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Abstract

Type 1A diabetes mellitus results from autoimmune de-
struction of the insulin-producing beta cellsin the islets of
Langerhans. This process occurs in genetically susceptible
subjects, is probably triggered by one or more environmental
agents, and usually progresses over many months or years
during which the subject is asymptomatic and euglycemic.
Thus, genetic markers for type 1A diabetes are present from
birth, immune markers are detectabl e after the onset of the
autoimmune process, and metabolic markers can be detected
with sensitive tests once enough beta cell damage has occurred,
but before the onset of symptomatic hyperglycemia. Thislong
latent period is areflection of the large number of functioning
beta cells that must be lost before hyperglycemia occurs. Type
1B diabetes mellitus refers to nonautoimmune islet destruction
(Type 1B diabetes).

Both genetic and environmental factors contribute to the
risk of developing type 1 diabetes mellitus (T1IDM). In genet-
ically susceptible individuals, exposure to one or more envi-
ronmental agents appears to trigger an immune response that
ultimately causes destruction of the insulin-producing pancre-
atic beta cells. Identification of these factors should lead to
a better understanding of the pathogenesis of the disease and
aid in developing strategies to prevent TIDM.

They include:

- Viral infections, particularly enterovirus infections.

- Immunizations.

- Diet, especially exposure to cow's milk at an early age.
- Higher socioeconomic status.

- Obesity.

- Vitamin D deficiency.

- Perinatal factors such as maternal age, history of preeclamp-
sia, and neonatal jaundice. Low birth weight decreases the
risk of developing T1IDM.
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Introduction

GENETIC Susceptibility - Polymorphisms of
multiple genes are reported to influence the risk
of type 1A diabetes (including, HLA-DQalpha,
HLA-DQbeta, HLA-DR, preproinsulin, the
PTPN22 gene, CTLA-4, interferon-induced heli-
case, IL2 receptor (CD25), alectin-like gene
(KIA0035), ERBB3e, and undefined gene at 12q)
[1-3]. A meta-analysis of data from genome-wide
association studies confirmed the above associa-
tions and identified four additional risk loci
(BACH2, PRKCQ, CTSH, C1QTNF6) associated
with an increased risk of type 1 diabetes [4]. In
addition, some loci conferring shared risk for celiac
disease (RGS 1, IL 18RAP, CCR5, TAGAP, SH2B3,
PTPN2) have been identified [5].

MHC genes - The major susceptibility genes
for type 1 diabetes (called IDDM 1 for the MHC
locus) are in the HLA region on chromosome 6p
[6] . Thisregion contains genes that code for MHC
class || molecules expressed on the cell surface of
antigen-presenting cells such as macrophages.
These MHC molecules consist of alpha and beta
chains that form a peptide-binding groove in which
antigens involved in the pathogenesis of type 1
diabetes are bound. MHC binding of antigen allows
it to be presented to antigen receptorson T cells,
which are the main effector cells of the destructive
autoimmune process.

Non-MHC genes - Although important, the
MHC susceptibility genes are not sufficient to
induce type 1 diabetes, suggesting polygenic in-
heritance in most cases [7]. An important component
of the susceptibility to type 1 diabetesresidesin
certain non-MHC genes that have an effect only
in the presence of the appropriate MHC alleles.
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Interferon gamma-positive T cells (Thl cells)
appear to be an important mediator of the insulitis
in NOD mice, and destruction of theidet cells can
be slowed by the administration of anti-interferon
gamma antibodies. Interferon gamma-inducing
factor (IGIF; adso called interleukin-18) and inter-
leukin-12 are potent inducers of interferon gamma,
and the progression of insulitis beginsin parallel
with increased release of these two cytokines [g].

It was initialy thought that, in contrast to Thl
cells, Th2 cells (which produce interleukin-4, -5,
-10, and -13) protected against the onset and pro-
gression of type 1 diabetes. However, Th2 cells
also are capable of inducing islet cell destruction
and, therefore, the onset and progression of type
1 diabetes are probably under the control of both
Thland Th2 cdlls [9].

