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Abstract

Recent advances in immunology have led to exciting new possibilities in medicine. We now
understand how to design vaccine capable of resetting the balance between immune effector and
regulatory cells in people suffering from autoimmune and allergic diseases. These approaches are
effective while avoiding the side effects associated with non-specific immune suppression.

1. The immune system

The immune system has evolved to protect us from infection. Elements of our own immune
system can be found in invertebrates. These so called ‘innate” immune mechanisms include
engulfment of microbes, their encapsulation and their lysis by chemicals. Analogous
mechanisms, including phagocytosis by neutrophils and macrophages, microbial lysis by
lysozyme and complement components and the process of chronic inflammation are found
in all vertebrates. Vertebrates face additional microbial challenges when compared with
invertebrates and have evolved increasingly sophisticated immune mechanisms. These
include a spectacular array of antigen receptors generated by a unique gene rearrangement
process. These receptors equip lymphocytes (B and T cells) with the receptors required to
respond to virtually any antigen that nature can throw at them. The *adaptive’ immune
system cooperates with the innate immune system to provide effective protection from
infection. However, the evolution of such a diverse and powerful immune system has
considerable drawbacks.

2. The challenge of self-non-self discrimination

How does the immune system distinguish between the antigens expressed in its own body
(self antigens) from those found in microbes (non-self antigens)? Furthermore, how does the
immune system know how to distinguish between infectious agents and otherwise innocuous
foreign substances such as food and airborne antigens such as pollen? The immune system
uses various devices to ensure that its cells tolerate self-antigens.

Many of the antigens found in the body are expressed in the thymus. Their expression leads
to deletion of those T lymphocytes carrying receptors specific for self-antigens. No system
is perfect, however, and a small number of potentially self-reactive cells escape deletion in
the thymus. This is true for all people whether or not they suffer from an autoimmune
disease. Most people remain healthy, however, because there are additional mechanisms that
control the activity of self-reactive cells in their lymphoid organs (Fig. 1). Among these
mechanisms the function of regulatory T cells is arguably the most important.
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3. Regulatory T cells

An unregulated immune system would face two problems. First, it would respond to
infections so violently that the resulting immune pathology would cause irreversible damage
to the infected tissue. Second, an unregulated immune system would allow those T cells that
have escaped deletion in the thymus to attack the individuals own tissues and cause
widespread autoimmune disease. This is just what happens when crucial molecules involved
in the function of regulatory T (Treg) cells, such as FoxP3 and CTLA-4, are rendered non-
functional through deletion or mutation. An important subset of regulatory cells expresses
the high affinity receptor for interleukin 2 (CD25) and the transcriptional regulator FoxP3.
Additional subsets of regulatory cells include Tr1 and Th3 cells that depend on the secretion
of hormone like substances (cytokines) such as interleukin 10 (IL-10) and transforming
growth factor for their regulatory function [1]. Mutations of the FoxP3 gene are associated
with a broad range of autoimmune and allergic conditions in both mouse and man.
Furthermore, mice deficient in IL-10 suffer from heightened susceptibility to
hypersensitivity conditions such as inflammatory bowel disease.

4. Harnessing Treg cells for treatment of autoimmune and allergic
conditions

We now appreciate that the immune system of a healthy person represents a fine balance
between different cells of the immune system (Fig. 2). On the one hand are cells that protect
us from infection but that also have the potential to cause autoimmune and allergic
disorders. On the other are cells that regulate immune responses and prevent excessive
reactivity. The recent characterization of regulatory T cells has stimulated a drive to
discover safe and effective ways to induce these cells. Induction of regulatory T cells is a
major goal in immunotherapy since this would confer specificity to treatment and hence
override the current use of non-specific drugs. Monoclonal antibodies directed to helper T
cells enhance the generation of Treg cells. For example, treatment of the non-obese diabetic
mouse with CD3-specific antibodies induces T cell mediated tolerance involving CD25*
cells [1]. Natural CD25* Treg cells can be expanded /n vitro in the presence of high
concentrations of 1L-2 and a small number of these cells reverse diabetes in the non-obese
diabetic mouse. Furthermore, antigen-pulsed dendritic cells induce proliferation of CD25*
cells in vitro. The resulting CD25* cells are expanded in the presence of antigen and 1L-2
and are significantly more potent than unselected CD25" cells for treatment of experimental
diabetes [1].

