering
subcellular localization of a target autoantigen, and choosing an effective route and method
of delivery. The results obtained by different laboratories illustrate the promising potential
of DNA vaccination as a safe, low-cost and patient-friendly means to treat autoimmune
diabetes and other immune-mediated inflammatory disorders. Yet, as with all
immunotherapies that seek safe means of improving the life of diabetic individuals, there is
a pressing need to improve treatment efficacy. We strongly believe that one of the solutions
to this problem is to mimic how the immune system maintains immune tolerance in
peripheral tissues. DNA vaccination is particularly well-suited to achieve this goal because
of the ability of plasmid DNA to deliver genetic instructions directly in situ for a limited
time span and with low levels of danger signals known to activate proinflammatory
immune responses. Here, we briefly discuss vaccine-induced apoptosis as a possible means
to mimic physiological immune tolerance and to approach the “Holy Grail” of
immunotherapy, namely, the ability to suppress inflammation in a homeostatic manner
(Figure 3).

Apoptosis is a constantly on-going form of cell death that produces fifty to seventy billion
dead cells on a daily basis in the average human adult (Reed, 1999). Upon a given intrinsic
or extrinsic signal, cells initiate the process of apoptosis and become membrane-bound
cellular fragments, or apoptotic bodies, which are rapidly engulfed and processed by
surrounding living cells. For many years it was believed that these apoptotic bodies had
little effect on the immune system. Today, it is becoming increasingly clear that apoptotic
cells play a fundamental role in both establishing and maintaining peripheral immune
tolerance as they not only serve as a source of self-antigens to maintain immune tolerance,
but also recruit antigen-presenting cells, secrete anti-inflammatory cytokines, and display
tolerogenic molecules (Birge and Ucker, 2008). The remarkable capacity of apoptotic cells to
induce either tolerogenic immune responses or immunogenic responses depending on
signals received makes them attractive candidates to intervene in many disorders like
infectious diseases, cancer, and autoimmune diseases.

www.intechopen.com



376 Type 1 Diabetes — Pathogenesis, Genetics and Immunotherapy

DNA Vaccine
Delivery

SKIN e

Plasmid DNA Transfected

: Tissue Cells
GAD-containing o » Secreted GAD
Apoptotic Cells = .-'?.'

e
~
o
o
#
2
7

Naive DC

Regulatory
T Cells

Fig. 3. Possible events following intradermal injection of a pro-apoptotic DNA vaccine
coding for secreted pancreatic autoantigen glutamic acid decarboxylase (GAD). The
plasmid DNA vaccine can transfect a variety of cell types at the chosen site of vaccine
delivery, e.g., fibroblasts and keratinocytes in the case of intradermal injection. Dendritic
cells (DC) recruited by vaccine-induced apoptotic cells can uptake and process GAD-
containing apoptotic cells induced by the vaccine as well as vaccine-encoded secreted GAD,
and present GAD on major histocompatibility complex class I and II molecules. The
dendritic cells then migrate to lymph nodes and spleen where they can induce tolerogenic
immune responses.

An important feature of pro-apoptotic DNA vaccination is that it permits the manipulation
of physiological apoptosis both de novo and in situ. This is important because apoptotic cells
synthesize a variety of immune molecules with levels that are most likely physiologically
relevant in the context of a microenvironment. The concept of immunological
microenvironment is also crucial to immune responses induced by dendritic cells, which are
equipped to sense and act upon changes in their immediate vicinity. Therefore, induction of
apoptosis by DNA vaccination could be a way to have access to homeostasis and maintain
non-responsiveness to self.

The first report of DNA vaccines designed for pro-apoptotic immunoregulation, i.e., anti-
inflammatory, used plasmid DNA coding for the pro-apoptotic BAX protein and intracellular
or secreted glutamic acid decarboxylase, to prevent diabetes in the non-obese diabetic mouse
(Li et al., 2004). Results indicated that intramuscular injection of the BAX cDNA recruited
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dendritic cells carrying vaccine-encoded protein in both spleen and lymph nodes.
Furthermore, delivery of 2 x 150 micrograms plasmid DNA coding for secreted glutamic acid
decarboxylase and BAX at a 3 days interval into 4-week old mice could prevent diabetes, i.e,
reduce the incidence from 93% in controls down to 47% in treated animals. In contrast, the
vaccines coding for BAX or secreted glutamic acid decarboxylase DNA alone or intracellular
glutamic acid decarboxylase and BAX did not prevent diabetes. Notably, ELISA results
indicated that co-delivery of BAX suppressed T helper-2 like activity which indicated that
another cell type was responsible for disease suppression. Indeed, a subsequent report showed
that delivery of both secreted glutamic acid decarboxylase and BAX were required to induce
CD4+CD25*FoxP3+* cells with contact dependent regulatory activity that was independent of
transforming growth factor-beta and interleukin-10 (Li et al., 2006).

Importantly, additional studies revealed that increased CpG methylation of the DNA
vaccine together with delivery of secreted glutamic acid decarboxylase and BAX DNA acted
synergistically to ameliorate recent onset of diabetes in non-obese diabetic mice (Li et al.,
2010). Mice receiving a weekly intradermal injection of 50 micrograms of the vaccine over
eight weeks following early diabetes ameliorated diabetes from 90% diabetic in controls
down to 20% in treated mice at 40 weeks of age. It is hypothesized that increased CpG
methylation of plasmid DNA makes the DNA vaccine appear more mammalian-like to the
immune system, as it is known that bacterial DNA has low levels of CpG methylation that
can act as an inflammatory signal (Krieg, 2002). Taken together these results indicate that
apoptosis-inducing DNA vaccination is a promising approach for treatment of type 1
diabetes.

5.4 Comparing DNA vaccines and polypeptide/peptide vaccines

Compared to polypeptide/peptide vaccine, the main advantages of DNA vaccines are: 1)
known process of manufacturing, i.e,, plasmid DNA can be isolated using a standard
procedure while different polypeptides may require different protocols that have to be
optimized for a specific antigen; 2) Cost-effective shipment and storage because plasmid
DNA does not require refrigeration; 3) A more sustained expression of the antigen in its
native conformation, or shape, instead of a purified antigen that can adopt different non-
native conformations; and 4) Expression of the whole protein rather than specific epitopes in
the case of peptides to ensure delivery of full antigenic signals that can be recognized by
different major histocompatibility complex molecules in an outbred human population.

6. Other immunotherapies

There are currently other ongoing immunotherapies, such as the applications of Bacille
Calmette-Guérin (BCG), Vitamin D3, nicotinamide, immunosuppressants, nanoparticles,
and antisense oligonucleotides, etc., which have certain effects in suppressing type 1
diabetes in non-obese diabetic mice. Bacille Calmette-Guérin is a vaccine that is prepared
from a strain of attenuated live bovine tuberculosis bacillus that has lost its virulence in
human, which has been used as a vaccine to prevent tuberculosis. Although it has shown
efficacy in animal models, clinical trials in recent onset diabetic children have been
disappointing (Elliott et al., 1998; Allen et al., 1999).

Several clinical trials of vitamin D3 have been conducted since the 1990s, and results showed
either temporary effects (Pitocco et al., 2006; Li et al., 2009), or no effects (Walter et al., 2010;
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Bizzarri et al., 2010) on protecting pancreatic beta-cell function in child or adult type 1
diabetic patients.

Nicotinamide is a molecule belonging to the vitamin B group, i.e., vitamin B3, and has anti-
inflammatory effects in vivo. The first report of clinical trials on type 1 diabetes was
published in the mid 1980s (Vague et al., 1987), followed by multiple trials conducted
worldwide with complex results. When using 25 mg/kg or 1.2 g/m?2 body surface/day of
the vitamin B, most of the recent reports showed that nicotinamide has no protective effect
on type 1 diabetes in new-onset patients or high-risk relatives (Pitocco et al., 2006; Skyler,
2008), even though it induces decreased spontaneous and in vitro autoantigen-induced
interferon-gamma secretion in high-risk relatives who develop type 1 diabetes and may play
a role in immune regulation (Hedman et al., 2006). Only one of the reports showed that
nicotinamide treatment results in higher C-peptide values at 3 months and lower insulin
requirement at 1 year in pancreatic interleukin-2 accumulated diabetic patients post 1 year
treatment (Chianelli et al., 2008).

