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The major susceptibility genes to T1DM are located mainly in HLA
region. In addition to HLA, many genes, such as human insulin gene
(INS), cytotoxic T-lymphocyte-associated protein 4 (CTLA4) and PTPN22,
also contribute to the risk of T1DM. The mechanisms involved in the
β-cell destruction in T1DM are complex. The main feature of this disease
is lymphocytic infiltration or inflammation in pancreatic islets insulitis
causes destruction of the insulin producing β-cells. The main defects
in type 1 diabetes are presence of autoantigens and abnormalities in
immune cells. This review outlines the molecular and immunological
mechanisms mediate destruction of the pancreatic β-cells.
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INTRODUCTION
One of the most widely c complex genetic disorders is type 1 diabetes (T1DM), which is typically caused by autoimmune
destruction of β-cells in pancreas and results in insulin deficiency [1]. The major susceptibility genes to T1DM are located mainly
in HLA region. In addition to HLA, many genes, such as human insulin gene (INS), cytotoxic T-lymphocyte-associated protein 4
(CTLA4) and PTPN22, also contribute to the risk of T1DM [2].T1DM is characterized by a specific adaptive immunity against β-cell
antigens. The mechanisms involved in the β-cell destruction in T1DM are complex and still not clear. However it is generally believed that β-cell auto antigens and immune cells are involved in this autoimmune disease. The main feature of this disease is
lymphocytic infiltration or inflammation in pancreatic islets called “insulitis.” Insulitis causes destruction of the insulin producing
β-cells, resulting in diabetes [3]. This review outlines the molecular and immunological mechanisms mediate destruction of the
pancreatic β-cells.

MOLECULAR MECHANISMS IN T1DM
Human leucocyte antigen (HLA)
HLA region on chromosome 6p21 is a critical susceptibility locus for many human autoimmune diseases, including T1DM
(Figure 1) [4]. There are two combinations of HLA genes are of particular importance; DR3-DQ2 and DR4-DQ8 [5]. The genotype
combining the 2 susceptibility DR4-DQ8and DR3-DQ2 is contributes the highest risk of T1DM and is most common in children [6].
In addition, it has been estimated HLA region particularly HLA class II genes encoding DQB1 and DRB1 provides up to 40: 50% of
the familial aggregation of T1DM [7]. The mechanisms by which the HLA class II genes confer susceptibility to β-cells destruction
are might through the binding of peptides derived from proinsulin, insulinoma- associated antigen 2 (IA-2), glutamic acid decarboxylase (GAD), and zinc transporter 8 (ZnT8) to antigen-presenting cells (APCs) [8]. Furthermore, other loci in HLA region including
alleles of class I HLA-B, MHC class I chain related gene A (MICA) and class III genes have been associated in T1DM susceptibility [9].
Human insulin gene (INS)
The human insulin gene (INS) is located on chromosome 11p15.5, which consists of 3 exons and 2 introns [9]. These exons
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are code for the signal peptide, the β-chain, C-peptide, and the α-chain of the insulin molecule [10]. Not surprise that the mutations
in the insulin region could contribute to T1DM susceptibility [11]. The tandem repeats (VNTRs) in the INS gene are originated in
three forms, class I, II and III alleles [12]. There is a higher occurrence of class I alleles in individuals with T1DM, whereas protection
from T1DM is associated with the class III allele [13]. The mechanism of VNTRs in the INS gene affect the risk of T1DM is unknown.
It has been shown that the VNTRs can regulate insulin messenger RNA (mRNA) transcription in the pancreas and thymus [2]. Fur

Figure 1: Molecular mechanisms of β-cell death in type 1 diabetes mellitus.