IL-10 is an immune suppressive cytokine that has direct effects on lymphocytes and APC
such as dendritic cells. Repeated stimulation of lymphocytes /n vitro in the presence of high
amounts of 1L-10 leads to the differentiation of T regulatory type 1 (Tr1) cells [2]. These
cells secrete IL-10 at high levels and also produce TGF-beta, interferon gamma and
interleukin 5. Similarly, repeated antigenic stimulation in the presence of immune
suppressive drugs such as vitamin D3 and dexamethasone leads to differentiation of a
similar subset of cells with regulatory properties. Can such cells be induced in vivo? Several
groups have shown that T cells with a regulatory phenotype can be induced following
interaction with antigen-pulsed immature DCs. Wakkach described the generation of Tr1-
like T cells following culture with bone-marrow derived DCs cultured /n vitro with 1L-10.
This group also discovered a natural population of DCs with the same phenotype as the
IL-10 treated cells; this natural population was also able to induce Tr1 cells /n vivo[3]. Lutz
revealed that repeated injection of peptide-loaded immature bone-marrow DCs, generated
with TNFa., was protective against subsequent induction of autoimmune disease, once again
through the generation of IL-10 producing CD4* T cells [4]. Treatment of DCs with vitamin
D3 or its analogues was also found to stop progression of diabetes in mouse models. It
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becomes clear that presentation of antigen by immature DC leads to the generation of
regulatory T cells and that these function through secretion of immune suppressive
cytokines. Therefore, it may be possible to develop therapeutic strategies for autoimmune
and allergic diseases either by targeting antigen to DC in vivo or by expanding the cells in
vitro, pulsing with antigen and injecting them back into patients. Antigens coupled to
antibodies specific for dendritic cells have been used to deliver antigens to DC /n vivo
resulting in antigen specific tolerance [5].

5. Induction of Treg cells with specific antigen

6. How do

It is now almost a century since the first description of antigen specific immunotherapy
(SIT). In 1911 Noon described how hay fever could by treated by inoculation with allergen.
This well accepted practice leads to immune deviation and the induction of allergen specific
Treg cells. The approach is inherently dangerous since intact antigens can crosslink mast
cell bound IgE antibodies leading to anaphylaxis. Recent studies have shown, however, that
synthetic peptides, based on the structure of T cell epitopes within antigens, can replace
whole antigens for SIT [6]. T cell epitopes are the peptide fragments of antigens that are
generated by antigen processing, bind to MHC proteins and hence stimulate responses
among antigen-specific T cells. Allergies to bee venom or cat dander have been successfully
treated by subcutaneous or intradermal administration of the appropriate T cell epitopes.
Injected peptides seek out and bind to immature dendritic cells and this leads to the
induction of allergen specific, IL-10 secreting Treg cells. The direct administration of
antigenic peptides supersedes the use of antigen-loaded dendritic cells and no longer
requires the complex process of dendritic cell selection in vitro.

therapeutic peptide vaccines work?

The administration of synthetic peptides based on T cell epitopes from self-antigens has
proved to be a highly effective means of preventing and treating experimental autoimmune
disease in animal models. As yet, however, there is little understanding of the mechanisms
involved. Although anergy and deletion have been observed, these mechanisms cannot
account for the fact that treatment with a peptide from antigen A can inhibit the immune
response to antigen B. This phenomenon of bystander suppression, first described by Weiner
and colleagues in oral tolerance [7], has been observed following peptide therapy in
experimental autoimmunity [8]. Peptide therapy in a mouse model of CNS autoimmune
disease has proved to be IL-10 dependent [9]. Treatment of the Tg4 mouse, bearinga T cell
receptor specific for the immunodominant peptide from myelin basic protein, with soluble
peptide similarly renders the mice resistant to EAE in an I1L-10 dependent manner [10].
Subsequent studies revealed that repetitive antigen administration led to the induction of
IL-10 secreting regulatory cells capable of bystander suppression in vivo [11]. These potent
suppressor cells are derived from naive T cells but fail to express FoxP3 [12,13]. The
induced regulatory cells have properties consistent with Thlreg cells and express Thet and
EGR-2 at high levels [14]. Thlreg cells arise during chronic infections and are believed to
dampen the immune response and hence prevent immune pathology [15].

7. Designing peptides for therapy

Peptides for immunotherapy can be selected by various approaches. Epitopes can be
predicted using sophisticated algorithms. Alternatively epitopes may be eluted from the
MHC proteins of antigen-fed APC [16]. While this identifies the naturally processed
epitopes from an antigen it does not guarantee that these will serve as effective peptides for
SIT. Eluted peptides may bind inappropriately to MHC proteins when added back to APC
[17]. As a result, the peptides fail to engage T cells specific for the naturally processed
antigen and are in effect ‘cryptic’ epitopes. Work from our own laboratory has shown that
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peptides must mimic the naturally processed epitope to serve as tolerogens in autoimmune
disease. We propose that repetitive antigen encounter following peptide administration

m
ce

imics the effect of chronic infection and that the induction of peptide induced regulatory T
IIs will prove to be an effective means of preventing and treating autoimmune disease in

man. A cocktail of four myelin-derived peptides is currently being tested in a phase Ila trial

in

multiple sclerosis. Peptide therapy of autoimmune and allergic diseases will greatly

improve the safety of SIT while reducing the reliance of patients on non-specific immune
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Fig. 1.

T lymphocytes differentiate in the thymus where the majority of self-reactive cells are
deleted. Those cells that escape deletion remain quiescent in peripheral lymphoid organs by
various processes including sequestration, privileged sites, homeostasis and immune
regulation.

Immunol Lett. Author manuscript; available in PMC 2009 March 18.



syduiosnuel Joyiny sispun4 JINd adoin3 ¢

syduosnuelA Joyiny sispun4 DA @doing ¢

Wraith

Immune
Regulation

Cells capable !

of causing
tissue damage

Fig. 2.

Cells designed
to suppress
immune
responses and
limit damage

Page 6

It is now clear that the immune system is a delicate balance between the pathogenic factor/

helper T-cells and natural/induced Treg cells.
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