A more generalizable concept is that type 1A
diabetesis prevented by a balance between patho-
genic and regulatory T lymphocytes [10]. A major
subset of regulatory T lymphocytes termed regula-
tory T cells (Tregs) express the markers CD4 and
CD25 on their surface and lack the IL7 receptor.
Tregs generally suppress or downregulate induction
and proliferation of effector T cells and are depend-
ent for development upon a transcription factor
termed FOXP3. Mutations of FOXP3 |ead to lethal
neonatal autoimmunity, including type 1 diabetes
in neonates. This condition, though extremely rare,
it isimportant to recognize as bone marrow trans-
plantation can reverseit [11].

STAT3 mutations have been identified as a
monogenic cause of autoimmunity, including type
1 diabetes [12] . De novo germline activating STAT3
mutations are associated with a spectrum of early-
onset autoimmune disease, such astype 1 diabetes,
autoimmune thyroid dysfunction, and autoimmune
enteropathy. These findings emphasize the critical
role of STAT3 in autoimmune disease and contrast
with the germline inactivating STAT3 mutations
that result in hyperimmunoglobulin E (IgE) syn-
drome.

Discussion

Autoi mmunity:

Children with type 1 diabetes who do not have
islet cell or other autoantibodies at presentation
have a similar degree of metabolic decompensation
as do children who have these antibodies, although
those with more of the different types of antibodies
appear to have the most accelerated idlet destruction
and a higher requirement for exogenous insulin
during the second year of clinical disease [13]. It

Autoimmunity & Pathogenesis of Type 1 Diabetes

is not clear whether these patients had an unusually
abrupt onset of autoimmune type 1A diabetes or
nonautoimmune islet destruction (type 1B diabetes),
though with studies indicating high-risk human
leukocyte antigen (HLA) allelesin these individu-
als, rapid type 1A diabetes in the absence of idlet
autoantibodies is a possibility.

Target autoantigens:

Insulin - The early appearance of anti-insulin
antibodies suggests that insulin is an important
autoantigen [14] . Direct confirmation of this hy-
pothesis has come from studiesin NOD mice.
Pathogenic CD8+ T cell clone recognizes an epitope
on the insulin B chain and amajor target autoanti-
genfor CD4 T cellsof NOD miceisinsulin peptide
B chain amino acids 9 to 23 [15]. Similar T cell
responses are found in peripheral lymphocytes
obtained from patients with recent-onset type 1
diabetes and from subjects at high risk for the
disease have a so been reported [16].

Insulin autoantibodies are often the first to
appear in children followed from birth and pro-
gressing to diabetes, and are the highest in young
children developing diabetes. Of note, onceinsulin
is administered subcutaneously, essentially all
individuals develop insulin antibodies, and thus
insulin autoantibody measurements after approxi-
mately two weeks of insulin injections cannot be
used as a marker of immune mediated diabetes
(type 1A) [14].

Other type 1 diabetes-related autoantigens - As
autoimmunity in type 1 diabetes progresses from
initial activation to a chronic state, there is often
an increase in the number of islet autoantigens
targeted by T cells and autoantibodies. This condi-
tion is termed "epitope spreading”. Several obser-
vations indicate that islet autoantibody responses
directed to multiple idet autoantigens are associated
with progression to overt disease. A number of
additional type 1 diabetes-related autoantigens
have been identified, which include idet cell au-
toantigen 69kDa (ICA69), the idlet-specific glucose-
6-phosphatase catalytic subunit-related protein
(IGRP), chromogranin A (ChgA), theinsulin re-
ceptor, heat shock proteins, the antigens jun-B, 16,
CD38, peripherin and glial fibrillary acidic protein
(GFAP) [17].

Role of cellular immunity:

The existence of 1gG immunoglobulins directed
to epitopes of islet autoantigens implies the influ-
ence of T cell participation in the autoimmune
response. While the role of autoimmunity in the
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pathogenesis of type 1 diabetes and the frequent
development of autoantibodies are not in question,
there isincreasing evidence for amajor role of
cellular immunity. The occurrence of type 1 diabe-
tesin a 14-year-old boy with X-linked agamma-
globulinemia suggests that B cells are not required
for the development of the disorder and that the
destruction of pancreatic beta cellsis mediated
principally by T cells [18].

