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ABSTRACT
Type 1 diabetes mellitus (T1DM) is a chronic, progressive autoimmune disease characterized by 
metabolic decompensation often leading to dehydration and ketoacidosis. Viral agents seem to 
play an important role in triggering the autoimmune destruction that leads to the development of 
T1DM. Among several viral strains investigated so far, the enterovirus family has been consistently 
associated with the onset of T1DM in humans. One of the mediators of viral damage is the double-
stranded RNA (dsRNA) generated during replication and transcription of viral RNA and DNA. The 
Toll-like receptor 3 (TLR3) gene codes for an endoplasmic receptor of the pattern-recognition recep-
tors (PRRs) family that recognizes dsRNA, plays an important role in the innate immune response 
triggered by viral infection. Binding of dsRNA to the TLR3 triggers the release of proinflammatory 
cytokines, such as interferons, which exhibit potent antiviral action; thus, protecting uninfected 
cells and inducing apoptosis of infected ones. Therefore, the TLR3 gene is a good candidate for the 
development of T1DM. Within this context, the objective of the present review was to address the 
role of the TLR3 gene in the development of T1DM. Arch Endocrinol Metab. 2015;59(1):4-12

Keywords
Autoimmunity; type 1 diabetes mellitus; viral infection; Toll-like receptor-3 (TLR3)

1 Laboratory of Biology of Human 
Pancreatic Islet, Endocrinology 
Division, Hospital de Clínicas 
de Porto Alegre, Universidade 
Federal do Rio Grande do Sul 
(UFRGS), Porto Alegre, RS, Brazil
2 Post-graduate Program in 
Medical Sciences: Endocrinology, 
UFRGS, Porto Alegre, RS, Brazil

Correspondence to:
Daisy Crispim
Rua Ramiro Barcelos, 2350,
prédio 12, 4° andar
90035-003 – Porto Alegre, RS, Brazil
dcmoreira@hcpa.ufrgs.br

Received on Jan/1/2014
Accepted on June/29/2014

DOI: 10.1590/2359-3997000000003

INTRODUCTION 

T ype 1 diabetes mellitus (T1DM), which accounts 
for 5-10% of all cases of diabetes, is characterized 

by severe autoimmune destruction of insulin-produc-
ing beta-cells in the pancreas by T lymphocytes and 
macrophages infiltrating the islets of Langerhans. Con-
sequently, subjects with T1DM are usually dependent 
on insulin injections for life (1). 

Inflammation of the islets (insulitis) probably deve
lops within a context of a “dialog” between immune 
cells and pancreatic beta-cells. This dialog is mediated 
by cytokines and chemokines, which are released by 
immune cells and beta-cells, as well as by other immu-
nogenic signals delivered by dying beta-cells. This may 
lead to induction and amplification of the inflammatory 
process, but in some cases, may lead to the resolution 
of insulitis (2). Furthermore, the course of beta-cell 
inflammation and its potential progression to clinical 
T1DM depend on a complex interaction between a 
strong genetic component and a diversity of environ-
mental triggers (3,4). 

Among the several loci associated with T1DM, the 
human leukocyte antigen (HLA) class II locus is un-
doubtedly the leading genetic risk factor for T1DM, 
accounting for 30-50% of the genetic risk for this disea
se (5). Other genes are associated with minor effects 
on T1DM risk when compared with HLA, such as the 
insulin gene, the cytotoxic T-lymphocyte associated 
protein 4 (CTLA4) gene, the protein tyrosine phospha-
tase, nonreceptor type 22 (PTPN22) gene, and other 
genes discovered through genome-wide association 
studies (GWAS) (5,6).  