The immunosuppressant cyclosporin A was employed in the first trials showing effects of
immune therapies on T1D. Continuous cyclosporin A treatment initiated soon after
diagnosis eliminated the need for exogenous insulin (Bougneres et al., 1988; Stiller et al.,
1984). Nevertheless, the lack of lasting effects and renal toxicity of the drug diminished
enthusiasm for this approach and other broad-spectrum immune modulating agents such as
azathioprine and prednisone (Bougneres et al., 1990; Silverstein et al., 1988).

The Major Histocompatibility Complex (MHC) genomic region is found in most vertebrates
and encodes protein molecules playing an important role in immunity and recognition of
antigens by T cells. It has been shown that nanoparticles loaded with diabetes relevant
peptide-major histocompatibility complexes prevent and treat diabetes when administered
intravenously in non-obese diabetic mice (Tsai et al., 2010). The treatment prevented
diabetes from 75% in control down to 25% in 30-week-old non-obese diabetic mice (4-week
old mice received 7.5 mg every 2 weeks until the 3rd injection and every 3 weeks thereafter),
and restored normoglycemia in diabetic mice (blood glucose higher than 11 mM mice
received 7.5 mg twice a week for 5 week). The treatment expanded CD8+ regulatory T cells
which suppressed local presentation of autoantigens in an interferon-gamma, indoleamine
2,3-dioxygenase, and perforin dependent manner. Furthermore, adoptive transfer of CD8+
but not CD4+ splenocytes suppressed diabetes and restored normoglycemia in a humanized
diabetic mouse model.

Antisense oligonucleotides are single strands of DNA or RNA that are complementary to
chosen sequences of target messenger RNAs. Antisense DNA oligonucleotides for
messenger RNAs coding for CD40, CD80, and CD86 were delivered subcutaneously into 5-
to 8-week old non-obese diabetic mice using 50 micrograms of a 1:1:1 mixture of each
antisense oligonucleotides administered weekly for eight consecutive weeks (Phillips et al.,
2008). The treatment prevented disease in 25 % of mice compared to 100 % diabetes in
control animals. A similar treatment was given to diabetic mice with blood glucose higher
than 300 mg/dL three times a week maintained blood glucose lower than 200 mg/dl for 50+
days compared to higher than 200 mg/dL in control mice. The treatment decreased CD40,
CD80, and CD86 cell surface expressions on dendritic cells in spleen, and augmented Foxp3+
T regulatory cells numbers with hyporesponsiveness to self-antigen but not to alloantigen.
In addition, spleen T-cells adoptive transfer from treated mice could suppress diabetes,
confirming the induction of regulatory T cell activity.
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7. Combinatorial approaches - the future of immunotherapy?

Combination immunotherapies are increasingly being considered, since none of the
immunotherapies alone have reported thus far long term remission of type 1 diabetes (Li et
al., 2008; Luo et al., 2010; Bluestone et al., 2010). This is especially true in view of the
announcements in 2011 of failure of the anti-CD3 and glutamic acid decarboxylase protein
vaccine therapeutic phase III trials for type 1 diabetic patients. Type 1 diabetes is an
autoimmune disease correlated with multiple autoantigens and autoantibodies, and
possible dysfunction in several cell types and associated cytokines. Therefore it is reasonable
to anticipate a variety of synergistic effects that may be induced by combination therapies,
as demonstrated in animal model systems. For example, a novel combination treatment with
anti-CD3 epsilon specific antibody and intranasal delivery of proinsulin peptide can reverse
recent onset diabetes in non-obese diabetic mice and a virus-induced diabetic mouse model
with much higher efficacy than with monotherapy using anti-CD3 or the peptide alone
(Bresson et al., 2006). Protection is associated with expansion of CD25* Foxp3+ and insulin
specific T regulatory cells producing cytokines, such as interleukin-10, transforming growth
factor-beta, and interleukin-4. In addition, these cells can transfer dominant tolerance to
immunocompetent recent onset diabetic recipients, and suppress heterologous
autoaggressive CD8 T cell responses.

As mentioned previously, another synergistic effect was reported with prime boosting using
DNA vaccine encoding proinsulin plus insulin protein vaccine to prevent new onset diabetes
in non-obese diabetic mice. The induction of the transforming growth factor-beta producing
CD4+CD25- islet specific T regulatory cells against the onset of diabetes was observed only in
the combination therapeutic group, but not in the monotherapy groups (Zhang et al., 2010).
Standard clinical complex therapeutic protocol for controlling allo organ transplant rejection
may be used as an example of combinatorial therapy where various drugs can be used in
combination or alone at different times to increase allograft survival. Single therapy alone
has its limits, ranging from targeting a single arm of the immune process, lower efficacy,
and higher possible adverse effect due to higher dose requirement. Combination therapies
could be used to overcome these problems. The combinations could include antibody or
cytokine therapy combined with polypeptide/peptide and DNA vaccine, DNA vaccination
combined with polypeptide/peptide vaccine and cellular therapy, as well as other
combinations (Figure 4).

Considering the number of approaches that have been developed for the treatment of type 1
diabetes over the years, there is a significant number of possible combinations of different
therapies. Yet we cannot exclude the possibility that platform technologies that provide
access to a wide array of possible gene-based therapeutic enhancements could still perform
satisfactorily on their own at lower cost. Our work with pro-apoptotic DNA vaccination
does indicate that combining different properties of DNA vaccines alone can result in potent
synergistic effects (Li et al., 2010). In addition, different combinations of autoantigens and
vaccine technologies could still yield significant therapeutic improvements in the clinic. For
example, the fact that GAD65 polypeptide appears to be a better therapeutic vaccine than
insulin polypeptide/peptide vaccines combined with the promising results of the DNA
vaccine encoding pro-insulin suggests the possibility that GAD65 might be a better
autoantigen than insulin for therapy of T1D, and that plasmid DNA could improve efficacy
of vaccination compared to an equivalent protein vaccine. Therefore, a DNA vaccine coding
for GADG65 could be particularly beneficial for treatment of T1D.
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Fig. 4. Hypothetic Models of Combinatorial Immunotherapies for Type 1 Diabetes.
Because of their increased safety compared to other approaches, antigen-based vaccines are
the most likely to be applied to type 1 diabetes prevention. Combinatorial approaches for
disease prevention could use prime-boosting with DNA and polypeptide vaccines. A body
of evidence has shown the beneficial effects of this type of approach for infectious diseases
and cancer, and initial results suggest that it is also applicable to type 1 diabetes. Antibodies
like anti-CD3 may not be readily applicable to diabetes prevention for reasons of safety and
efficacy, but could be used as induction therapy followed by prime-boost with

DNA /polypeptide vaccines.

Clearly, the immunotherapeutic tools that have been generated over the past decade offer
renewed hope for type 1 diabetic patients, as well as for the increasing number of
individuals suffering from other chronic inflammatory disorders. We expect that in the near
future, the development of novel therapeutic and preventive approaches, novel methods of
delivery, and a better understanding of immunological mechanisms translated from animal
models to human clinical studies and practices, will render the possibility of
immunotherapy for type 1 diabetes a clinical reality.

8. References

Ablamunits V, Elias D, Cohen IR. (1999). The pathogenicity of islet-infiltrating lymphocytes
in the non-obese diabetic (NOD) mouse. Clinical and experimental immunology.
Vol.115(No.2): 260-7.

Ablamunits V, Elias D, Reshef T, Cohen IR. (1998). Islet T cells secreting IFN-gamma in
NOD mouse diabetes: arrest by p277 peptide treatment. Journal of Autoimmunity.
Vol.11(No.1): 73-81.

www.intechopen.com



Immunotherapy for Type 1 Diabetes — Preclinical and Clinical Trials 381

Agardh CD, Cilio CM, Lethagen A, Lynch K, Leslie RD, Palmér M, Harris RA, Robertson JA,
Lernmark A. (2005). Clinical evidence for the safety of GAD65 immunomodulation
in adult-onset autoimmune diabetes. Journal of diabetes and its complications.
Vol.19(No.4): 238-46.