Naturally processed epitopes of islet cell au-
toantigens represent the targets of effector and
regulatory T cellsin controlling pancreatic beta
cell-specific autoimmune responses [19] . In partic-
ular, naturally processed HLA class | alele-specific
epitopes recognized by CD4+ T cells, correspond-
ing to the intracellular domain of 1A-2, were iden-
tified after native | A-2 antigen was delivered to
EBV-transformed B cells and peptides eluted and
analyzed by mass spectrometry [20].

Molecular mimicry - Initiating factors of the
immune response are not well understood. One
possihility is molecular mimicry due to homology
between GAD and an infectious agent such as
Coxsackie B virus. Coxsackie B virus-specific
immunoglobulin M (IgM) responses have been
found in 39 percent of children with newly diag-
nosed type 1 diabetes, compared with only 6 percent
of normal children [21].

Association with other autoimmune diseases -
Patients with type 1 diabetes are at increased risk
for developing other autoimmune diseases, most
commonly autoimmune thyroiditis and celiac dis-
ease.

Type 1 diabetes can be seen with polyglandular
autoimmune disease, especially typell, in which
adrenal insufficiency, autoimmune thyroid disease,
and gonadal insufficiency are the other major
components.

Rare syndromes associated with type 1 diabetes
have shed important light on pathogenesis. The
immune dysregul ation, polyendocrinopathy, enter-
opathy, X-linked (IPEX) syndrome is associated
with neonates devel oping type 1 diabetes. These
infants usually die of overwhelming autoimmunity,
in particular, severe enteritis. They have a mutation
of agene termed foxp3, a"master-switch” for the
development of regulatory T cells. Studies provide
dramatic evidence that regulatory T cells (formerly
termed suppressor T cells) have amgjor physiologic
role. The APS-1 syndrome (Autoimmune Polyen-
docrine Syndrometype 1) is caused by a mutation
of the AIRE gene (autoimmune regulator). This
gene controls expression of a series of "peripheral”
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antigensin the thymus, including insulin. It is
thought that the gene provides protection from
autoimmune disorders, including type 1 diabetes,
viaitsinfluence on central T cell tolerance [22].

Prevention of type 1 diabetes:

The goal of disease prevention isto halt the
autoimmune attack on beta cells by redirecting or
dampening the immune system. This remains one
of the foremost therapeutic goal in TLADM. Gly-
cemic intensive control and immunotherapeutic
agents may preserve beta-cell function in newly
diagnosed patients. It may be assessed through C-
peptide values, which are important for glycemic
stability and for the prevention of chronic compli-
cations of this disease [23].

Most strategies to prevent, arrest, or reverse
type 1 diabetestarget T cells, either directly by
altering number or function or indirectly viatoler-
izing antigens. To date, some interventions seem
to preserve some b-cells after onset, but none safely
and effectively prevent or reverse the disease [24].

Tolerance/Autoimmunity And the production
of type | diabetes Diabetes arises from a breakdown
of tolerance to islet antigens, resulting in T cell-
driven destruction of theidlet cells and concomitant
hyperglycemia. Thisloss of tolerance resultsin
part from a defect in the action of regulatory T
cells [25]. It is associated with the mutation of the
autoimmune regulatory gene (AIRE), located in
chromosome 21 which isimportant to the regulation
of autoimmune mechanisms.Change in this gene
results in autoimmune reactions to different anti-
gens expressed in peripheral tissues due to afailure
in regulating the presentation of such antigens to
the thymus for its recognition as "self-antigens"
[26].

Multiple mechanisms have been invoked to
elucidate how insulin -producing cells are destroyed:

« Directly killing of 0-cells by killer T-cells through
acytotoxic process.

* Release of proinflammatory cytokines, granzyme
B, or perforin.

