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Abstract

Type 1 diabetes mellitus (T1DM) is an autoimmune disease
characterized by a T-cell-mediated destruction of the
pancreatic B cells. Several environmental factors have been
proposed as candidate triggers for TLDM, considering that a
genetic predisposition alone is not sufficient to explain the
increasing incidence rates over the past decades. This
organ-specific autoimmune disease is the consequence of
multifactorial processes involving dysregulation of the
innate and adaptive immune systems that lead the body to
damage insulin-producing B cells. In this review, we
reported the contribution of innate immune receptors in
modulating the pathogenic lymphocyte responses in TIDM
development, with a particular emphasis to NLRP3, which
can be considered as a potential therapeutic target to treat
T1DM.
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Introduction

Type 1 diabetes mellitus (TIDM) is an autoimmune disease in
which the insulin-producing pancreatic B cells are damaged by
the immune system. The incidence of TIDM is increasing at fast
rates in many developed countries. The sharp rise can be
explained by a complex interaction between genetic
susceptibility and environmental factors [1]. Therefore, several
environmental factors, such as viral infections, food products
and gut microbiota have been proposed as potential triggers of
the disease [2,3].

There are several lines of evidence demonstrating that TIDM
can be triggered by viral infection, which can cause direct B cell
death and apoptosis as a result of local inflammation, molecular
mimicry or cross reactivity with viral epitopes [4]. Although
several viral infections have been implicated in the progression

of T1DM, particular enteroviruses have been isolated from
patients newly diagnosed with the disease. In human T1DM,
increased TLR3 expression occurs in mononuclear cells that
infiltrate pancreatic islets [5]. It was suggested that innate
responses induced by enterovirus are sensed by TLR3, promote
inflammatory pathway activation and result in B cell destruction.
However, deficiency of TLR3 does not interfere in spontaneous
T1DM development in the non-obese diabetic (NOD) mouse [6].
Conversely, TLR3 plays a fundamental role in virus-induced
TIDM in NOD and C57BL/6 mice [7,8]. Additionally, TLR7
signaling induced by viral RNA or synthetic ligand can initiate
pathogenic lymphocyte activation and precipitate diabetes in
NOD mice [9,10].