Agardh CD, Lynch KF, Palmér M, Link K, Lernmark A. (2009). GAD65 vaccination: 5 years
of follow-up in a randomised dose-escalating study in adult-onset autoimmune
diabetes. Diabetologia. Vol.52(No.7): 1363-8.

Allen HF, Klingensmith GJ, Jensen P, Simoes E, Hayward A, Chase HP. (1999). Effect of
Bacillus Calmette-Guerin vaccination on new-onset type 1 diabetes. A randomized
clinical study. Diabetes Care. Vol.22(No.10): 1703-7.

Aronson D. (2008). Hyperglycemia and the pathobiology of diabetic complications. Advances
in Cardiology. Vol.45: 1-16.

Balasa B, Boehm BO, Fortnagel A, Karges W, Van Gunst K, Jung N, Camacho SA, Webb SR,
Sarvetnick N. (2001). Vaccination with glutamic acid decarboxylase plasmid DNA
protects mice from spontaneous autoimmune diabetes and B7/CD28 costimulation
circumvents that protection. Clinical Immunology. Vol.99(No. 2): 241-52.

Ban L, Zhang J, Wang L, Kuhtreiber W, Burger D, Faustman DL. (2008). Selective death of
autoreactive T cells in human diabetes by TNF or TNF receptor 2 agonism.
Proceedings of the National Academy of Sciences of the United States of America.
Vol.105(No.36): 13644-9.

Barker JM, McFann KK, Orban T. (2007). Effect of oral insulin on insulin autoantibody levels
in the Diabetes Prevention Trial Type 1 oral insulin study. Diabetologia.
Vol.50(No.8): 1603-6.

Bergerot I, Fabien N, Baguer V, Thivolet C. (1994) Oral administration of human insulin to
NOD mice generates CD4 T cells that suppress adoptive transfer of diabetes.
Journal of Autoimmunity. Vol.7(No.5): 655-663.

Bizzarri C, Pitocco D, Napoli N, Di Stasio E, Maggi D, Manfrini S, Suraci C, Cavallo MG,
Cappa M, Ghirlanda G, Pozzilli P; IMDIAB Group. (2010). No protective effect of
calcitriol on beta-cell function in recent-onset type 1 diabetes: the IMDIAB XIII trial.
Diabetes Care. Vol.33(No.9): 1962-3.

Bluestone JA, Herold K, Eisenbarth G. (2010). Genetics, pathogenesis and clinical
interventions in type 1 diabetes. Nature. Vol.464(No.7293): 1293-300.

Bot A, Smith D, Bot S, Hughes A, Wolfe T, Wang L, Woods C, von Herrath M. (2001).
Plasmid vaccination with insulin B chain prevents autoimmune diabetes in
nonobese diabetic mice. Journal of immunology. Vol.167(No.5): 2950-5.

Bougneres PF, Carel JC, Castano L, Boitard C, Gardin JP, Landais P, Hors ], Mihatsch M]J,
Paillard M, Chaussain JL, et al. (1988). Factors associated with early remission of
type I diabetes in children treated with cyclosporine. New England Journal of
Medicine. Vol.318(No.11): 663-70.

Bougneres PF, Landais P, Boisson C, Carel JC, Frament N, Boitard C, Chaussain JL, Bach JF.
(1990). Limited duration of remission of insulin dependency in children with recent
overt type I diabetes treated with low-dose cyclosporin. Diabetes. Vol.39(No.10):
1264-72.

Bresson D, Togher L, Rodrigo E, Chen Y, Bluestone JA, Herold KC, and von Herrath M.
(2006). Anti-CD3 and nasal proinsulin combination therapy enhances remission

www.intechopen.com



382 Type 1 Diabetes — Pathogenesis, Genetics and Immunotherapy

from recent-onset autoimmune diabetes by inducing Tregs. Journal of Clinical
Investigation. Vol.116(No.5): 1371-81.

Bresson D, von Herrath MG. (2011). Anti-thymoglobulin (ATG) treatment does not reverse
type 1 diabetes in the acute virally induced rat insulin promoter-lymphocytic
choriomeningitis virus (RIP-LCMV) model. Clinical and Experimental Immunology.
Vol.163(No.3): 375-80.

Birge RB, Ucker DS. (2008). Innate apoptotic immunity: the calming touch of death. Cell
Death and Differentiation. Vol.15(No.7): 1096-102.

Brod SA, Atkinson M, Lavis VR, Brosnan PG, Hardin DS, Orlander PR, Nguyen M, Riley
WJ. (2001). Ingested IFN-alpha preserves residual beta cell function in type 1
diabetes. Journal of Interferon Cytokine Research. Vol.21(No.12): 1021-30.

Brod SA, Malone M, Darcan S, Papolla M, Nelson L. (1998). Ingested interferon alpha
suppresses type I diabetes in non-obese diabetic mice. Diabetologia. Vol.41(No.10):
1227-32.

Brudzynski K, Martinez V, Gupta RS. (1992). Secretory granule autoantigen in insulin-
dependent diabetes mellitus is related to 62 kDa heat-shock protein (hsp60). Journal
of Autoimmunity. Vol.5(No.4): 453-63.

Brusko TM, Koya RC, Zhu S, Lee MR, Putnam AL, McClymont SA, Nishimura MI, Han S,
Chang L], Atkinson MA, Ribas A, Bluestone JA. (2010). Human antigen-specific
regulatory T cells generated by T cell receptor gene transfer. Public Library of Science
one. Vol.5(No.7): e11726.

Chatenoud L, Thervet E, Primo J, Bach JF. (1994). Anti-CD3 antibody induces long-term
remission of overt autoimmunity in nonobese diabetic mice. Proceedings of the
National Academy of Sciences of the United States of America. Vol.91(No.1): 123-7.

Chatenoud L, Primo ], Bach JF. (1997). CD3 antibody-induced dominant self tolerance in
overtly diabetic NOD mice. Journal of immunology. Vol.158(No.6): 2947-54.

Chen W, Syldath U, Bellmann K, Burkart V, Kolb H. (1999). Human 60-kDa heat-shock
protein: a danger signal to the innate immune system. Journal of Immunology.
Vol.162(No.6): 3212-9.

Chéramy M, Skoglund C, Johansson I, Ludvigsson ], Hampe CS, Casas R. (2010). GAD-alum
treatment in patients with type 1 diabetes and the subsequent effect on GADA IgG
subclass distribution, GAD65 enzyme activity and humoral response. Clinical
Immunology. Vol.137(No.1): 31-40.

Chianelli M, Parisella MG, Visalli N, Mather S], D'Alessandria C, Pozzilli P, Signore A;
IMDIAB study group. (2008). Pancreatic scintigraphy with 99mTc-interleukin-2 at
diagnosis of type 1 diabetes and after 1 year of nicotinamide therapy.
Diabetes/Metabolism Research and Reviews. Vol.24(No.2): 115-22.

Coon B, An LL, Whitton JL, von Herrath MG. (1999). DNA immunization to prevent
autoimmune diabetes. Journal of Clinical Investigation. Vol.104(No.2): 189-94.
d'Hennezel E, Kornete M, Piccirillo CA. (2010). IL-2 as a therapeutic target for the
restoration of Foxp3+ regulatory T cell function in organ-specific autoimmunity:
implications in pathophysiology and translation to human disease. Journal of

translational medicine. Vol.8: 113.

Daniel D, Wegmann DR. (1996). Protection of nonobese diabetic mice from diabetes by

intranasal or subcutaneous administration of insulin peptide B-(9-23). Proceedings of

www.intechopen.com



Immunotherapy for Type 1 Diabetes — Preclinical and Clinical Trials 383

the National Academy of Sciences of the United States of America. Vol.93(No.2): 956-
960.

Donath MY, Mandrup-Poulsen T. (2008). The use of interleukin-1-receptor antagonists in the
treatment of diabetes mellitus. Nature Clinical Practice. Endocrinology & Metabolism.
Vol.4(No.5): 240-1.

Egan CA, Brown M, White JD, Yancey KB. (2001). Treatment of epidermolysis bullosa
acquisita with the humanized anti-Tac mAb daclizumab. Clinical Immunology.
Vol.101(No.2): 146-51.