* Possibly, signaling pathways of programmed cell
death.

e Proinflammatory cytokines, such asIL-10, IFN-
y, and free radicals mediate pancreatic P-cell
death [27].

» Pancreatic (-cells are highly susceptible to a
situation of protein folding imbalance termed
endoplasmic reticulum (ER) stress. This unfolded
proteins accumulate in the ER as aresult of ER
stress, triggering apoptosisif thisimbalanced
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condition is not reversed. Cytokines IL-1 3 and
IFN-y induce severe ER stress through NO-
mediated depletion of ER calcium and inhibition
of ER chaperones, inhibiting p-cell defense and
augmenting proapoptotic pathways [2g].

T cell (Tregs) a crucial part of peripheral tol-
erance and autoi mmunuty:

A recently characterized subset of T cellsiden-
tified by their cell surface expression of CD4 &
CD25 iscritical in regulating the function of other
immune cells and preventing potentially harmful
autoimmune responses and are called regulatory
T cells (Tregs). These Regulatory T-cell are present
in all normal immune systems and their absence
leads to severe autoimmunity. A subset of these
cells originates in the thymus; although cells with
asimilar phenotype can develop in the periphery
aswell. These cells, are absolutely dependent on
interleukin-2 (IL-2) for their growth and survival,
although they cannot produce this cytokine them-
selves [29].

Therapeutic interventions which selectively
increase Treg numbers or function would therefore
appear to have tremendous potential in type 1
diabetes, but how can Tregs specific for pancreatic
antigens be generated? [30].

Immunology of type 1 diabetes (Recapitulation):

In the beginning of the autoimmune process
against pancreatic beta cells, three or more antigens
may be present, but at the end, there are endless
antigens which are activating the process. The
greater the beta cell lesion, the more antigens are
expressed, which will reactivate the process. This
explains the natural history of TLADM: A preclin-
ical stage characterized by a succession of relapses
and remissions with interrelation between regula-
tory T cells (T-regs) and effectors cells, and regen-
eration of beta cells up to the moment when the
percentage of beta cell destruction would no longer
allow a proper insulin secretion, resulting in the
expression of hyperglycemia [31].

After presenting the antigen by the macrophages
to T lymphocytes, at least four types of answer
may be induced in the immune system: Th1l (cel-
lular immune response), Th2 (humoral immune
response), Thl7 (cellular immune response poten-
tialization) and T-regs (which take the control of
immune cellular reactions). Nowadays, T 1 DM is
considered a T-reg disease, both by its decrease or
by its function alteration (e.g., T lymphocytes of
Th1 response with Th17 which do not obey the
regulation of T-reg cells). Thiswas confirmed by
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the publication of TADM cases in individuals who
did not produce antibodies through congenital
agamaglobulinemia. In such individuals, the Th2
response was absent and thus there was no antibody
production [32].

The anti-islet antibodies circulating also express
the inflammatory lesion taking place in the pancre-
as. In TIADM the most studied autoantibodies are
classical anti-islet, glutamic acid decarboxylase
antibodies (GADA), anti-tyrosine-phosphatase
(IA2/ICA512) antibodies and anti-insulin autoan-
tibodies. The presence of autoimmunity against
the pancreatic idetsis considered when the indi-
vidual has one or more antibodies persistent for at
least 3 to 6 months [23].

Apoptosis of CD4+CD25 T Cellsin Type 1
Diabetes:

Y et it has been demonstrated that thereisin-
creased apoptosis of Tregsin recent-onset T1D
subjects and in subjects at-risk for T1D. This
increase in Treg apoptosis was found to correl ate
with a decline in suppressive potential of these
cells. The fact that both hyperglycemic T1D sub-
jects and normoglycemic at-risk subjects showed
this phenomenon suggests that Treg apoptosisis
more a precursor to, rather than a consequence of
diabetes [33].

IL-2, aT-cell growth factor, apart from its effect
on Treg activation, there is strong evidence sup-
porting arole for IL-2 in the devel opment and/or
function of Tregs. It is understandable that effector
T-cells control Treg development and function by
secreting several cytokines, including IL-2 and
Thereis evidence for an imbalance in cytokine
secretion from effector cellsin T1D [34].