thermore, it has been established that class I alleles are associated with higher INS expression in the pancreas when compared
with class III alleles, but the contrasting is true in the thymus where class I alleles are expressed at 2–3-fold lower levels [14].
Cytotoxic T-lymphocyte antigen (CTLA-4) gene
The CTLA-4 gene is located on chromosome 2q33 and encodes a co-stimulatory molecule that is expressed on the surface
of activated T cells [15]. The CTLA-4 molecule, together with CD28 (co-stimulatory molecule expressed on the surface of resting and
activated T cells), plays an important role in the T-cell response to antigen presentation [16]. Pervious study proved that, changes
in expression of CTLA4 can increase T cell self-reactivity and may lead to develop T1DM [17]. It has been proved the role of this
molecule in susceptibility to T1DM [17].
Protein tyrosine phosphatase N22 gene (PTPN22)
The protein tyrosine phosphatase N22 gene (PTPN22) encodes a lymphoid-specific phosphatase (LYP) which is considering
an important down-regulator of T cell activation [18]. LYP is mainly expressed in T cells and plays important role in inhibiting T cell
receptor (TCR) signaling by dephosphorylation of three kinases in the TCR signaling pathway [2]. In addition, LYP interacts with Cterminal Src tyrosine kinase (Csk) to down-regulate T cell activation [19]. A PTPN22 polymorphism, C1858T, was found associated
with T1DM in different Caucasian populations [18].
Interleukin-2 alpha chain receptor (IL2RA)
It has been reported that the interleukin 2 receptor alpha (IL2RA) region on chromosome 10p15 was associated with T1DM
. Form the three genes involved in IL-2 signaling, the IL2RA subunit was the first one to be found associated with T1DM [21]. This
gene codes for the α-subunit of the IL2 receptor, similarly known as CD25, and it is one of the markers that define regulatory T
cells [22]. CD25 is responsible for binding of IL-2 and plays a role in the proliferation of regulatory T cells. It has been established
that, the mutations in CD25 may potentially lead to the development of autoimmunity [2].
[20]

Small ubiquitin-like modifier 4 (SUMO4)
SUMO4 protein is encoded by the SUMO4 gene located at chromosome 6q25 [23]. SUMO4 gene has been found to be involved in immune responses including autoimmunity and inflammation through NF-κB regulation and heat shock transcriptional
factor activation [24]. A common single nucleotide polymorphism encoding a methionine-to valine substitution at codon 55 (M55V)
has been identified in SUMO4 gene [25]. This substitution results a significant reduction of sumoylation capacity and higher NFκB activity as well as elevated secretion of IL12B [26]. The transcription factor NF-κB has a central regulatory role in the immune
response and is involved in the development of autoimmune diabetes [27].
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STAT
Pervious study has found polymorphisms in signal transducers and activators of transcription STAT to be associated with T1DM [28].
STAT4 is expressed in activated peripheral blood monocytes cells (PBMCs), dendritic cells (DCs), and macrophages at sites of inflammation [29]. STAT4 is involved in the signaling of IL-12 and γIFN, as well as IL-23 and plays a key role in the IL-12-induced differentiation of T
cells [30]. STAT4 may also be involved in the production of IL-17 by Th17 cells, in response to IL-23 (Th17 pathway) [30].
IFIH1
Unlike HLA class II genes, which strongly influence the risk for developing islet autoantibodies , association of the IFIH1 gene was
limited to the progression to diabetes after development of islet autoimmunity [31]. The IFIH1 gene encodes helicase C domain 1, which
mediates stimulation of the interferon response to viral RNA [32]. The association of IFIH1 polymorphisms including rare variants with
T1DM has been notable because of their link to the inflammatory response caused by infectious agents, including enteroviruses [33].

IMMUNOLOGICAL MECHANISMS IN T1DM
Autoantigens in T1DM
The main autoantigens are associated with β-cell components, including insulin, glutamic acid decarboxylase (GAD), islet
cell antigen-2n (IA-2) and zinc transporter 8 (ZnT8) (Figure 2) [34,35].

Figure 2: Immunological mechanisms of β-cell death in type 1 diabetes mellitus.