Several epidemiologic studies have found that en-
vironmental factors, such as viral pathogens operating 
early in life, seem to trigger the autoimmune destruc-
tion of beta-cells in genetically susceptible subjects 
(7-9). Host defense against invading microbial micro-
organisms is elicited by the immune system, which con-
sists of two components: innate immunity and adaptive 
immunity. Both components of immunity recognize 
invading microorganisms as non-self, thus, triggering 
immune responses to eliminate them (10). 
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Innate immunity is the first line of defense against 
viruses, bacteria and fungi. Detection of viruses or 
other invading microorganisms is carried out by a wide 
range of cell receptors of the pattern-recognition recep-
tor (PRRs) family, which recognize highly conserved 
pathogen-associated molecular patterns (PAMPs), such 
as the double-stranded RNA (dsRNA) generated dur-
ing the life cycle of most viruses (11,12). Innate im-
mune cells, such as macrophages and dendritic cells, 
kill invading microorganisms through phagocytosis or 
production of cytokines, chemokines and type I inter-
ferons. These interferons (IFNs) have a potent antiviral 
effect, protecting uninfected cells and inducing apopto-
sis of those already infected (13). Moreover, activation 
of innate immunity is an important step in the develop-
ment of an antigen-specific adaptive immune system, 
consisting of B lymphocytes, which produce specific 
antibodies against the invading pathogen, and T lym-
phocytes, which secrete cytokines that will induce elim-
ination of infected cells by exerting cytotoxic effects or 
by signaling B lymphocytes (10,12). 

Many types of PRRs have been identified so far, 
including toll-like receptors (TLRs), nucleotide-bind-
ing oligomerization domain (NOD)-like receptors 
(NLRs) and retinoic acid-inducible gene I (RIG-I)-like 
helicases (RLHs) (13,14). Of these, the most exten-
sively studied are TLRs, which are type I transmem-
brane glycoproteins originally identified in Drosophila 
(11,15). Human homologs are known to comprise at 
least 10 members with different response triggers (16). 
Amongst the human TLRs, TLR3 has been shown to 
respond to dsRNA, a replication product of some virus, 
and it is expressed at high levels in human and mouse 
pancreatic beta-cells and in antigen-presenting dendri
tic cells (2,17). Therefore, TLR3 is a plausible candi-
date gene for T1DM susceptibility. Within this context, 
the objective of the present review was to address the 
role of the TLR3 gene in the development of T1DM.

VIRUSES AND TYPE 1 DIABETES MELLITUS
The hypothesis that viral infections are involved in 
T1DM is based on epidemiological studies and anec-
dotal data (9,18). One of the major observations that 
support a role for viruses in T1DM is that concordance 
rates for T1DM in monozygotic twins are only ~50% 
instead of the expected 100% if the characteristic would 
be explained only by genetic factors. Also, there was an 
increase in the T1DM incidence over the past 50 years 

in many countries, which cannot be explained by al-
terations in genetic risk factors. In addition, migration 
studies show that the incidence of T1DM in offspring 
of subjects who had moved from a low-incidence to a 
high-incidence area is increased compared to the origi-
nal incidence observed in the area of origin. Important-
ly, viruses and virus-specific antibodies can be detected 
in newly diagnosed patients with T1DM (8,18,19). 
Indeed, a number of viruses have been associated with 
T1DM in humans, such as enteroviruses, rubella virus, 
mumps virus, rotaviruses, parvoviruses, and cytomega-
lovirus (18,20). Overall, these data demonstrate a cor-
relation between particular virus infections and human 
T1DM; however, this correlation neither establishes a 
direct link between microbial infections and the disease 
nor provides mechanistic insights into the autoimmune 
process leading to disease (18). 