T regulatory cell therapy:

The discovery of the cells which are involved
in B-cell destruction in the pancreas and ways in
which they might be inhibited by antigen-specific
Treg cells paved the way to trials of using these
cellsin the treatment of diabetes. Pancreatic B-
cells can be killed by effector cells which have
been activated in the pancreatic draining lymph
node. The mechanisms by which effector cells can
kill B-cellsincludes an MHC class| restricted
cytotoxicity by CD8+ T cells, FAS/FASL interac-
tion by both CD4+ T cellsand CD8+ T cellsand
also cytokine-mediated destruction. Treg cells can
inhibit these processes through the production of
cytokines such asIL-10 and TGF- 3. IL-10 secretion
by Treg cells may aso influence DCs such that
they become tolerogenic [35].
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Induction of Tolerance in Type 1 Diabetes via
Both CD4-CD25-T Regulatory Cellsand T Regu-
latory Type 1 Célls:

It was reported that rapamycin combined with
interleukin (IL)-10 blocks type 1 diabetes devel -
opment and induces long-term immune tol erance.
Rapamycin mediates accumulation in the pancreas
of suppressive CD4-CD25- FoxP3-Tr cells, which
prevent diabetes. I1L-10 induces Treg-type 1 (Treg 1)
cells, which reside in the spleen and prevent mi-
gration of diabetogenic T-cells to the draining
lymph nodes. These two Treg cell subsets act in
concert to control diabetogenic T-cells [36].

The Effector T Cells of Diabetic Subjects Are
Resistant to Regulation via CD4_FOXP3__Regu-
latory T Célls:

In vitro assays using regulatory (Treg) and
responder effector (Teff) T cells have shown that
suppression isimpaired in diabetic subjects. It was
established that in type 1 diabetes (T1D) individuals
similar levels of impaired suppression were seen,
irrespective of whether natural (nTreg) or adaptive
Treg (aTreg) were present. It was later found that
the aTregs from T1D subjects function normally
in the presence of control Teff, and that the T1D
Teffwere resistant to suppression in the presence
of control aTreg. Thus,Schneider [37] concluded
thatthe “ defective regulation” in T1D is predomi-
nantly due to the resistance of responding T cells
to Treg and is a characteristic intrinsic to the T1D
Teff.

In this context, Peluso [38] indicated that the
mechanisms by which these Teff populations evade
suppression have been attributed to multiple factors
including the production of cytokines that impede
Treg function or changes intrinsic to the Teff.
Several different cytokines have been shown to
impair Treg function these include: TNF, IL-4, IL-
6, IL-12, IL-7, IL-15 and recently, IL-21.

In addition, cell intrinsic resistance to suppres-
sion has been shown to be present in the CD4
memory and Th17 T cells though the mechanisms
are yet unknown. One study demonstrated that the
level of cell surface glycosylation can influence
the sengitivity of Teff to Treg. In another study, it
was found that T1D Teffdo not transfer resistance
to regulation to control Teff in coculture [39].

Uncoupling of Proliferation and Cytokines CD4
CD25 T Cells Compartment:

Strikingly, the CD4+CD25+ compartment from
type 1 diabetic subjects had increased proliferative
capacity that correlated with increases in select
cytokines-1L-17 and TNF- a but not IFN-y. It was
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found that IL-17 and TNF- a from healthy control
subject CD4+CD25- targets can be readily inhibited
by type 1 diabetic CD4+CD25+ cells, suggesting
that IL-17/TNF- a producers within the CD4+
CD25+ population in type 1 diabetes are particu-
larly resistant to suppression [40].

Honkanen [41] stated that future studies deter-
mining the stability of Foxp3 expression, using
measures of Foxp3 methylation, and its relationship
to IL-17 production in the type 1 diabetic CD4+
CD25+ population will be important. IL-17 isthe
subject of intensifying study in type 1 diabetes.
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