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Abstract

Allergic rhinitis is one of the most common chronic diseases in the world with increasing prevalence, affects the
patient’s quality of life and increases the familial and socioeconomic burden. But the exact etiology of allergic rhinitis
remains unclear, many studies have demonstrated that Toll-Like Receptors (TLRs) play an important role in the
pathogenesis of allergic rhinitis. TLRs, known as Pattern Recognition Receptors (PRRs), are the crucial components
of the innate immune system and express either on the cell membrane or in the endolysosomal compartments. TLRs
play a crucial role in both innate and adaptive immunity. Each TLR recognizes respective ligand, then recruit a kind
of adaptor molecules and initiate downstream signaling events. The signal transduction pathways through TLR are
also involved in the pathogenesis of allergic rhinitis. By understanding these mechanisms in allergic rhinitis, we might
find a new strategy for improving patient’s quality of life and clinical treatment effect. And the disease symptoms
usually cannot be controlled completely with current therapies. The purpose of this review article is to summarize
the potential mechanisms of TLRs and the signal transduction pathways through TLR in the pathogenesis of allergic

rhinitis and the novel potential therapeutic strategy against allergic rhinitis.
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Introduction

Allergic rhinitis is Immunoglobulin E (IgE) mediated and
characterized by accumulation of T-Helper (Th) 2 cytokines and
eosinophil inflammation of the nasal mucosa [1]. Its clinical
manifestations are pruritus, sneezing, rhinorrhoea, and nasal
congestion. As the most common chronic disease, allergic rhinitis
still is a severe health problem with increasing prevalence, seriously
affects the patient’s quality of life and increases the familial and
socioeconomic burden [2,3]. Although the exact etiology of allergic
rhinitis remains unclear, it has been demonstrated that genetic,
immunological and environmental parameters play important
roles in the pathogenesis of allergic rhinitis [4]. Despite advances
in the understanding of allergic inflammation mechanisms, and the
disease symptoms usually cannot be completely controlled with
current therapists we need to explore a new and effective therapy
against allergic rhinitis [5]. Concerning the immunopathogenesis,
Toll-Like Receptors (TLRs) and TLR signaling pathways both had
been demonstrated that they were involved in the pathogenesis

of allergic rhinitis. The related research led to this summary of
advances in current studies about the relationship between TLRs
and TLR signaling pathways and allergic rhinitis. By understanding
the potential mechanisms of TLRs and TLR signaling pathways
in allergic rhinitis, we might explore a new therapy to improve
patient’s quality of life and treatment effect.

Toll-Like Receptors (TLRs)

TLRs belong to the family of Pattern Recognition Receptors
(PRRs), which can recognize a wide range of Pathogen-Associated
Molecular Patterns (PAMPs) /Damage Associated Molecular Patterns
(DAMPs) and participate in the recognition of several pathogens/
allergens and also may participate in the induction of the immune
related diseases [6,7]. And TLRs are the crucial components of the
innate immune system. TLRs have a similar structure including an
extracellular N-terminal domain of approximately 16-28 Leucine-
Rich Repeats (LRRs), a transmembrane region and an intracellular
C-terminal tail known as Toll/interleukin-1 receptor (TIR). The
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LRRs domain is responsible for recognition of appropriate ligands,
while TIR domain participates in activation of downstream
signaling pathway [8,9]. Under normal conditions, commensal
bacteria are recognized by TLRs and this recognition is essential for
the maintenance of homeostasis and a state of constant controlled
inflammation [10]. Different mutations and experimental models,
which alter the TLR functions, have demonstrated the significance
of TLRs in susceptibility to infection [11,12]. Up to now, 10
members of the TLR family have been recognized in human and 12
(TLR1 to TLR9 and TLR11 to TLR13) in mouse. TLR1, TLR2, TLR4,
TLRS5, TLR6, and TLR10 are expressed on the cell membrane and
recognize PAMPs of extracellular microbes, whereas TLR3, TLR7,
TLR8, and TLR9 are localized in the intracellular endolysosomal
compartments and involved in the recognition of nucleic acids
[13-15]. Each TLR recognizes distinct PAMPs derived from
different pathogens. Upon recognition of respective PAMPs, TLRs
recruit a specific set of adaptor molecules that harbor TIR domain
and then initiate downstream signaling events that leads to the
secretion of Inflammatory Cytokines, type I interferon (IFN),
chemokines, and antimicrobial peptides. Then these responses
can cause recruitment of neutrophils, activation of macrophages,
and induction of IFN-stimulated genes, resulting in direct killing
of the infected pathogens [16]. Recognition of self and non-self-
antigens, detection of invading pathogens, bridging innate and
adaptive immunity, development of antigen-specific immunity are
the main functions of TLRs. They also have key roles in cytokine
production, apoptosis of infected cells, and release of interferons by
viral infected cells [17].