The best documented correlation between a virus 
and T1DM has been for enteroviruses, non-enveloped 
single-stranded RNA viruses belonging to the picor-
navirus family (8,21). Enterovirus infections are more 
frequent in siblings developing T1DM compared to 
nondiabetic siblings, and enterovirus antibodies are ele-
vated in pregnant women whose children later develop 
T1DM (22). Interestingly, epidemiological studies of 
the seasonality of development of anti-beta-cell anti-
bodies in a group of subjects at increased risk of T1DM 
showed an increased incidence of autoantibodies dur-
ing winter, which correlated with a period of increased 
enteroviral infection rates (9,20). Recently, Oikarinen 
and cols. (23) isolated enteroviruses from intestinal bi-
opsies in 75% of T1DM patients and in 10% of nondia-
betic subjects, indicating that a substantial proportion 
of T1DM patients have an ongoing enterovirus infec-
tion in gut mucosa. Elshebani and cols. (24) found that 
enteroviruses isolated from newly diagnosed T1DM 
patients could infect human islets in vitro, reducing 
their ability to secrete insulin in response to high glu-
cose, and increasing the number of dead cells. In addi-
tion, a recent meta-analysis, including 24 papers and 2 
abstracts, showed a significant association between en-
terovirus infection and T1DM-related autoimmunity 
(OR = 3.7, 95% CI = 2.1-6.8) or clinical T1DM (OR = 
9.8, 95% CI = 5.5 – 17.4) (25).   

Among the enteroviruses, the most significant as-
sociation with T1DM was with Coxsackievirus (CVB), 
which exhibits a specific tropism for the pancreas 
(26,27). Serological and PCR analyses have shown that 
CVB are expressed more frequently in T1DM patients 

TLR3 and type 1 diabetes



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

6 Arch Endocrinol Metab. 2015;59/1

than in healthy subjects [reviewed in (18)]. One CVB4 
strain was isolated from the pancreas of a child who 
died from diabetic ketoacidosis, and this virus caused 
diabetes when inoculated into a susceptible mouse 
strain (28). Furthermore, Dotta and cols. (29) identi-
fied CVB4 in 50% of samples collected from patients 
with T1DM, and these enteroviruses were able to infect 
human islets in vitro, impairing insulin secretion in re-
sponse to glucose. 

Based on the studies presented above, enterovi-
ruses appear to be associated with a fraction of T1DM 
cases. Nevertheless, if enteroviruses play a major role 
in the T1DM pathogenesis, how could we explain the 
increase in T1DM incidence in countries where expo-
sure to these microorganisms has been dropping, such 
as Finland? Do the data show that T1DM can be caused 
by viral infections compatible with the hygiene hypoth-
esis [see reference (30) for more details]? Interestingly, 
data in NOD mice revealed that CVB, and the B4 strain 
in particular, infect the exocrine portion of the pancreas 
and provoke diabetes in animals with established insuli-
tis (31). Interestingly, when administered earlier in life, 
CVB inoculation is associated with a strong protection 
against diabetes, implying that the timing of the infec-
tion plays a key role in disease development (32). Tak-
ing into account the studies in NOD mice, Coppieters 
and cols. (8) suggested that the lack of exposure to en-
teroviruses in developed countries results in a reduced 
frequency of subjects with protective immunity through 
early childhood infections. When islet inflammation oc-
curs in these subjects, they would be more susceptible 
to an enteroviral infection that has the potential to initi-
ate autoreactivity and beta-cell damage. 

Animal models have provided important data about 
the possible mechanisms of enterovirus-induced beta-
cell damage. They have shown that several mechanisms 
may be involved and either a direct infection of beta-
cells, molecular mimicry or bystander activation of au-
toreactive immune clones induce beta-cell damage [see 
reference (21) for more details]. Studies on human 
pancreata or cultured islets have shown that there are 
considerable variations in the adverse effects of entero-
viruses on beta-cells, not only between various viral se-
rotypes, but also between strains of the same serotype 
(20). Viral infections might be able to “unmask” beta-
cells for recognition by CD8+ T-cells by promoting IFN 
production and upregulation of MHC class I molecules 
on beta-cells. These events may be sufficient to mark 
pancreatic islets for autoimmune attack (20). However, 

the precise mechanism by which viruses cause T1DM 
in humans remains to be determined. 