Eldor R, Kassem S, Raz I. (2009). Immune modulation in type 1 diabetes mellitus using
DiaPep277: a short review and wupdate of recent clinical trial results.
Diabetes/Metabolism Research and Reviews. Vol.25(No.4): 316-20.

Elias D, Cohen IR. (1995). Treatment of autoimmune diabetes and insulitis in NOD mice
with heat shock protein 60 peptide p277. Diabetes. Vol.44(No.9): 1132-8.

Elias D, Meilin A, Ablamunits V, Birk OS, Carmi P, Kénen-Waisman S, Cohen IR. (1997).
Hsp60 peptide therapy of NOD mouse diabetes induces a Th2 cytokine burst and
downregulates autoimmunity to various beta-cell antigens. Diabetes. Vol.46(No.5):
758-64.

Elliott JF, Marlin KL, Couch RM. (1998). Effect of bacille Calmette-Guérin vaccination on C-
peptide secretion in children newly diagnosed with IDDM. Diabetes Care.
Vol.21(No.10): 1691-3.

Every AL, Kramer DR, Mannering SI, Lew AM, Harrison LC. (2006). Intranasal vaccination
with proinsulin DNA induces regulatory CD4+ T cells that prevent experimental
autoimmune diabetes. Journal of Immunology. Vol.176(No.8): 4608-15.

Feili-Hariri M, Flores RR, Vasquez AC, Morel PA. (2006). Dendritic cell immunotherapy for
autoimmune diabetes. Immunologic research. Vol.36(No.1-3): 167-73.

Feuerer M, Jiang W, Holler PD, Satpathy A, Campbell C, Bogue M, Mathis D, Benoist C.
(2007). Enhanced thymic selection of FoxP3+ regulatory T cells in the NOD mouse
model of autoimmune diabetes. Proceedings of the National Academy of Sciences of the
USA. Vol.104(No.46):18181-6.

Filippova M, Liu ], Escher A. (2001). Effects of plasmid DNA injection on
cyclophosphamide-accelerated diabetes in NOD mice. DNA and Cell Biology.
Vol.20(No.3): 175-81.

Fischer B, Elias D, Bretzel RG, Linn T. (2010). Immunomodulation with heat shock protein
DiaPep277 to preserve beta cell function in type 1 diabetes - an update. Expert
Opinion on Biological Therapy. Vol.10(No.2): 265-72.

Garren H. (2009). DNA vaccines for autoimmune diseases. Expert Review of Vaccines.
Vol.8(No.9): 1195-203.

Geenen V, Mottet M, Dardenne O, Kermani H, Martens H, Francois JM, Galleni M, Hober D,
Rahmouni S, Moutschen M. (2010). Thymic self-antigens for the design of a
negative/tolerogenic self-vaccination against type 1 diabetes. Current Opinion in
Pharmacology. Vol.10(No.4): 461-72.

GEN News Highlights. (2010). MacroGenics and Lilly ponder future of diabetes mAb after
phase III flop. URL:
http:/ /www.genengnews.com/ gen-news-highlights / macrogenics-and-lilly-
ponder-future-of-diabetes-mab-after-phase-iii-flop /81244098 /

www.intechopen.com



384 Type 1 Diabetes — Pathogenesis, Genetics and Immunotherapy

Gitelman S. (2007). Study of Thymoglobulin to Arrest Newly Diagnosed Type 1 Diabetes
(START). URL:
http:/ /www.clinicaltrials.gov/ct2/show/NCT00515099?term=ATG+type+1+diabe
tes&rank=2

Gitelman S, Bluestone J. (2010). TIDM Immunotherapy Using CD4+CD127lo/-CD25+
Polyclonal Tregs. URL:
http:/ /www.clinicaltrials.gov/ct2/show/NCT01210664?term=NCT01210664&ran
k=1

Gottlieb P, Eisenbarth G, Kipnes M, Ratner R, Rockell J, Wagner R, Solvason N, Tersini K,
Valone F, Woody K, Steinman L, Garren H. (2008). Interim Results of a Phase I/1I
Clinical Trial of a DNA Plasmid Vaccine (BHT-3021) for Type 1 Diabetes. URL:
http:/ /www.bayhilltx.com/abstracts.html

Gottlieb PA, Quinlan S, Krause-Steinrauf H, Greenbaum CJ, Wilson DM, Rodriguez H,
Schatz DA, Moran AM, Lachin JM, Skyler JS; Type 1 Diabetes TrialNet MMF/DZB
Study Group. (2010). Failure to preserve beta-cell function with mycophenolate
mofetil and daclizumab combined therapy in patients with new- onset type 1
diabetes. Diabetes Care. Vol.33(No.4): 826-32.

Goudy K, Song S, Wasserfall C, Zhang YC, Kapturczak M, Muir A, Powers M, Scott-
Jorgensen M, Campbell-Thompson M, Crawford JM, Ellis TM, Flotte TR, Atkinson
MA. (2001). Adeno-associated virus vector-mediated IL-10 gene delivery prevents
type 1 diabetes in NOD mice. Proceedings of the National Academy of Sciences of the
United States of America. Vol.98(No.24): 13913-8.

Goudy KS, Wang B, Tisch R. (2008). Gene gun-mediated DNA vaccination enhances
antigen-specific immunotherapy at a late preclinical stage of type 1 diabetes in
nonobese diabetic mice. Clinincal Immunology. Vol.129(No.1):49-57.

Grinberg-Bleyer Y, Baeyens A, You S, Elhage R, Fourcade G, Gregoire S, Cagn ard N,
Carpentier W, Tang Q, Bluestone J, Chatenoud L, Klatzmann D, Salomon BL,
Piaggio E. (2010). IL-2 reverses established type 1 diabetes in NOD mice by a local
effect on pancreatic regulatory T cells. Journal of Experimental Medicine.
Vol.207(No.9): 1871-8.

GSK Press Release. (2011). GlaxoSmithKline and Tolerx announce phase III DEFEND-1
study of otelixizumab in type 1 diabetes did not meet its primary endpoint. URL:
http:/ /www.gsk.com/media/ pressreleases/2011/2011_pressrelease_10039.htm

Haller M]J. (2010). Reversing Type 1 Diabetes After it is Established. URL:
http:/ /www.clinicaltrials.gov/ct2/show/NCT01106157?term=ATG+type+1+diabe
tes&rank=1

Harrison LC, Dempsey-Collier M, Kramer DR, Takahashi K. (1996). Aerosol insulin induces
regulatory CD8 gamma delta T cells that prevent murine insulin-dependent
diabetes. Journal of Experimental Medicine. Vol.184(No.6): 2167-2174.

Harrison LC, Honeyman MC, Steele CE, Stone NL, Sarugeri E, Bonifacio E, Couper J]J,
Colman PG. (2004). Pancreatic beta-cell function and immune responses to insulin
after administration of intranasal insulin to humans at risk for type 1 diabetes.
Diabetes Care. Vol.27(No.10): 2348-55.

Harrison LC. (2008). Vaccination against self to prevent autoimmune disease: the type 1
diabetes model. Immunology and cell biology. Vol.86(No.2): 139-45.

www.intechopen.com



Immunotherapy for Type 1 Diabetes — Preclinical and Clinical Trials 385

Hedman M, Ludvigsson ], Faresjo MK. (2006). Nicotinamide reduces high secretion of IFN-
gamma in high-risk relatives even though it does not prevent type 1 diabetes.
Journal of Interferon & Cytokine Research. Vol.26(No.4): 207-13.

Herold KC, Gitelman S, Greenbaum C, Puck J, Hagopian W, Gottlieb P, Sayre P, Bianchine
P, Wong E, Seyfert-Margolis V, Bourcier K, Bluestone JA; Immune Tolerance
Network ITNO07AI Study Group. (2009). Treatment of patients with new onset
Type 1 diabetes with a single course of anti-CD3 mAb Teplizumab preserves
insulin production for up to 5 years. Clinical Immunology. Vol.132(No.2): 166-73.

Herold KC, Gitelman SE, Masharani U, Hagopian W, Bisikirska B, Donaldson D, Rother K,
Diamond B, Harlan DM, Bluestone JA. (2005). A single course of anti-CD3
monoclonal antibody hOKT3 gammal(Ala-Ala) results in improvement in C-
peptide responses and clinical parameters for at least 2 years after onset of type 1
diabetes. Diabetes. Vol.54(No.6): 1763-9.

