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a  b  s  t  r  a  c  t

In  addition  to their  established  roles  in  host  defence,  Toll-like  Receptors  (TLRs)  have  emerging  roles  in
control  of homeostasis,  injury  and  wound  repair.  The  dsRNA-sensing  receptor,  TLR3,  has  been  particularly
implicated  in  such  processes  in  several  different  tissues  including  the  skin,  intestine  and  liver, as  well  as
in the control  of reparative  mechanisms  in  the brain,  heart  and  kidneys,  following  ischemia  reperfusion
injury.  In this  review,  we provide  an overview  of  TLR3  signalling  and  functions  in  inflammation,  tissue
damage  and  repair  processes,  as well  as therapeutic  opportunities  that may  arise  in  the  future  from
knowledge  of  such  pathways.
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1. Introduction

Pattern recognition receptors (PRRs) are widely studied in
innate immune cells for their roles in host defence. In this con-
text, they are tasked with detecting and responding to conserved
pathogen-associated molecular patterns (PAMPs), which are essen-
tial for microbial survival and/or pathogenicity [1]. It is now
clear that PRRs function more broadly as danger-sensing systems,
detecting both pathogen- and host-derived factors that accumu-
late when homeostasis is perturbed. Indeed, PRRs have emerged
as critical regulators of homeostasis and developmental processes.
Such roles may  relate to PRR functions in non-immune cells such
as epithelial cells, where they are also expressed [2].

Of the PRR families, the Toll-like receptors (TLRs) have been
most widely studied. These transmembrane receptors, which
localize to both the plasma membrane and to endolysosomal com-
partments, play key roles in development, homeostasis and injury
repair. For example, TLR2, which detects bacterial lipopeptides,
maintains homeostasis at mucosal surfaces by promoting bar-
rier integrity in intestinal epithelial cells (IECs) [2]. Along with
TLR4, which recognizes Gram-negative bacterial lipopolysaccha-
ride, TLR2 has also been implicated as a regulator of cardiovascular
functions, thermoregulation and energy metabolism in the auto-
nomic nervous system [3]. Such studies provide examples of roles
for innate immune danger-sensors in regulating normal physiolog-
ical processes to maintain homeostasis. Indeed, the capacity of TLRs
to regulate the expression of genes involved in inflammation and
repair processes, often in a tissue-specific manner, appears to be
critical for maintenance of normal physiological processes [2].

TLR3 is a dsRNA-sensing TLR, first characterized as a regulator
of anti-viral responses. However, subsequent studies demonstrated
that TLR3 can also detect host-derived RNA, thus enabling it to regu-
late injury repair processes. In this review, we provide an overview
of TLR3 biology in the context of host defence and inflammation. We
particularly focus on TLR3 functions in wound healing and in home-
ostatic control in the skin, gastrointestinal tract and liver, as well as
during ischemia reperfusion (I/R) injury in the brain, heart and kid-
ney (Fig. 1). Given that TLR3 agonists and antagonists already exist,
manipulation of this pathway to accelerate tissue repair processes
may be feasible in some pathophysiological settings.

2. TLR3 signal transduction and its role in host defence

2.1. Overview of TLR signalling

A total of thirteen TLRs have been identified in humans and
mice; ten in humans (TLR1-10) and twelve in mice (TLR1-9, 11–13)
[4]. Each TLR recognizes cognate PAMPs, resulting in activation
of distinct but overlapping signalling pathways through the ini-
tial recruitment of specific combinations of Toll/Interleukin (IL)-1
Receptor (TIR) domain-containing adaptor proteins. Briefly, upon
activation, all TLRs, except for TLR3, recruit the adaptor pro-
tein myeloid differentiation primary response gene 88 (MyD88),
which contains a C-terminal TIR domain and an N-terminal death
domain [5]. In the case of TLR4 and TLR2, MyD88-adaptor-like
(MAL; also known as TIR domain-containing adaptor protein,
TIRAP) acts as a bridging adaptor between MyD88 and these TLRs.