TOLL-LIKE RECEPTORS (TLRs)

Among the most important families of PRRs are the TLRs 
which selectively recognize a large number of PAMPs de-
rived from microbes (15). Mammalian TLRs also respond 
to host-derived molecules that are released from injured 
tissues and cells, termed damage associated molecular pat-
terns (DAMPs) (33). TLR-ligand binding plays a key role 
in innate immunity and subsequent acquired immunity 
against microbial infection or tissue injury (34). 

Structurally, TLRs are type I transmembrane-signal-
ing PRRs. Their extracellular domain includes a repetitive 
structure rich in leucine residues, called leucine-rich repeat 
(LRR), which is involved in ligand recognition. A trans-
membrane domain determines their cellular localization, 
and the intracellular portion contains a similar structure 
to that of the IL-1 receptor, known as Toll/IL-1 (TIR) 
domain, which is essential for triggering downstream 
signaling pathways (35-37). So far, ten TLRs have been 
identified in humans and 13 in mice, recognizing differ-
ent PAMPs and DAMPs (12,13,36). Table 1 shows the 
11 human TLRs with their specific ligands. The ligands 
for TLR8 and TLR10 remain unknown (38). The human 
TLR11 gene has a stop codon within an open reading 
frame and thus appears to be non-functional (39).

TLRs are located either on the cell surface or in in-
tracellular compartments. Cell-surface TLRs, including 
TLR1, TLR2, TLR4, TLR5, TLR6 and TLR10, are 
essential to recognizing bacterial cell wall components, 
bacterial flagellin, viral particles, and other unidentified 
pathogenic components. TLR3, TLR7, TLR8, and 
TLR9 are localized in endosomes, and their ligands, 
mainly bacterial or viral nucleic acids, require interna
lization to the endosome before signaling is possible 
(Table 1) (10,34,40). 

TLRs are widely expressed in various immune cells, 
including dendritic cells, macrophages, B cells, spe-
cific types of T cells, and even in non-immune cells, 
such as epithelial cells, endothelial cells, and fibroblasts 
(41,42). Expression of TLRs is not static but regulated 
rapidly in response to pathogens, a variety of cytokines, 
and environmental stresses (42). Interestingly, expres-
sion of TLRs in non-immune cells appears to play an 
important role in the first line of defense against micro-
bial invasions at these sites (35). 

TLR3 and type 1 diabetes
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Table 1. Pathogen-associated molecular pattern (PAMPs) detection by toll-like receptors (TLRs) 

TLRs Localization Microorganism PAMPs recognized Other PRRs involved in 
recognition

TLR1 Plasma membrane Bacteria Triacyl lipoprotein

TLR2 Plasma membrane Bacteria Lipoprotein

Fungi Zymosan, beta-glucan Dectin-1, NALP-3

Parasites TgpI-mutin (Trypanosoma)

TLR2/1 TLR2/6 Plasma membrane Lipoproteins, LTA, PGN, 
lipoarabinomannan

Bacteria, mycobacteria NOD1, NOD2, NALP3, NALP1

TLR3 Endolysossome Viruses dsRNA RIG-1, MDA5, NALP3

TRL4 Plasma membrane Bacteria LPS

Viruses Structural protein

Parasites Glycoinositolphospholipids 
(Trypanosoma sp.)