Hjorth M, Axelsson S, Rydén A, Faresjo M, Ludvigsson J, Casas R. (2011). GAD-alum
treatment induces GAD65-specific CD4+CD25highFOXP3+ cells in type 1 diabetic
patients. Clinical Immunology. Vol.138(No.1): 117-26.

Horvath L, Cervenak L, Oroszlan M, Prohészka Z, Uray K, Hudecz F, Baranyi E, Madacsy L,
Singh M, Romics L, Fiist G, Panczél P. (2002). Antibodies against different epitopes
of heat-shock protein 60 in children with type 1 diabetes mellitus. Immunology
Letters. Vol.80(INo.3): 155-62.

Howard LM, Miller SD. (2004). Immunotherapy targeting the CD40/CD154 costimulatory
pathway for treatment of autoimmune disease. Autoimmunity. Vol.37(No.5): 411-8.

Huurman VA, Decochez K, Mathieu C, Cohen IR, Roep BO. (2007). Therapy with the hsp60
peptide DiaPep277 in C-peptide positive type 1 diabetes patients.
Diabetes/Metabolism Research and Reviews. Vol.23(No.4): 269-75.

Huurman VA, van der Meide PE, Duinkerken G, Willemen S, Cohen IR, Elias D, Roep BO.
(2008). Immunological efficacy of heat shock protein 60 peptide DiaPep277 therapy
in clinical type I diabetes. Clinical and Experimental Immunology. Vol.152(No.3): 488-
97.

Jacob CO, Aiso S, Michie SA, McDevitt HO, Acha-Orbea H. (1990). Prevention of diabetes in
nonobese diabetic mice by tumor necrosis factor (TNF): similarities between TNF-
alpha and interleukin 1. Proceedings of the National Academy of Sciences of the United
States of America. Proceedings of the National Academy of Sciences of the United States of
America. Vol.87(No.3): 968-72.

Joussemet B, Vu AT, Sai P, Bach JM. (2005). Gene-gun biolistic immunization encoding
glutamic acid decarboxylase: a model for studying Langerhans cell abnormalities
and mimicry in the nonobese diabetic mouse. Annals of the New York Academy of
Sciences. Vol.1051: 613-25.

Kaufman DL, Clare-Salzler M, Tian ], Forsthuber T, Ting GS, Robinson P, Atkinson MA,
Sercarz EE, Tobin AJ, Lehmann PV. (1993). Spontaneous loss of T-cell tolerance to
glutamic acid decarboxylase in murine insulin-dependent diabetes. Nature.
Vo0l.366(No0.6450): 69-72.

Kaufman A, Herold KC. (2009). Anti-CD3 mAbs for treatment of type 1 diabetes.
Diabetes/Metabolism Research and Reviews. Vol.25(No.4): 302-6.

Keymeulen B, Vandemeulebroucke E, Ziegler AG, Mathieu C, Kaufman L, Hale G, Gorus F,
Goldman M, Walter M, Candon S, Schandene L, Crenier L, De Block C, Seigneurin

www.intechopen.com



386 Type 1 Diabetes — Pathogenesis, Genetics and Immunotherapy

JM, De Pauw P, Pierard D, Weets I, Rebello P, Bird P, Berrie E, Frewin M,
Waldmann H, Bach JF, Pipeleers D, Chatenoud L. (2005). Insulin needs after CD3-
antibody therapy in new-onset type 1 diabetes. New England journal of medicine.
Vol.352(No.25): 2598-608.

Kobayashi M, Abiru N, Arakawa T, Fukushima K, Zhou H, Kawasaki E, Yamasaki H, Liu E,
Miao D, Wong FS, Eisenbarth GS, Eguchi K. (2007). Altered B:9 23 insulin, when
administered intranasally with cholera toxin adjuvant, suppresses the expression of
insulin autoantibodies and prevents diabetes. Journal of Immunology. Vol.179(No.4):
2082-2088.

Koenecke C, Czeloth N, Bubke A, Schmitz S, Kissenpfennig A, Malissen B, Huehn ], Ganser
A, Forster R, Prinz 1. (2009) Alloantigen-specific de novo-induced Foxp3+ Treg
revert in vivo and do not protect from experimental GVHD. European Journal of
Immunology. Vol.39(No.11): 3091-6.

Koulmanda M, Budo E, Bonner-Weir S, Qipo A, Putheti P, Degauque N, Shi H, Fan Z, Flier
JS, Auchincloss H Jr, Zheng XX, Strom TB. (2007). Modification of adverse
inflammation is required to cure new-onset type 1 diabetic hosts. Proceedings of the
National Academy of Sciences of the USA. Vol.104(No.32): 13074-9.

Krieg AM. (2002). CpG motifs in bacterial DNA and their immune effects. Annual Review of
Immunology. Vol.20: 709-60.

Krishna MT, Huissoon AP. (2011). Clinical immunology review series: an approach to
desensitization. Clinical and Experimental Immunology. Vol.163(No.2): 131-46.

Kukreja A, Cost G, Marker J, Zhang C, Sun Z, Lin-Su K, Ten S, Sanz M, Exley M, Wilson B,
Porcelli S, Maclaren N. (2002). Multiple immuno-regulatory defects in type-1
diabetes. Journal of Clinical Investigation. Vol.109(No.1): 131-40.

Lawler B. (2009). PDL Lands in a Hazard. URL: http://www.fool.com/investing/high-
growth/2007/08/29/pdl-lands-in-the-hazard.aspx

Lazar L, Ofan R, Weintrob N, Avron A, Tamir M, Elias D, Phillip M, Josefsberg Z. (2007).
Heat-shock protein peptide DiaPep277 treatment in children with newly diagnosed
type 1 diabetes: a randomized, double-blind phase II study. Diabetes/Metabolism
Research And Reviews. Vol.23(No.4): 286-91.

Li AF, Escher A. (2003). Intradermal or oral delivery of GAD-encoding genetic vaccines
suppresses type 1 diabetes. DNA and Cell Biology. Vol.22(No.4): 227-32.

Li AF, Hough ], Henderson D, Escher A. (2004). Co-delivery of pro-apoptotic BAX with a
DNA vaccine recruits dendritic cells and promotes efficacy of autoimmune diabetes
prevention in mice. Vaccine. Vol.22(No.13-14): 1751-63.

Li A, Ojogho O, Franco E, Baron P, Iwaki Y, Escher A. (2006). Pro-apoptotic DNA
vaccination ameliorates new onset of autoimmune diabetes in NOD mice and
induces foxp3+ regulatory T cells in vitro. Vaccine. Vol.24(No.23): 5036.

Li A, Chen J, Hattori M, Franco E, Zuppan C, Ojogho O, Iwaki Y, Escher A. (2010). A
therapeutic DNA vaccination strategy for autoimmunity and transplantation.
Vaccine. Vol.28(No.8): 1897-904.

Li L, Yi Z, Tisch R, Wang B. (2008). Immunotherapy of type 1 diabetes. Archivum
Immunologiae et Therapiae Experimentalis. Vol.56(No.4): 227-36.

Li X, Liao L, Yan X, Huang G, Lin J, Lei M, Wang X, Zhou Z. (2009). Protective effects of 1-
alpha-hydroxyvitamin D3 on residual beta-cell function in patients with adult-

www.intechopen.com



Immunotherapy for Type 1 Diabetes — Preclinical and Clinical Trials 387

onset latent autoimmune diabetes (LADA). Diabetes/Metabolism Research and
Reviews. Vol.25(No.5): 411-6.

Lindley S, Dayan CM, Bishop A, Roep BO, Peakman M, Tree TI. (2005). Defective
suppressor function in CD4(+)CD25(+) T-cells from patients with type 1 diabetes.
Diabetes. Vol.54(No.1): 92-9.