Recently, TLR5 in IECs [6], and TLR7 and TLR9 in macrophages
[7], have also been shown to associate with MAL, thus implicating
this adaptor in tissue-specific responses to multiple TLRs. MyD88
then relays downstream signalling via the serine/threonine kinase
IL-1R-associated kinases, the E3-ubiquitin ligase and scaffolding
protein tumour necrosis factor (TNF) receptor-associated factor-
6 (TRAF6) and the mitogen-activated protein kinases (MAPKs) [5].
This ultimately enables activation of pro-inflammatory transcrip-
tion factors such as nuclear factor kappaB (NF-�B) and activator
protein-1 to drive inducible expression of pro-inflammatory target
genes such as IL-1�, IL-6 and TNF-� (for reviews see [5,8,9]).

TLR3 and TLR4 are both capable of signalling independently
of MyD88, via the TIR domain-containing adaptor-inducing inter-
feron (TRIF; also known as TIR-containing adaptor molecule
1, TICAM1) pathway [5]. TLR4 engages both MyD88 and TRIF,
whereas TLR3 uses TRIF exclusively. TLR4 initiates the MyD88-
dependent pathway at the plasma membrane, whilst signalling
switches to TRIF-mediated responses once TLR4 is endocytosed
[10]. Endosomal TLR4 signalling via TRIF requires the bridging
adaptor TRIF-related adaptor molecule (TRAM; also known as
TIR-containing adaptor molecule 2, TICAM2) [10]. TRIF signalling
activates the serine/threonine kinase TANK binding kinase-1 (TBK-
1), which phosphorylates the transcription factor interferon (IFN)
regulating factor 3 (IRF3) [5]. IRF3 phosphorylation enables it to
translocate to the nucleus and activate specific pro-inflammatory
target genes, for example IFN-ˇ, which encodes a type-1 IFN [5].

2.2. TLR3 signalling

Although TLR3 signalling has been extensively characterized,
some new players and regulatory mechanisms have recently
emerged (Fig. 2). TLR3 is assembled in the endoplasmic reticulum,
from where it is recruited to endosomes by the transmembrane
protein UNC93B1 [11]. It is the only TLR that directly recruits TRIF
to its TIR domain to initiate signalling. This may relate to the
fact that the conserved proline residue present in the BB-loop of
most TLR TIR domains is an alanine in TLR3. Indeed, mutation of
Ala795 in TLR3 to a proline resulted in MyD88-biased signalling
[12]. As with TLR4 signalling, TRIF recruitment to TLR3 leads to
the activation of the serine/threonine kinase TBK-1, which in turn
phosphorylates IRF3 [13,14]. Phosphorylation occurs at multiple
residues (e.g. Ser385, Ser386) in the C-terminal region of IRF3,
enabling dimerization, nuclear translocation and transcription of
IFN-  ̌ [15,16]. IFN-� signals in an autocrine fashion to activate the
transcription factors signal transducer and activator of transcrip-
tion (STAT) 1 and 2, resulting in the activation of type-1 IFN target
genes and subsequent anti-viral responses [17]. Although IRF3 is
the primary transcription factor driving IFN-� transcription dur-
ing TLR3 signalling, other IRFs also function downstream of TLR3
to impart cell-specific signalling responses. For example, IRF6 is an
epithelial cell-specific transcription factor that lies downstream of
TLR3 signalling in keratinocytes. Specifically, it inhibits poly(IC)-
inducible IFN-  ̌ expression, while promoting poly(IC)-inducible
IL-23p19 expression in primary human keratinocytes [18].

In addition to activating IRF3, TLR3 signalling via TRIF also
activates NF-�B [19,20]. The C-terminal region of TRIF contains a
receptor-interacting protein homotypic interaction motif (RHIM),

dx.doi.org/10.1016/j.semcdb.2016.08.014


Download English Version:

https://daneshyari.com/en/article/5534857

Download Persian Version:

https://daneshyari.com/article/5534857

Daneshyari.com

https://daneshyari.com/en/article/5534857
https://daneshyari.com/article/5534857
https://daneshyari.com