Fungi Mannan

TLR5 Plasma membrane Bacteria Flagelin IPAF, NAIP5

TLR6 Plasma membrane Bacteria Diacyl lipoprotein

Viruses Diacyl lipoprotein

Fungi Zymosan, beta-glucan Dectin-1, NALP-3

TLR7 Endolysossome Viruses ssRNA RIG-1, MDA5, NALP3

Bacteria RNA NALP3

Self

Fungi RNA

TLR8 Endolysossome Viruses RNA RIG-1, MDA5, NALP3

TLR9 Endolysossome Viruses CpG-DNA AIM2, DAI, IFI16

Bacteria DNA AIM2

Fungi DNA

Parasites Hemozoin (Plasmodium) NALP3

TLR10 Endolysossome Unknown Unknown

TLR11 Plasma membrane Protozoa Profilin-like molecule Unknown

TLR3 and type 1 diabetes

After ligand binding, TLR signaling proceeds via 
two pathways: the myeloid differentiation factor 88 
(MyD88)-mediated pathway, and the TIR-domain-
containing adaptor inducing an IFN-b (TRIF)-mediated 
pathway. The former pathway causes the activation of the 
transcription factor NF-kB and various mitogen-activa
ted protein kinases (MAPK), which will activate several 
genes contributing to inflammatory reactions. The lat-
ter pathway causes induction of IFNs, whose stimulation 
leads cells to enter an antiviral state. TLR3 only activates 
the TRIF-mediated pathway, leading to the activation of 
the interferon regulatory factor (IRF)-3, an important 
transcription factor which induces the expression of type I 
IFNs and the indirect upregulation of IFN-dependent 
genes such as IFN-inducible protein 10 (IP-10) and in-
ducible nitric oxide (iNOS). Moreover, TLR3 also acti-
vates NF-κB, which upregulates the production of pro-

inflammatory cytokines such as IL-1b, IL-6 and TNF. 
TLR4 activates both pathways, activating NF-kB and 
inducing type I IFN production. All other TLRs activate 
exclusively the MyD88-dependent pathway (13,43,44).

To sum up, the main functions of TLRs are to induce 
an inflammatory response and to establish adaptive im-
munity. TLRs activate tissue-resident macrophages to 
produce pro-inflammatory cytokines, including TNF, 
IL-1b and IL-6, which coordinate local and systemic 
inflammatory responses. These cytokines then activate 
surrounding cells to produce chemokines or adhesion 
molecules, thereby recruiting several inflammatory cells 
to the inflammation site. Recruited macrophages or 
neutrophils are activated and ingest invading pathogens 
through internalizing PRRs. Afterward, those cells kill 
the pathogens by producing nitric oxide, reactive oxy-
gen species or defensins (36,45). 
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Several studies performed on animal models of 
T1DM have implicated TLR pathways in mechanisms 
linked with both diabetes induction and prevention. In 
both the NOD mouse and diabetes-prone BB rat, TLR 
upregulation can suppress diabetes. In the BioBreeding 
Diabetes Resistant rat; however, diabetes induced by vi-
rus infection involves the upregulation of TLR9 path-
ways, and generic TLR upregulation synergizes with vi-
rus infection on diabetes induction. Studies performed 
in mouse models of T1DM with spontaneous or induced 
diabetes implicate TLR1, TLR2, TLR3, and TLR7 in 
disease mechanisms [reviewed in (19)]. However, only a 
few studies analyzed the associations between polymor-
phisms in the TLR genes and susceptibility for T1DM. 
For example, Bjørnvold and cols. (46) reported that 
both T1DM and allergic asthma were significantly as-
sociated with the rs3804100 T allele in the TLR2 gene, 
and further associated with the haplotype including this 
polymorphism, possibly representing a susceptibility lo-
cus common for the two diseases. Park and cols. (47) 
reported that the C/C genotype of the 1350 polymor-
phism in the TLR2 gene was associated with protection 
for T1DM. Moreover, the homozygous haplotype con-
stituted by the T allele of the 597 polymorphism and the 
C allele of the 1350 polymorphism was associated with 
strong protection for T1DM. Cooper and cols. (48) 
analyzed a total of 1715 SNPs from the Wellcome Trust 
Case Control Consortium GWAS study of T1DM, and 
found an association between T1DM and a SNP in chro-
mosome Xp22 (rs5979785), located 30kb centromeric 
from the TLR7 and TLR8 genes. The authors suggested 
that it is possible that this SNP, or variants in linkage 
disequilibrium with it, could alter TLR7 and/or TLR8 
expression and, therefore, modify the risk for T1DM.