Liu J, Filippova M, Fagoaga O, Nehlsen-Cannarella S, Escher A. (1999). Intramuscular
injection of plasmid DNA encoding intracellular or secreted glutamic acid
decarboxylase causes decreased insulitis in the nonobese diabetic mouse. Gene
Therapy and Molecular Biology. Vol 3: 197-206. (This article is not available online,
updated 2011)

Luczynski W, Stasiak-Barmuta A, Urban R, Urban M, Florys B, Hryszko M. (2009). Lower
percentages of T regulatory cells in children with type 1 diabetes - preliminary
report. Pediatric endocrinology, diabetes, and metabolism. Vol.15(No.1): 34-8.

Ludvigsson J. (2009). Adequate doses of autoantigen administered using the appropriate
route may create tolerance and stop autoimmunity. Diabetologia. Vol.52(No.1): 175-
6.

Ludvigsson J, Hjorth M, Chéramy M, Axelsson S, Pihl M, Forsander G, Nilsson NO,
Samuelsson BO, Wood T, Aman ], Ortqvist E, Casas R. (2011). Extended evaluation
of the safety and efficacy of GAD treatment of children and adolescents with
recent-onset type 1 diabetes: a randomised controlled trial. Diabetologia.
Vol.54(No.3): 634-40.

Ludvigsson J; Linképing Diabetes Immune Intervention Study Group. (2009). The role of
immunomodulation therapy in autoimmune diabetes. Journal of Diabetes Science and
Technology. Vol.3(No.2): 320-30.

Luo X, Herold KC, Miller SD. (2010). Immunotherapy of type 1 diabetes: where are we and
where should we be going? Immunity. Vol.32(No.4): 488-99.

Masteller EL, Warner MR, Tang Q, Tarbell KV, McDevitt H, Bluestone JA. (2005). Expansion
of functional endogenous antigen-specific CD4+CD25+ regulatory T cells from
nonobese diabetic mice. Journal of Immunology Vol.175(No.5):3053-9.

Mastrandrea L, Yu ], Behrens T, Buchlis J, Albini C, Fourtner S, Quattrin T. (2009).
Etanercept treatment in children with new-onset type 1 diabetes: pilot randomized,
placebo-controlled, double-blind study. Diabetes Care. Vol.32(No.7): 1244-9.

Mercer F, Unutmaz D. (2009). The biology of FoxP3: a key player in immune suppression
during infections, autoimmune diseases and cancer. Advances in Experimental
Medicine and Biology. Vol.665: 47-59.

Nanto-Salonen K, Kupila A, Simell S, Siljander H, Salonsaari T, Hekkala A, Korhonen S,
Erkkola R, Sipild JI, Haavisto L, Siltala M, Tuominen J, Hakalax J, Hyoty H, Ilonen
J, Veijola R, Simell T, Knip M, Simell O. (2008). Nasal insulin to prevent type 1
diabetes in children with HLA genotypes and autoantibodies conferring increased
risk of disease: a double-blind, randomised controlled trial. Lancet.
Vol.372(N0.9651): 1746-55.

Nikolic T, Welzen-Coppens JM, Leenen PJ, Drexhage HA, Versnel MA. (2009). Plasmacytoid
dendritic cells in autoimmune diabetes - potential tools for immunotherapy.
Immunobiology. Vol.214(No.9-10): 791-9.

O'Brien BA, Huang Y, Geng X, Dutz JP, Finegood DT. (2002). Phagocytosis of apoptotic cells
by macrophages from NOD mice is reduced. Diabetes. Vol.51(No.8): 2481-8.

www.intechopen.com



388 Type 1 Diabetes — Pathogenesis, Genetics and Immunotherapy

Orban T, Farkas K, Jalahej H, Kis ], Treszl A, Falk B, Reijonen H, Wolfsdorf ], Ricker A,
Matthews JB, Tchao N, Sayre P, Bianchine P. (2010). Autoantigen-specific
regulatory T cells induced in patients with type 1 diabetes mellitus by insulin B-
chain immunotherapy. Journal of Autoimmunity. Vol.34(No.4): 408-15.

Ortqvist E, Brooks-Worrell B, Lynch K, Radtke ], Bekris LM, Kockum I, Agardh CD, Cilio
CM, Lethagen AL, Persson B, Lernmark A, Reichow J, Oak S, Palmer JP, Hampe
CS. (2010). Changes in GAD65Ab-specific antiidiotypic antibody levels correlate
with changes in C-peptide levels and progression to islet cell autoimmunity. Journal
of Clinical Endocrinology and Metabolism. Vol.95(No.11): E310-8.

Overbergh L, Decallonne B, Branisteanu DD, Valckx D, Kasran A, Bouillon R, Mathieu C.
(2003). Acute shock induced by antigen vaccination in NOD mice. Diabetes.
Vol.52(No.2): 335-41.

Panakanti R, Mahato RI. (2009). Bipartite adenoviral vector encoding hHGF and hIL-1Ra for
improved human islet transplantation. Pharmaceutical research. Vol.26(No.3): 587-96.

Paul WE. (1999). Fundamental Immunology. Lippincott - Raven Publishers, Philadelphia, PA.

Pedotti R, Sanna M, Tsai M, DeVoss ], Steinman L, McDevitt H, Galli SJ. (2003). Severe
anaphylactic reactions to glutamic acid decarboxylase (GAD) self peptides in NOD
mice that spontaneously develop autoimmune type 1 diabetes mellitus. BioMed
Central Immunology. Vol.4: 2.

Pescovitz MD, Greenbaum CJ, Krause-Steinrauf H, Becker D], Gitelman SE, Goland R,
Gottlieb PA, Marks JB, McGee PF, Moran AM, Raskin P, Rodriguez H, Schatz DA,
Wherrett D, Wilson DM, Lachin JM, Skyler JS; Type 1 Diabetes TrialNet Anti-CD20
Study Group. (2009). Rituximab, B-lymphocyte depletion, and preservation of beta-
cell function. New England journal of medicine. Vol.361(No.22): 2143-52.

Pfleger C, Meierhoff G, Kolb H, Schloot NC; p520/521 Study Group. (2010). Association of
T-cell reactivity with beta-cell function in recent onset type 1 diabetes patients.
Journal of Autoimmunity. Vol.34(No.2): 127-35.

Phillips B, Giannoukakis N, Trucco M. (2009). Dendritic cell-based therapy in Type 1
diabetes mellitus. Expert review of clinical immunology. Vol.5(No.3):325-39. URL:
http:/ / clinicaltrials.gov/ct2/results?term=NCT00445913

Phillips B, Nylander K, Harnaha ], Machen ], Lakomy R, Styche A, Gillis K, Brown L,
Lafreniere D, Gallo M, Knox J, Hogeland K, Trucco M, Giannoukakis N. (2008). A
microsphere-based vaccine prevents and reverses new-onset autoimmune diabetes.
Diabetes. Vol.57(No.6): 1544-55.

Pitocco D, Crino A, Di Stasio E, Manfrini S, Guglielmi C, Spera S, Anguissola GB, Visalli N,
Suraci C, Matteoli MC, Patera IP, Cavallo MG, Bizzarri C, Pozzilli P; IMDIAB
Group. (2006). The effects of calcitriol and nicotinamide on residual pancreatic beta-
cell function in patients with recent-onset Type 1 diabetes (IMDIAB XI). Diabetic
medicine : a journal of the British Diabetic Association. Vol.23(No.8): 920-3.

Putnam AL, Brusko TM, Lee MR, Liu W, Szot GL, Ghosh T, Atkinson MA, Bluestone JA.
(2009). Expansion of human regulatory T-cells from patients with type 1 diabetes.
Diabetes. Vol.58(No.3): 652-62.

Putnam AL, Vendrame F, Dotta F, Gottlieb PA. (2005). CD4+CD25high regulatory T cells in
human autoimmune diabetes. Journal of Autoimmunity. Vol.24(No.1): 55-62.

www.intechopen.com



Immunotherapy for Type 1 Diabetes — Preclinical and Clinical Trials 389

Quintana FJ, Carmi P, Cohen IR. (2002). DNA vaccination with heat shock protein 60
inhibits = cyclophosphamide-accelerated  diabetes.  Journal of Immunology.
Vo0l.169(No.10): 6030-5.

Rabinovitch A, Suarez-Pinzon WL, Shapiro AM, Rajotte RV, Power R. (2002). Combination
therapy with sirolimus and interleukin-2 prevents spontaneous and recurrent
autoimmune diabetes in NOD mice. Diabetes. Vol.51(No.3): 638-45.