Insulin
Insulin is the first antigenic target discovered during the early progression of diabetes [36]. Autoantibodies to insulin are found in 5070% of type 1 diabetic children and are the first sign of an ongoing autoimmune process [37]. Studies of multiple countries have reported
that insulin autoantibody (IAA) play an important role in diabetes prediction [38]. Previous study represented that, transgenic expression
of mouse proinsulin II under a MHC class II gene inhibit the development of diabetes in non-obese diabetic (NOD) mice [39]. In addition,
other experiments have shown that mucosal administration of insulin prevents the onset of diabetes in the NOD model of diabetes [40,41].
These results suggest that insulin autoantigen plays an important role in the development of T1DM.
Glutamic acid decarboxylase (GAD)
The enzyme GAD plays important role in neurotransmission within the central nervous system which is also released in pancreas [42]. GAD is present in two isoforms, GAD-65 and GAD-67, which are the products of two different genes and differ substantially only at their N-terminal regions [43]. Previous study represented that sera from T1DM patients was found to precipitate a GAD
[44]
. Only GAD-65 is expressed in the β-cells of human islets, the autoantibody response is primarily to this isoform, and GAD-67
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antibodies add little to the detection of T1DM [45]. The percentage of GAD-65 antibody is found in 70-75% of T1DM patients and
1-2% of healthy individuals [46].
Islet cell antigen IA-2
IA-2 and IA-2b have a high degree of homology and are located in secretory granules [44]. IA-2 and IA-2b are members of
the protein tyrosine phosphatase family and are considered to be major autoantigens of T1DM [44]. Pervious study revealed that
about 65% of diagnosed T1DM patients have autoantibodies to IA-2 and between 35% and 50% of type 1 diabetic patients have
autoantibodies to IA-2b [47].
Zinc transporter 8 (ZnT8)
ZnT8 is an islet β-cell secretory granule membrane protein recently identified as an autoantibody antigen in T1DM [48]. It is
highly β-cell specific unlike GAD and IA-2 [48]. Pervious experiment represented that, ZnT8 was targeted by autoantibodies in 60–
80% of onset T1DM [35]. Unlike GAD and IA2, ZnT8 is highly β-cell specific, thus ZnT8 antibodies measurements may be useful in
monitoring islet destruction [35].
Islet-specific glucose-6-phosphatase catalytic subunit-related protein (IGRP)
IGRP is a putative enzyme that is specifically expressed in the islets of Langerhans, where it is localized predominantly in
insulin-producing β-cells [49]. IGRP) is recognized as a major autoantigen for autoimmune type 1 diabetes [50]. The precise role of
IGRP in human T1DM is unclear. The T1DM susceptibility locus IDDM7 was mapped within the IGRP locus, suggesting the possibility that IGRP is a disease susceptibility gene [51].
Pancreatic Duodenal Homeobox Protein 1 (Pdx1)
Pdx1 is a key transcription factor involved in the regulation of insulin gene expression that is expressed at high levels in the
β-cells of the pancreatic islets [52]. Pdx1 and its critical roles in pancreatic development and maintenance of beta cell function [53],
the promotion of beta-cell regeneration [54], prevention of beta-cell apoptosis [55], and reprogramming of non-pancreatic cells to
become insulin-producing cells [56].
Chromogranin A (ChgA)
ChgA is highly expressed in human pancreatic cells, and the human form of WE14 peptide has a sequence that is nearly
identical to that of the mouse form [57]. Furthermore, the similarity between I-Ag7 and the human HLA-DQ alleles associated with
type 1 diabetes [58] in the binding and presentation of peptides suggests that WE14 may be presented by MHC class II molecules
in humans susceptible to type 1 diabetes. This idea is worth pursuing.
Immune cells
Many immune cells such as T cells, B cells, NK cells, APCs and other innate immune cells participate in the damage of pancreatic β cells, which eventually lead to T1DM [49].
CD8+ T cell
CD8+ T cell-mediated β-cell killing is a major mechanism of β-cell destruction [50]. The key factors that can lead to β-cell death
are cytotoxic CD8+ lymphocytes secreting perforin, cytokines IFN-c, TNF-a, IL-1b, Fas–Fas-L interactions and nitric oxide synthesis [51].
Furthermore, in the majority of T1DM patients, there was a specific defect in CD8+ T cell recognition of HLA-E/Hsp60sp, which was associated with failure of self/non-self-discrimination [52]. In addition, other study revealed that CD8+ T cell were found in insulitic lesions
