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KEYWORDS Abstract Allergic rhinitis is a nasal hypersensitivity and allergic disease which leads to inflam-
Allergic rhinitis; mation of nasal mucosa. Previous investigations revealed that innate immune receptors play a
TLR4; key role in the pathogenesis of inflammatory diseases including allergic diseases. Toll-like recep-
Inflammation tors (TLRs), which are important innate immune receptors, play crucial roles in the recognition

of foreign antigens, including allergens, and subsequently for the induction of immune responses
such as inflammation. There are several controversial reports regarding the roles of TLR4 in the
pathogenesis of allergic rhinitis. This review presents current information regarding the roles
of TLR4 in the pathogenesis of allergic rhinitis and the plausible mechanisms which lead to the
expression and function of TLR4 in this disease.
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Introduction

Toll-like receptors (TLRs) are the main intra/extra-cellular
immune cell receptors which belong to the pathogen recog-
nition receptor (PRR) family. These molecules play crucial
roles in the recognition of pathogen associated molecular
patterns (PAMPs) and damage associated molecular pat-
terns (DAMPs) and subsequently facilitate the induction of
immune responses such as inflammation.

TLR/PAMP or DAMP interactions result in various alter-
ations in immune cell function and surface molecules
including expression of homing molecules,” NADPH oxi-
dase activation® and inflammatory cytokine secretion.* Like
other TLRs, TLR4 acts via interaction with its correspond-
ing ligands (see following sections) in both MYD88 and TRIF
dependent manners.>

Allergic rhinitis is an allergic disease of nasal airways
which is associated with inflammatory conditions and it
may be hypothesised that TLR4 may play critical roles in
the pathogenesis of allergic diseases such as allergic rhini-
tis. Therefore, the aim of this study was to review recent
information regarding the relationship between TLR4 and
allergic rhinitis. This study also presents recent information
regarding the possible mechanisms leading to alterations in
the expression of TLR4 and its signalling molecules in these
patients.

Allergic rhinitis: an inflammatory disease

Allergic rhinitis, which is also known as nasal allergy and
nasal hypersensitivity, is defined as an allergic condition of
the nasal airways.®” It can be induced in individuals with
a sensitised immune system via inhalation of an allergen,
including pollen and dust or particles of shed skin and hair of
animals (animal dander).? In sensitive individuals, the aller-
gen stimulates the production of IgE which binds to FCeRI on
mast cells and basophiles and induces secretion of several
mediators including histamine, leukotrienes, prostaglandins
and associated enzymes including tryptase.? These media-
tors cause nasal passages swelling, paroxysmal repetitive
sneezing, itchy and watery eyes and elevation in mucus
production, via stimulation of the mucous glands and vas-
cular permeability (known as primary phase) and activation
and perpetuation of inflammatory cells (late phase).’ The
severity of symptoms varies among individuals. Pollinosis
and hay fever are two forms of allergic rhinitis caused by
pollens of any plants and grass pollens, respectively.'®"
It has been documented that genetic, immunological and
environmental parameters play important roles in the patho-
genesis of allergic rhinitis.'? Allergic rhinitis is prevalent
worldwide and investigators estimate that 30% of people
experience this disease at least once in their lives. ' Depend-
ing on the causative antigens, period of exposure, severity
of symptoms and disease types, allergic rhinitis is classi-
fied to several clinical manifestations. The most commonly
used classification uses perennial and seasonal occurrence
to define the disorder.’* There are various forms of thera-
pies for allergic rhinitis as follows: (1) oral antihistamines,
(2) topical antihistamines, (3) decongestants (via activating
alpha-adrenergic receptors), (4) intranasal glucocorticoids,
(5) leukotriene receptor antagonists and (6) intranasal

cromolyns (by stabilisation and inhibition of the degranula-
tion of mast cells).”>'® The current therapies are associated
with several side effects and in some cases patients present
drug resistance; hence, novel therapies must be explored for
the treatment of this disease.'” In order to design a success-
ful therapy, it is important to understand the roles played
by immune-related molecules.

TLR4: structure, genomic location and
agonists

TLR4, which is also known as CD284 or ARMD10, is the
receptor for several microbial PAMPs, which will be dis-
cussed below. The TLR4 protein consists of three complex
domains including extracellular leucine-rich repeats (LRRs),
a hydrophobic transmembrane and an intracytoplasmic
Toll/interleukin-1 receptor (TIR) domain. TLR4 recognises
several microbial and non-microbial molecules as a homod-
imer which leads to the activation of various intracellular
signalling pathways (see following sections).

Various molecules have been identified as agonists for
TLR4."® LPS is the most important agonist of TLR4 and
is recognised by a TLR4/CD14/MD2 complex.' LPS bind-
ing protein (LBP) is responsible for binding LPS to a
glycosylphosphatidylinositol-anchored protein called CD14
which subsequently delivers the LPS to a soluble protein,
MD2 (also known as lymphocyte antigen 96).' MD2 binds
non-covalently to the extracellular domain of TLR4 induc-
ing a conformational change in the MD-2 structure which
results in binding of the MD-2-TLR4 complex to a second
TLR4 molecule." Following TLR4 homo-dimerisation, TRIF
and MYD88 dependent intracellular signalling pathways will
be activated (see next section). Short ragweed (SRW) pollen,
high-mobility group box-1, hyaluronan, heat shock protein
60, free fatty acids, allergenic nickel and the adjuvant
monophosphoryl lipid A (MPLA) are agonists for TLR4 which
are used as adjuvants for the induction of immune responses
against vaccination.?’-?? Interestingly, high-mobility group
box-1, hyaluronan, heat shock protein 60 and free fatty
acids, which are endogenous TLR4 ligands, not only acti-
vate TLR4 directly, but can also bind and transport LPS to
TLR4 which increases cell sensitivity to LPS suggesting that
endogenous TLR4 ligands can be considered as PAMP bind-
ing/sensitising molecules.?

TLR4 signalling

Interactions of TLR4 and its corresponding ligands lead to the
recruitment of TIRAP/MYD88 and TRAM/TRIF, TIR-containing
adaptor molecules, which participate in stimulation MYD88
and TRIF-dependent signalling pathways, respectively.?
Previous in vitro and in vivo studies demonstrated that
TLR4/ligands interaction at the plasma membrane leads to
recruitment of TIRAP which allows binding of the adaptor
protein, MyD88. Following recruitment of MYD88 several
intracellular signalling molecules such as IRAK4, IRAK1,
TRAF6, TAK1, NF-kB, AP-1 and IRF5 are activated.'® NF-«B,
AP-1 and IRF5 are transcription factors that induce transcrip-
tion of several pro-inflammatory cytokines.?”> Additionally,
upon internalisation of TLR4 to the endosomes and inter-
actions with its agonists, another signalling pathway, the
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