Raz I, Avron A, Tamir M, Metzger M, Symer L, Eldor R, Cohen IR, Elias D. (2007).
Treatment of new-onset type 1 diabetes with peptide DiaPep277 is safe and
associated with preserved beta-cell function: extension of a randomized, double-
blind, phase II trial. Diabetes/Metabolism Research and Reviews. Vol.23(No.4): 292-8.

Reed JC. (1999). Dysregulation of apoptosis in cancer. Journal of Clinical Oncology.
Vol.17(No.9): 2941-53.

Ridgway WM. (2003). The non obese diabetic (NOD) mouse: a unique model for
understanding the interaction between genetics and T cell responses. Reviews In
Endocrine & Metabolic Disorders. Vol.4(No.3): 263-9.

Rigby MR, Trexler AM, Pearson TC, Larsen CP. (2008). CD28/CD154 blockade prevents
autoimmune diabetes by inducing nondeletional tolerance after effector t-cell
inhibition and regulatory T-cell expansion. Diabetes. Vol.57(No.10): 2672-83.

Rother KI, Brown R], Morales MM, Wright E, Duan Z, Campbell C, Hardin DS, Popovic ],
McEvoy RC, Harlan DM, Orlander PR, Brod SA. (2009a). Effect of ingested
interferon-alpha on beta-cell function in children with new-onset type 1 diabetes.
Diabetes Care. Vol.32(No.7): 1250-5.

Rother KI, Spain LM, Wesley RA, Digon BJ 3rd, Baron A, Chen K, Nelson P, Dosch HM,
Palmer JP, Brooks-Worrell B, Ring M, Harlan DM. (2009b). Effects of exenatide
alone and in combination with daclizumab on beta-cell function in long-standing
type 1 diabetes. Diabetes Care. Vol.32(No.12): 2251-7.

Sanda S, Bollyky J, Standifer N, Nepom G, Hamerman JA, Greenbaum C. (2010). Short-term
IL-1beta blockade reduces monocyte CD11b integrin expression in an IL-8
dependent fashion in patients with type 1 diabetes. Clinical immunology.
Vol.136(No.2): 170-3.

Santos Junior RR, Sartori A, Bonato VL, Coelho Castelo AA, Vilella CA, Zollner RL, Silva
CL. (2007). Immune modulation induced by tuberculosis DNA vaccine protects
non-obese diabetic mice from diabetes progression. Clinical and Experimental
Immunology. Vol.149(No.3): 570-8.

Santos RR Junior, Sartori A, Lima DS, Souza PR, Coelho-Castelo AA, Bonato VL, Silva CL.
(2009). DNA vaccine containing the mycobacterial hsp65 gene prevented insulitis in
MLD-STZ diabetes. Journal of Immune Based Therapies and Vaccines. Vol.7(No.1): 4.

Saudek F, Havrdova T, Boucek P, Karasova L, Novota P, Skibova J. (2004). Polyclonal anti-T-
cell therapy for type 1 diabetes mellitus of recent onset. Review of Diabetic Studies.
Vol.1(No.2): 80-8.

Schatz DA, Bingley PJ. (2001). Update on major trials for the prevention of type 1 diabetes
mellitus: the American Diabetes Prevention Trial (DPT-1) and the European
Nicotinamide Diabetes Intervention Trial (ENDIT). Journal of Pediatric Endocrinology
& Metabolism. Vol.14 Suppl 1: 619-22.

Schwarznau A, Hanson MS, Sperger JM, Schram BR, Danobeitia JS, Greenwood KK, Vijayan
A, Fernandez LA. (2009). IL-1beta receptor blockade protects islets against pro-

www.intechopen.com



390 Type 1 Diabetes — Pathogenesis, Genetics and Immunotherapy

inflammatory cytokine induced necrosis and apoptosis. Journal of cellular physiology.
Vol.220(No.2): 341-7.

Seifarth C, Pop S, Liu B, Wong CP, Tisch R. (2003). More stringent conditions of plasmid
DNA vaccination are required to protect grafted versus endogenous islets in
nonobese diabetic mice. Journal of Immunology. Vol.171(No.1): 469.

Sgouroudis E, Piccirillo CA. (2009). Control of type 1 diabetes by CD4+Foxp3+ regulatory T
cells: lessons from mouse models and implications for human disease.
Diabetes/metabolism research and reviews. Vol.25(No.3): 208-18.

Shapiro AM, Lakey JR, Ryan EA, Korbutt GS, Toth E, Warnock GL, Kneteman NM, Rajotte
RV. (2000). Islet transplantation in seven patients with type 1 diabetes mellitus
using a glucocorticoid-free immunosuppressive regimen. New England Journal of
Medicine. Vol.343(No.4): 230-8.

Silverstein J, Maclaren N, Riley W, Spillar R, Radjenovic D, Johnson S. (1988).
Immunosuppression with azathioprine and prednisone in recent-onset insulin-
dependent diabetes mellitus. New England Journal of Medicine. Vol.319(No.10): 599-
604.

Simon G, Parker M, Ramiya V, Wasserfall C, Huang Y, Bresson D, Schwartz RF, Campbell-
Thompson M, Tenace L, Brusko T, Xue S, Scaria A, Lukason M, Eisenbeis S,
Williams ], Clare-Salzler M, Schatz D, Kaplan B, Von Herrath M, Womer K,
Atkinson MA. (2008). Murine antithymocyte globulin therapy alters disease
progression in NOD mice by a time-dependent induction of immunoregulation.
Diabetes. Vol.57(No.2): 405-14.

Sizonenko SV, Halban PA. (1991). Differential rates of conversion of rat proinsulins I and II.
Evidence for slow cleavage at the B-chain/C-peptide junction of proinsulin II.
Biochemical Journal. Vol.278( Pt 3): 621-5.

Skyler JS, Krischer JP, Wolfsdorf ], Cowie C, Palmer JP, Greenbaum C, Cuthbertson D,
Rafkin-Mervis LE, Chase HP, Leschek E. (2005). Effects of oral insulin in relatives of
patients with type 1 diabetes: The Diabetes Prevention Trial--Type 1. Diabetes Care.
Vol.28(No.5): 1068-76.

Skyler JS; Type 1 Diabetes TrialNet Study Group. (2008). Update on worldwide efforts to
prevent type 1 diabetes. Annals of the New York Academy of Sciences. Vol.1150: 190-6.

Stadinski BD, Delong T, Reisdorph N, Reisdorph R, Powell RL, Armstrong M, Piganelli JD,
Barbour G, Bradley B, Crawford F, Marrack P, Mahata SK, Kappler JW, Haskins K.
(2010). Chromogranin A is an autoantigen in type 1 diabetes. Nature Immunology.
Vol.11(No.3): 225-31.

Stiller CR, Dupré ], Gent M, Jenner MR, Keown PA, Laupacis A, Martell R, Rodger NW, von
Graffenried B, Wolfe BM. (1984). Effects of cyclosporine immunosuppression in
insulin-dependent diabetes mellitus of recent onset. Science. Vol.223(No0.4643): 1362-
7.

Solvason N, Lou YP, Peters W, Evans E, Martinez ], Ramirez U, Ocampo A, Yun R, Ahmad
S, Liu E, Yu L, Eisenbarth G, Leviten M, Steinman L, Garren H. (2008). Improved
efficacy of a tolerizing DNA vaccine for reversal of hyperglycemia through
enhancement of gene expression and localization to intracellular sites. Journal of
Immunology. Vol.181(No.12): 8298-307.

Sutherland DE, Gruessner RW, Dunn DL, Matas AJ, Humar A, Kandaswamy R, Mauer SM,
Kennedy WR, Goetz FC, Robertson RP, Gruessner AC, Najarian JS. (2001). Lessons

www.intechopen.com



Immunotherapy for Type 1 Diabetes — Preclinical and Clinical Trials 391

learned from more than 1,000 pancreas transplants at a single institution. Annals of
Surgical Innovation and Research. Vol.233(No.4): 463-501.

Tang Q, Bluestone JA. (2006). Regulatory T-cell physiology and application to treat
autoimmunity. Immunological Reviews. Vol.212: 217-37.