In addition to viral products, endogenous ligands, released
after the process of death or cellular damage, may also activate
the innate immune system and drive the adaptive immune
response in T1DM. This hypothesis is reinforced by the
occurrence of marked B cell apoptosis prior to the onset of the
insulitis process in NOD mice, with subsequent conversion into
cells exhibiting necrotic signals [11]. Thus, delayed clearance and
subsequent accumulation of apoptotic cells appears to be one of
the inducing mechanisms of TIDM. In fact, apoptotic cells
undergoing secondary necrosis are able to activate antigen
presenting cells (APCs), which in turn stimulate pathogenic T
lymphocytes through a TLR2-dependent mechanism in T1DM
[12]. Accordingly, higher expression of high mobility group box 1
(HMGB1), an inflammatory endogenous trigger, was found in the
cytoplasm of islet cells in diabetic NOD mice compared with
non-diabetic mice [13]. HMGB1 may act through TLR4 and
directly damage B cells during TIDM progression. In addition,
the use of monoclonal antibody to TLR4/MD-2 (TLR4-Ab)
reversed genetically-induced TIDM in NOD mice, by a
mechanism dependent on induction of tolerogenic APCs and
expansion of regulatory T cells (Tregs) in both the periphery and
the pancreatic islets [14]. In contrast, TLR4-deficient mice
crossed with NOD mice (TLR4/NOD) develop accelerated T1DM
compared to wild-type NOD mice [15,16].
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TLR9 recognizes unmethylated CpG DNA present in bacteria,
viruses and in mammalian cells. TLR9 is mainly located in the
endoplasmic reticulum membrane, endosomes and lysosomes
of several immune cells [17,18]. In the TIDM model induced by
streptozotocin  (STZ), administration of a CpG-containing
oligodeoxynucleotide (TLR9 agonist) marked ameliorates the
disease. In accordance, mice lacking TLR9 develop a more
profound disease associated with lower indoleamine 2,3-
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dioxygenase (IDO) expression in pancreatic lymph nodes (PLNs)
[19]. In contrast, TLR9-deficient mice crossed with NOD mice
(TLR9/NOD) are protected from T1DM development [20]. In
addition, the resistance observed in TLR9/NOD mice is mediated
by lower IFN-oc expression and decreased number of
diabetogenic CD8 T cells in PLNs [21]. Overall, TLR9 may either
function as a protective or a pathogenic signal in T1DM
development (Figure 1).
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Figure 1: Innate immunity activation during type 1 diabetes (T1DM) pathogenesis. Several environmental factors have been
proposed as potential triggers of TIDM, like viral infections, food components and gut microbiota. Virus and gut microbiota
contains products named pathogen-associated molecular patterns (PAMPs), which are able to activate innate immune receptors
such as Toll-Like receptors (TLRs). The activation of these receptors in macrophages or dendritic cells (DCs) activates the
downstream TRIF and MyD88 signaling pathways, induces the translocation of transcription factors NF-kB or IRFs and production
of inflammatory cytokines and type 1 interferons (type 1 IFNs). Type 1 IFNs are important to priming and proliferation of T CD8
lymphocytes, which contribute to insulin-producing B cell damage in the pancreatic islets. Recently, our group demonstrated that
the activation of NLRP3 receptor by mitochondrial DNA (mDNA) from pancreatic tissue of diabetic mice promotes the prolL-1B
cleavage and active IL-1B expression through a mechanism dependent on caspase-1, and results in robust Thl and Th17
lymphocyte responses in the pancreatic lymph nodes, contributing to TIDM onset.
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NLRP3 is an important component of the inflammasome, a
protein complex that contains NLRP3, apoptosis-associated
speck-like protein (ASC) and caspase-1 [22,23]. NLRP3 activation
leads to oligomerization and recruitment of ASC and pro-
caspase-1, which mediates autocleavage and activation of
caspase-1. These protein complexes are responsible for the
innate immune response activated by pathogen-associated
molecular patterns (PAMPs) or damage associated molecular
patterns (DAMPs) [24]. Although caspase-1 or IL-1B deficiency
does not protect NOD mice from T1DM [25,26], a recent study
showed the importance of NLRP3 inflammasome in the
pathogenesis of TIDM in NOD mice [27]. The protection
observed in NLRP3-deficient mice is attributed to reduced T cell
activation, Thl differentiation and migration of pathogenic T
cells to pancreatic islets through chemokine receptors CCR5 and
CXCR3 expression [27].

Our group demonstrated that mitochondrial DNA (mDNA)
isolated from diabetic mice displays an intrinsic capacity to
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activate NLRP3 inflammasome in macrophages. Furthermore,
increased expression of mDNA-related genes is detected in
serum of diabetic mice. Also, mDNA administration induces
IL-1B production associated with the induction of pathogenic
lymphocytes in the PLNs, which facilitates the effect of STZ to
induce T1DM onset [28]. Interestingly, recent genetic studies
indicate that polymorphisms in inflammasome genes contribute
to T1IDM predisposition and that a coding polymorphism in
NLRP1 confers susceptibility to TIDM [29]. Furthermore, two
single-nucleotide polymorphisms in NLRP3 were identified as a
risk factor for TLDM [30]. Thus, our data suggest that the NLRP3-
mDNA axis may represent a valuable target in the prevention/
therapy of TIDM.

Conclusion

T1DM is a highly prevalent autoimmune disease that is
triggered by both genetic and environmental factors. Although
pancreatic B cells apoptosis appears to be the last event in the
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development of T1DM, the initial triggers are still unknown.
However, strong evidence suggests that the release of PAMPs or
DAMPs from B cells may be sensed by innate receptors on
myeloid cells like macrophages and dendritic cells, and shape
the pathogenic adaptive immunity, which in turn contributes to
T1DM onset. These findings regard them as putative targets in
the prevention or treatment of TIDM pathogenesis.
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