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Type 1 diabetes (T1D) is a common multifactorial autoimmune dis-
ease resulting from the destruction of insulin-producing B-cells in the
pancreas as a consequence of dysregulated immune responses.? In
the past few years, there has been a flurry of discoveries and ad-
vancements in our understanding of the immunopathogenic mecha-
nisms at the basis of T1D development and progression. Despite
genetic predisposition to T1D being considered a key risk factor,
exogenous agents are now extensively thought to be responsible for
the recent increase in the disease.! Accumulating evidence strongly
supports the role of viral infections in the pathogenesis of autoim-
mune diabetes as one of the initial determinants that trigger B-cell
destruction by autoreactive T lymphocytes.’? In particular, the cox-
sackievirus B (CVB) is increasingly recognized as a smoking gun for
T1D development.! While research studies point to a role of the
adaptive immune response in T1D pathogenesis, with the prevalent
view that cytotoxic T cells are directly involved in the tissue damage,
there is growing appreciation that innate immunity is critical for
initiating the early events leading up to the autoimmune process
upon viral infections.>* Innate immune cells physiologically reside in
the endocrine pancreas where they recognise pathogens and give rise
to the sequel of primary immune responses to warrant microbial
clearance and tissue homoeostasis.” Nevertheless, it is possible that
defects in sensing viruses, associated with impaired host immune
responses, trigger B-cell autoimmunity in genetically susceptible in-
dividuals. In support of this concept, a recent study by Pedersen and
co-workers revealed that single-nucleotide polymorphisms in genes

of the innate anti-viral immune system are associated with T1D
onset.® In particular, these researchers observed that multiple IFN-
stimulated genes, such as the 2'-5' oligoadenylate synthetase family
of genes, are elevated in new-onset T1D, thus might cause inflam-
mation in the islets and progression to diabetes.® In this context, it is
possible to hypothesise that persistent pancreatic infections by T1D-
related viruses could burst the innate cell responses, promoting the
activation of self-reactive T lymphocytes, which in turn initiate or
accelerate disease progression.

The innate immune system encompasses different cellular com-
ponents, including dendritic cells (DCs), macrophages, and natural
killer (NK) cells, that accumulate in the pancreas during the pro-
gressive phases of T1D> (Figure 1). Herein, conventional dendritic
cells display a pivotal role in inducing T1D upon pathogen infections
as these cells can capture and present B-cell-derived proteins and/or
viral antigens, initiating the diabetogenic T cell-specific immune
response’ (Figure 1). Although plasmacytoid DCs (pDCs) have a low
antigen-presenting capability,® they also participate in T1D devel-
opment; indeed, pDCs detect viral RNA or DNA through Toll-like
receptors (TLRs) and secrete huge amounts of interleukin (IL)-12,
interferon (IFN)-a, and chemokines, sustaining the inflammatory
microenvironment in the pancreatic tissue.® More specifically,
experimental evidence showed that infection by CVB4 stimulated
pDCs to produce IFN-a by engaging intracellular binding TLR7, which
favours the differentiation of IFN-y-producing CD4" T helper (Th)1
cells in T1D subjects’ (Figure 1).
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FIGURE 1 Schematic representation of the pathogenic interplay among viral infection, innate immune cell response and T cells in type 1
diabetes (T1D). Upon infection by coxsackievirus B4 in pancreatic tissue, the innate cells (i.e., macrophages, dendritic cells [DCs], and natural
killer [NK] cells) activate the anti-viral immune response by producing several pro-inflammatory cytokines and direct kill the infected cells.
DCs present B-cell-derived proteins and/or viral antigens to autoreactive T cells. MHC, Major Histocompatibility Complex; TCR, T Cell

Receptor.

Pioneering studies in a non-obese diabetic mouse model have
demonstrated that macrophages also strongly contribute to the
establishment of a pro-inflammatory microenvironment, which
sustains the activation of islet-specific autoreactive T lymphocytes®
(Figure 1). As a relevant example, upon CVB4 infection, B-cells
upregulated the surface markers of cellular stress (e.g., death re-
ceptor 4) and are engulfed by resident macrophages, with conse-
quent production of pro-inflammatory cytokines and the
presentation of pancreatic self-antigens? (Figure 1). An additional
mechanism through which macrophages contribute to T1D devel-
opment includes the production of IL-1B, tumour necrosis factor
(TNF)-a, and reactive oxidation species, which directly destroy
virus-infected B-cells with the subsequent spread of intracellular
epitopes.?>1® These cytokines, together with type | IFNs, classically
known for interfering with the viral infection, have been implicated

in the early stages of T1D autoimmunity by further enhancing IL-1B
and IL-18 production by macrophages.’ In this regard, recent
experimental evidence revealed that in vivo inactivation and/or
deletion of the type | IFN pathway in macrophages can prevent
T1D onset,'* supporting the key pathogenic role of this innate
immune pathway in T1D development.