Tang Q, Bluestone JA. (2008). The Foxp3+ regulatory T cell: a jack of all trades, master of
regulation. Nature Immunology. Vol.9(No.3): 239-44.

Thomas HE, Irawaty W, Darwiche R, Brodnicki TC, Santamaria P, Allison J, Kay TW. (2004).
IL-1 receptor deficiency slows progression to diabetes in the NOD mouse. Diabetes.
Vol.53(No.1): 113-21.

Tian J, Clare-Salzler M, Herschenfeld A, Middleton B, Newman D, Mueller R, Arita S, Evans
C, Atkinson MA, Mullen Y, Sarvetnick N, Tobin AJ, Lehmann PV, Kaufman DL.
(1996). Modulating autoimmune responses to GAD inhibits disease progression
and prolongs islet graft survival in diabetes-prone mice. Nature Medicine.
Vol.2(No.12): 1348-53.

Tisch R, Liblau RS, Yang XD, Liblau P, McDevitt HO. (1998). Induction of GAD65-specific
regulatory T-cells inhibits ongoing autoimmune diabetes in nonobese diabetic mice.
Diabetes. Vol.47(No.6): 894-9.

Tisch R, Yang XD, Liblau RS, McDevitt HO. (1994). Administering glutamic acid
decarboxylase to NOD mice prevents diabetes. Journal of Autoimmunity.
Vol.7(No.6): 845-50.

Tisch R, Yang XD, Singer SM, Liblau RS, Fugger L, McDevitt HO. (1993). Inmune response
to glutamic acid decarboxylase correlates with insulitis in non-obese diabetic mice.
Nature. Vol.366(IN0.6450): 72-5.

Tisch R, Wang B, Weaver DJ, Liu B, Bui T, Arthos ], Serreze DV. (2001). Antigen-specific
mediated suppression of beta cell autoimmunity by plasmid DNA vaccination.
Journal of Immunology. Vol.166(No.3): 2122-32.

Tritt M, Sgouroudis E, d'Hennezel E, Albanese A, Piccirillo CA. (2008). Functional waning of
naturally occurring CD4+ regulatory T-cells contributes to the onset of
autoimmune diabetes. Diabetes. Vol.57(No.1):113-23.

Tsai S, Shameli A, Yamanouchi J, Clemente-Casares X, Wang J, Serra P, Yang Y, Medarova
Z, Moore A, Santamaria P. (2010). Reversal of autoimmunity by boosting memory-
like autoregulatory T cells. Immunity. Vol.23;32(No.4): 568-80.

Vague P, Vialettes B, Lassmann-Vague V, Vallo JJ. (1987). Nicotinamide may extend
remission phase in insulin-dependent diabetes. Lancet. Vol.329(No0.8533): 619-20.

Valle A, Jofra T, Stabilini A, Atkinson M, Roncarolo MG, Battaglia M. (2009). Rapamycin
prevents and breaks the anti-CD3-induced tolerance in NOD mice. Diabetes.

Waid DM, Vaitaitis GM, Wagner DH Jr. (2004). Peripheral CD4loCD40+ auto-aggressive T
cell expansion during insulin-dependent diabetes mellitus. European Journal of
Immunology. Vol.34(No.5): 1488-97.

Walter M, Kaupper T, Adler K, Foersch J, Bonifacio E, Ziegler AG. (2010). No effect of the
lalpha, 25-dihydroxyvitamin D3 on beta-cell residual function and insulin
requirement in adults with new-onset type 1 diabetes. Diabetes Care. Vol.33(No.7):
1443-8.

Weaver DJ Jr, Liu B, Tisch R. (2001). Plasmid DNAs encoding insulin and glutamic acid
decarboxylase 65 have distinct effects on the progression of autoimmune diabetes
in nonobese diabetic mice. Journal of Immunology. Vol.167(No.1): 586-92.

www.intechopen.com



392 Type 1 Diabetes — Pathogenesis, Genetics and Immunotherapy

Wenzlau JM, Juhl K, Yu L, Moua O, Sarkar SA, Gottlieb P, Rewers M, Eisenbarth GS, Jensen
J, Davidson HW, Hutton JC. (2007). The cation efflux transporter ZnT8 (SIc30A8) is
a major autoantigen in human type 1 diabetes. Proceedings of the National Academy of
Sciences of the USA. Vol.104(No.43): 17040-5.

Wolfe T, Bot A, Hughes A, Mohrle U, Rodrigo E, Jaume JC, Baekkeskov S, von Herrath M.
(2002). Endogenous expression levels of autoantigens influence success or failure of
DNA immunizations to prevent type 1 diabetes: addition of IL-4 increases safety.
European Journal of Immunology. Vol.32(No.1): 113-21.

Xiu Y, Wong CP, Bouaziz JD, Hamaguchi Y, Wang Y, Pop SM, Tisch RM, Tedder TF. (2008).
B lymphocyte depletion by CD20 monoclonal antibody prevents diabetes in
nonobese diabetic mice despite isotype-specific differences in Fc gamma R effector
functions. Journal of Immunology. Vol.180(No.5): 2863-75.

You S, Candon S, Kuhn C, Bach JF, Chatenoud L. (2008). CD3 antibodies as unique tools to
restore self-tolerance in established autoimmunity their mode of action and clinical
application in type 1 diabetes. Advances in Immunology. Vol.100: 13-37.

Zanin-Zhorov A, Tal G, Shivtiel S, Cohen M, Lapidot T, Nussbaum G, Margalit R, Cohen IR,
Lider O. (2005). Heat shock protein 60 activates cytokine-associated negative
regulator suppressor of cytokine signaling 3 in T cells: effects on signaling,
chemotaxis, and inflammation. Journal of Immunology. Vol.175(No.1): 276-85.

Zhang L, Nakayama M, Eisenbarth GS. (2008). Insulin as an autoantigen in NOD/human
diabetes. Current Opinion in Immunology. Vol.20(No.1): 111-8.

Zhang W, Jin H, Hu Y, Yu Y, Li X, Ding Z, Kang Y, Wang B. (2010). Protective response
against type 1 diabetes in nonobese diabetic mice after coimmunization with
insulin and DNA encoding proinsulin. Hum Gene Therapy. Vol.21(No.2): 171-8.

Zheng XX, Steele AW, Hancock WW, Kawamoto K, Li XC, Nickerson PW, Li Y, Tian Y,
Strom TB. (1999). IL-2 receptor-targeted cytolytic IL-2/Fc fusion protein treatment
blocks diabetogenic autoimmunity in nonobese diabetic mice. Journal of
Immunology. Vol.163(No.7): 4041-8.

www.intechopen.com



Type 1 Diabetes - Pathogenesis, Genetics and Imnmunotherapy
TYPE 1 DIABETES Edited by Prof. David Wagner

PATHOGEMESIS, GENETICS AND
IMMIH OTHRERAFY

Edred Ty David Wagner

ISBN 978-953-307-362-0

Hard cover, 660 pages

Publisher InTech

Published online 25, November, 2011
Published in print edition November, 2011

This book is a compilation of reviews about the pathogenesis of Type 1 Diabetes. T1D is a classic autoimmune
disease. Genetic factors are clearly determinant but cannot explain the rapid, even overwhelming expanse of
this disease. Understanding etiology and pathogenesis of this disease is essential. A number of experts in the
field have covered a range of topics for consideration that are applicable to researcher and clinician alike. This
book provides apt descriptions of cutting edge technologies and applications in the ever going search for
treatments and cure for diabetes. Areas including T cell development, innate immune responses, imaging of
pancreata, potential viral initiators, etc. are considered.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Alice Li and Alan Escher (2011). Immunotherapy for Type 1 Diabetes — Preclinical and Clinical Trials, Type 1
Diabetes - Pathogenesis, Genetics and Immunotherapy, Prof. David Wagner (Ed.), ISBN: 978-953-307-362-0,
InTech, Available from: http://www.intechopen.com/books/type-1-diabetes-pathogenesis-genetics-and-
immunotherapy/immunotherapy-for-type-1-diabetes-preclinical-and-clinical-trials

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE BHIERFARK6SS HiBEFR R ARIRE I AE40582TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2011 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