in NOD mice and in human, and can destroy β-cells upon activation via MHC class I expressed on pancreatic β-cells [53].
CD4+ T lymphocytes
CD4+ T cells can be classify into type 1 T helper (Th1), Th2, Th17, regulatory T cells (T-regs) and so on according to their
secretion of cytokines. Th1 cytokines are generally believed to exacerbate, while Th2 cytokines protect from T1DM [49]. However,
many studies indicated that both Th1 and Th2 cytokines appear to cooperate in driving β-islet-cell destruction, eventually leading
to hyperglycaemia [54]. Th17 are a subset of T helper cells producing IL-17. Increased production of IL-17 by peripheral blood T cells
has been detected in children with T1DM [55].
Macrophages
Many studies on NOD mice have establish that CD4+ T cells act primarily through activating these cells [56], and that preventing their entry into the islets protects from diabetes [57]. In animal studies, macrophages could play a pathogenic role on β-cells
through their production of proinflammatory cytokines TNF-α and IL-1β [58]. In addition, macrophages are required to the activation
of cytotoxic T cells that can destroy pancreatic β-cells [59].
Dendritic cells
Dendritic cells (DCs) are important antigen presenting cells (APCs) that are instrumental to the initiation and prolongation of
T1DM. Observations in T1DM patients suggested dysregulation in the T cell response to antigen presentation by DCs [3]. DCs play
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a major role in T-regs control, which able to induce potent proliferation of T-regs in the absence of exogenous IL-2 down-regulate
their suppressive activity in vitro [60]. Cytokines secreted by DCs are considered as critical mediators of the T1DM as well both
IFN-α and IFN-β are secreted in large amounts by plasmacytoid dendritic cells in autoimmune diseases. Expression of interferons
was elevated in the pancreas of diagnosed T1DM patients [61]. IL-1 can also acts on T lymphocyte regulation [62] IL‑1 signaling has
roles in β‑cell dysfunction and destruction via the NF-jB and mitogen-activated-protein- kinase pathways, leading to endoplasmic
reticulum and mitochondrial stress and eventually activating the apoptotic machinery [62].
Regulatory T cells (Tregs)
Regulatory T cells (Treg cells) play a key role in controlling the pathogenic autoimmune process in T1DM [63]. Tregs are suppressors of antigen-activated immune responses to self and non-self-antigens [64]. In T1DM patients, it was stated that there was
increased apoptosis, and consequently, reduced viability and function of the T-regs [65]. In addition, injecting islet-specific Treg cells
can reverse established diabetes in NOD mice [66]. Interleukin 2 (IL-2), a cytokine which promotes Treg cell survival and function,
may thus have therapeutic ability in T1DM [63].
Natural killer cells (NK)
NK cells are potentially involved in onset of T1DM, given their ability to kill target cells and to interact with APC and T cells.
NK cells are a major source of IFN-γ which consider, a key proinflammatory cytokine [67]. The previous studies have shown a reduction in the occurrence of NK cells in patients with T1DM, and a reduced surface expression of the activating receptors NKp30 and
NKp46 as well as lower mRNA levels of IFN-c and perforin in NK cells of patients with long-standing T1DM [68]. In addition, animal
studies showed that, proliferating and activated NK cells were detected only in the early prediabetic infiltrates [69]. Most pancreatic
NK cells of NOD mice became hyporesponsive at the later stages of T1DM, as reflected by diminished cytokine secretion, and
reduce capacity to degranulate in response to antibodies specific for activating receptors [70].

SUMMARY
In this review, we have summarized current molecular and immunological mechanisms involved in developing of type 1 diabetes mellitus. Among the molecules mechanisms contribute to the risk of T1DM, HLA gene, human insulin gene (INS), cytotoxic
T-lymphocyte-associated protein 4 (CTLA4), and PTPN22. The immunological mechanisms contribute β-cells death, autoantigens
which include insulin, glutamic acid decarboxylase (GAD), islet cell antigen-2n (IA-2) and zinc transporter 8 (ZnT8). Also, many immune cells such as T cells, B cells, NK cells, APCs and other innate immune cells participate in the damage of pancreatic β cells,
which ultimately lead to T1DM.
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