Other crucial players of the innate immune system influencing
T1D pathogenesis are NK cells, the main lymphocyte subset that
confers early protection against viruses, by killing infected cells.
Indeed, it has been shown that autoimmunity against pancreatic islets
can also originate from the direct cytolytic activity of NK cells towards
B-cells persistently infected with CVB4'® (Figure 1). Furthermore, -
cell apoptosis mediated by NK cells leads to epitope spreading, which
together with IFN-y production triggers the activation of self-reactive
T cells.> Notably, additional studies have reported a low frequency of
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NK cells, aberrant signalling of their activation receptor NKG2D and
impaired cytolytic activity, especially towards pancreatic B-cells
persistently infected with CVB4.'®> As a hypothesis, defective cyto-
toxicity of NK cells towards CVB4-infected cells might contribute to
the persistence of the virus, thus triggering T1D development.'®

In this Commentary, we highlighted the importance of the
interplay between innate immunity and viral infections as a key piece
in the complex puzzle of T1D etiopathogenesis. The biological rele-
vance of the proposed model is reinforced by several findings and
observations suggesting an increased rate of T1D during the recent
COVID-19 pandemic due to the SARS-CoV-2 infection.'®” Consis-
tently, the findings by Kendall and colleagues revealed a high risk of
T1D development among infected subjects with SARS-CoV-2, espe-
cially at 1, 3, and 6 months after COVID-19.%® Although no studies
have investigated at the mechanistic level the impact of SARS-CoV-2
on innate immune cell functions in T1D, it is reasonable to
hypothesise that altered inflammatory/innate responses contribute
either directly or indirectly to pancreatic damage and subsequent
autoimmune diabetes development.

Nowadays, researchers have explored many aspects concerning
the pathogenic link between infection and anti-viral innate immunity
in T1D; however, one of the key questions that remain to be
addressed is why in some individuals the innate immune cell re-
sponses are inefficient in maintaining pancreatic immune homoeo-
stasis. Possible explanations could rely on several inter-individual
differences, such as (i) the presence of genetic susceptibility HLA
haplotypes, (ii) expression of specific immune-related gene signatures
(i.e, IFN, IFIH1, and TYK2),* and (iii) the altered crosstalk between
innate immune cells and infiltrated autoreactive T lymphocytes.

Knowledge of the mechanisms and consequences of virus
persistence in the initiation and progression of T1D may open per-
spectives for developing pharmacological approaches that target
innate immune responses or viruses to halt T1D. In this scenario,
clinical trials targeting innate immunity in T1D individuals have been
carried out in the last few years; these include anti-IL-1 (i.e., Cana-
kinumab, Anakinra, Gevokizumab, or Rilonacept),®”"2 anti-TNF-a

),22 and anti-IL-8 receptor (i.e., Ladarixin)?® treatment.

(i.e., Etanercept
Nevertheless, limited effectiveness of these molecules against B-cell
mass decline has been observed, although short-term transient in-
hibition of the IL-8 receptors improved metabolic control (i.e.,
HbA1c).2® It is possible that at the time of the clinical intervention
(i.e., T1D onset), aberrant innate immune cells have already triggered
specific anti-pancreatic adaptive immune responses. Nonetheless,
heterogeneity in the disease pathogenesis, also due to different T1D
patient endotypes,?* may represent a major barrier to therapeutic
efforts. Thus, it is reasonable to hypothesise that an early interven-
tion direct on innate immunity in autoantibody-positive at-risk sub-
jects or specific vaccination against the major T1D-associated virus
could be helpful to control the disease development.

The requirement for an efficient line of attack against T1D
development is growing; therefore, it is essential to revisit and
explore new approaches beyond the current concepts. Indeed, anti-

viral strategies are now under investigation to prevent or clear

persistent CVB infection?>2®

with a view to halting T1D develop-
ment; however, they are still in the experimental phase or clinical
trials. Overall, preventing the altered anti-viral innate immune
response through specific vaccines and drugs might open new
frontiers of therapy to control and/or prevent autoimmune dia-
betes and would be definitive proof of their causal role in trig-

gering T1D.
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