Toll-like receptor 3 (TLR3)

Viral dsRNAs are potent inducers of type I IFN (IFN-a  
and IFN-b) antiviral responses and were reported to 
initiate their signaling via TLR3 (19). In addition to 
TLR3, dsRNA is recognized by the RLHs, RIG-I and 
melanoma differentiation-associated gene 5 (MDA5 or 
IFIH1). TLR3 and RIG-I/MDA5 differ in their cellu-
lar location and ligand specificities, and induce antiviral 
responses via different signaling pathways (34). 

TLR3 is a type I transmembrane receptor with a 
molecular mass of 125 kDA that has several distinct 
structural domains, as already mentioned (49). Di-
merization of TLR3 is required for ligand binding, 
and dsRNA molecules must be at least 40 to 50 bp in 

length in order to induce TLR3 signaling (49). TLR3 
was originally identified to recognize a synthetic ana-
log of dsRNA, the polyinosinic:polyribocytidylic acid 
[poly(I:C)], which was found to be the most potent 
IFN inducer (34). TLR3 also recognizes genomic RNA 
from dsRNA viruses (including reoviruses) and dsRNA 
produced during replication of single-stranded RNA 
viruses (such as influenza A virus, encephalomyocar-
ditis virus, and West Nile virus) and double-stranded 
DNA viruses (herpes simplex virus and murine cyto-
megalovirus) (40,50). TLR3 can sense viral dsRNA in 
both the extracellular compartment and in endosomes. 
However, spatial localization seems to be important for 
recognition of viral dsRNA by TLR3, since cell-associ-
ated dsRNA has been found to be a more potent activa-
tor of TLR3 than soluble dsRNA (49). 

The TLR3 gene is located on chromosome 4q35 
(Figure 1), and comprises five exons with a 15,942bp 
transcript encoding a 3057bp mRNA and a 904 residue 
protein (51). TLR3 mRNA has been detected in a num-
ber of human tissues including placenta, pancreas, lung, 
liver, heart, lymph nodes, and brain. Furthermore, TLR3 
transcripts have been found in a variety of human and 
mouse immune cells, including T lymphocytes, natural 
killer cells, macrophages, mast cells and γδ T cells. Hu-
man fibroblasts and epithelial cells express TLR3 both 
intracellularly and on the cell surface while monocyte-
derived immature dendritic cells and myeloid dendritic 
cells only express TLR3 intracellularly, which demon-
strates that cells utilize different strategies to sense viral 
invasion and initiate antiviral responses (34,49).

In contrast to other TLR ligands, dsRNA signaling 
occurs via MyD88-independent pathways. For exam-
ple, dsRNA binds TLR3 with the resultant recruitment 
of the adaptor molecule TRIF via a TIR-TIR domain 
interaction (Figure 2). Following the activation of 
endosomal TLR3 by dsRNA, TRIF co-localizes with 
TLR3 and dimerizes through its TIR domain and C-
terminal region. This induces a conformational change 
that allows downstream signaling molecules to access 
their binding sites (49,52). Then, TRIF recruits TNF 
receptor-associated factor 6 (TRAF6), forming a com-
plex containing TGF-b-activated kinase-1 (TAK1), 
TAK-1 binding protein 2 (TAB2), and protein kinase R, 
which mediates downstream NF-kB activation. Pro-
tein kinase R also contributes to the dsRNA-induced 
activation of the p38 MAPK pathway by interaction 
with MAP kinase kinase 6 (MKK6). TRIF also recruits 
TRAF3, TRAF-family-member-associated NF-kB acti-

TLR3 and type 1 diabetes
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vator binding kinase 1 (TBK1) and inducible IkB ki-
nase (IKKi), which will phosphorilate IRF-3 and IRF-7 
factors. After phosphorylation, activation and dimeriza-
tion, IRF-3 and IRF-7 translocate into the nucleus and 
induce the expression of type I IFNs, which, after being 
secreted, will activate the expression of proinflamma-
tory cytokines and chemokines by the signal transdu
cers and activators of transcription 1 (STAT1) pathway 
(41,53-55). This complex molecular response attracts 
immune cells, which will release more proinflamma-
tory cytokines, such as IFN-g, IL-1b, and TNF. Local 
inflammation and activation of antiviral defenses seek 
to eradicate infection and trigger apoptosis of infected 

cells. However, in some genetically susceptible indi-
viduals, this defense system fails to work properly, in-
stead inducing excessive, progressive inflammation and 
prolonged death of beta-cells, thus predisposing to the 
development of T1DM (2). 

In this context, high levels of type I IFN are found 
in the pancreas of patients with T1DM (2), and IFN-a 
is known to contribute to the development of experi-
mental viral-induced diabetes in mice (56,57). Howe
ver, recent data demonstrate that type I IFN produc-
tion via TLR3 is critical to prevent diabetes caused by a 
virus with preferential tropism for pancreatic beta-cells 
in the NOD mouse, suggesting that viral infection and 

Figure 1. Map of Toll-like receptor (TLR3 ) locus on chromosome 4 (region 4q35). The five exons (boxes) are numbered from left to right according to the 
transcriptional region. The vertical arrows show the main common polymorphisms associated with type 1 diabetes mellitus.

Figure 2. Toll-like receptor 3 (TLR3) signaling in pancreatic beta-cells. Viral double-stranded (dsRNA) binds TLR3 with the resultant recruitment of the adaptor 
molecule TRIF. Then, TRIF initiates two pathways via TRAF-6 and TRAF-3. TRAF-6 activates TAK1. Activated TAK1 activates the IKK complex, which activates 
NF-κB subunits, which translocate to the nucleus. In the nucleus, NF-κB triggers the transcription of several genes coding for proinflammatory cytokines and 
chemokines. TRAF3 activates TBK1/IKKi, which phosphorilate the transcription factors IRF-3 and IRF-7. After phosphorylation, activation and dimerization, 
IRF-3 and IRF-7, translocate to the nucleus and induce the expression of type 1 interferons, which, after being secreted, will also activate the expression of 
proinflammatory cytokines and chemokines. This complex molecular response attracts immune cells, which will release more proinflammatory cytokines, such 
as IFN-g, IL-1b, and TNF, and might lead to the beta-cell apoptosis. Adapted from references Rasschaert and cols. (62) and Kumar and cols. (12).
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type I IFN responses may promote T cell tolerance by 
enhancing T regulatory cell function and up-regulation 
of inhibitory molecules and proinflammatory cytokines 
(50). It is known that the dsRNA-synthetic analog 
Poly(I:C) can accelerate diabetes in animal models, 
indicating that dsRNA sensors, such as TLR3, RIG-I 
and MDA5, can promote diabetes in an IFN-depen-
dent manner (58,59). Accordingly, human pancreatic 
islets infected with Coxsackie B5 virus or exposed to 
IFN-a or IFN-g + IL-1b exhibit increased expression 
of TLR3, RIG-I and MDA5 (60,61). Both intracellular 
and extracellular dsRNA may bind to TLR3 and trig-
ger production of proinflammatory cytokines and che-
mokines, resulting in beta-cell apoptosis through the 
activation of NF-κB and IRF-3 (62-64). 

Nevertheless, although TLR3 was the first dsRNA 
sensor identified as being able to activate NF-κB and 
IRF-3, its role as a primary antiviral receptor was recent-
ly called into question (65). In vivo antiviral responses 
against a wide range of viral pathogens were similar in 
wild-type and TLR3 knockout mice (66). Indeed, more 
recent studies show that, whereas NF-κB and IRF-3 
activation by extracellular dsRNA is TLR3-dependent, 
activation by intracellular dsRNA, a product of viral 
replication in the cytoplasm, also occurs through activa-
tion of RIG-I and IFIH1/MDA5 (63). These data in-
dicate that a multiplicity of viral sensors seems essential 
for effective type I IFN response in beta-cells and other 
tissues. Distinct receptors differ in their specificity for 
viral products. Moreover, distinct viral receptors may 
differ in their tissue distribution or might be expressed 
at different time-points during infections. MDA5 is an 
IFN-induced protein, whereas TLR3 is constitutively 
expressed; therefore, TLR3-mediated antiviral respon
ses might occur earlier than MDA5-mediated responses 
(50). 

In brief, TLR3 is a plausible candidate for study in 
T1DM, because it reacts to viral products and is ex-
pressed in the pancreas and on antigen-presenting den-
dritic cells. Accordingly, Eleftherohorinou and cols. 
(67) developed a novel pathway-based method to as-
sess the combined effect of more than 20,000 SNPs 
acting within 84 pathways associated with the innate 
and acquired immune responses to pathogens, and 
applied it to data from 14,000 subjects from United 
Kingdom with 7 common diseases, including T1DM. 
Variants responsible for the pathway association were 
identified and used to calculated predictive models for 
the diseases. These models were tested on an indepen-

dent cohort from Northern Finland. They showed that 
multiple inflammatory pathways, containing 205 SNPs, 
were associated with T1DM. These SNPs, including 
SNPs in the pathway of TLR3, were found to be highly 
predictive of T1DM [91% AUC (area under the receiv-
er operating curve) in the UK sample and 79% AUC in 
the Finnish cohort]. 

In addition, Pirie and cols. (51) reported that of 
nine TLR3 polymorphisms studied in a small sample 
of 153 subjects of Zulu descent from South Africa, a 
significant association with risk for T1DM was found 
for the major allele in the 2593C/T (rs5743313) poly-
morphism and for the minor alleles in the 2642C/A 
(rs5743315) and 2690 A/G (novel) polymorphisms, 
which were found to be in complete linkage disequilib-
rium. However, correction of the P-values for the num-
ber of comparisons rendered the results no longer sig-
nificant. Recently, a study from our group showed that 
the TLR3 rs3775291 and rs13126816 polymorphisms 
seem to be associated with risk for T1DM, while the 
TLR3 rs5743313 and rs11721827 polymorphisms are 
associated with age at T1DM diagnosis and worst gly-
cemic control in Brazilian subjects (68). Further studies 
are needed to investigate the association between TLR3 
polymorphisms and T1DM in different populations.

CONCLUSIONS

T1DM is multifactorial disease associated with both ge-
netic and environmental factors, and it is well known that 
viral infections play an important role in the development 
of T1DM in individuals with genetic predisposition. 
TLR3 recognizes viral replication-derived dsRNA, trig-
gering the release of proinflammatory cytokines by im-
mune system cells. This local inflammation and activation 
of antiviral defenses seeks to eradicate infection and trig-
ger apoptosis of virus-infected cells. However, in some 
genetically susceptible individuals, this defense system 
fails to work properly, instead inducing excessive, progres-
sive inflammation and prolonged death of beta-cells and 
thus predisposing to the development of T1DM. Hence, 
TLR3 is a good candidate gene for T1DM. However, 
although several studies have contributed to understand-
ing the mechanisms underlying viral infection and TLR3 
activity in T1DM pathogenesis, there are only a few stu
dies reporting an association between T1DM and TLR3 
gene polymorphisms. Thus, robust genetic studies are 
necessary in order to allow a better understanding of the 
role of the TLR3 gene in the susceptibility for T1DM. 

TLR3 and type 1 diabetes
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Knowledge of the factors associated with T1DM devel-
opment will enable a keener understanding of its patho-
genesis and may provide more effective approaches for 
the treatment and prevention of this disease.
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