Allergic Rhinitis

Allergic rhinitis is one of the most common allergic disorders
globally, affects 10% to 40% of the world’s population and usually
persists throughout life. Allergic rhinitis is caused by specific IgE-
mediated reactions against inhaled allergens driven by Th2 cells
and results in nasal mucosal inflammation with tissue influx of
eosinophils and basophils [18]. On initial exposure of allergen into
the nasal mucosa, the allergen is taken up by antigen-presenting
cells (mainly dendritic cells) and processed to a small peptide that
binds to specific major histocompatibility complex (MHC) class II
molecules. The MHC class II-peptide complex is then expressed on
the cell surface, where it is recognized by ThO receptor and other
costimulatory molecules, resulting in differentiation into Th2 CD4+
lymphocytes that produce cytokines like IL-4, IL-5, and IL-13, then
promote B cell phenotype switching to produce allergen specific IgE.
The allergen-specific IgE binds to its high-affinity receptors (FceRI)
on the surface of mast cells and basophils, causing sensitization of
these two cell types. On re-exposure to the specific allergen, cross-
linking of the allergen-specific IgE-FceRI complexes on the mast cell
and basophil surfaces triggers secretion of three classes of biologic
products: those stored in cytoplasmic granules like histamine,
lipid-derived mediators such as leukotrienes, prostaglandins,
and platelet-activating factor, and newly synthesized cytokines,
chemokines, and growth factors as well as other products. These

mediators can cause smooth muscle contraction, increased vascular
permeability, mucus secretion and stimulation of sensory nerves,
which evoke the symptoms of nasal itching, rhinorrhea, sneezing
and congestion. The release of these mediators leads to the early or
immediate phase allergic response. These lipid mediators also have
chemoattractant properties important for attracting inflammatory
cells, particularly Th2 T lymphocytes, eosinophils and basophils
into the nasal mucosal tissue, resulting in the late phase allergic
response. Late-phase reaction typically develops at 2 to 6 hours
after allergen exposure and is characterized by a prolongation
of sneezing, rhinorrhea and a predominantly sustained nasal
congestion.

There are a variety of mediators and cells which are involved in
this late phase. So the symptoms of allergic rhinitis are a result of
inhaled allergen-induced inflammation in the nasal mucosa, which
is characterized by a Th2-dominated immune response associated
with increased levels of serum IgE [19-21]. The main causes
of allergy are genetic factors, environmental exposure, and the
interaction between both [22]. But immunoregulatory mechanisms
are not fully understood, and an imbalance in immune homeostasis
predisposes to Th2 immune responses favoring allergic processes
[23,24]. In addition, regulatory T cells (Treg cells) [25], Th17
cells [26], group 2 innate lymphoid cells (ILC2s) [27], regulatory
B cells and T follicular helper cells [28] may play a role in allergic
rhinitis. Allergic rhinitis reduces the quality of life of many patients,
impairing sleep quality and cognitive function and causing
irritability and fatigue and decreases school and work performance
of patients. So appropriate treatment of allergic rhinitis improves
symptoms, quality of life, and work and school performance [29].
The therapeutic principle of AR involves a comprehensive approach
including environmental control, pharmacotherapy, allergen-
specific immunotherapy and patient education. Environmental
control should focus on avoidance or reduction of known
allergens as well as air pollutants, but it is often hard to achieve.
Pharmacotherapy and allergen-specific immunotherapy are the
main treatments for allergic rhinitis, but allergic rhinitis is usually
not completely curable.

TLRs and TLR signaling pathways in allergic rhinitis

Allergic rhinitis is an IgE-mediated disease which is
predominantly caused by environmental allergen exposure in
genetically predisposed individuals, and the “Th1/Th2” imbalance
has been widely considered to the main pathogenesis of allergic
rhinitis [30,31]. The exact pathogenesis of allergic rhinitis has
remained largely unknown; however, the growing evidence has
shown the relationship between innate immunity and allergic
rhinitis is a causative relationship. And innate immunity plays
an important role in the pathogenesis of inflammation and
inflammatory diseases [32,33]. So innate immunity is a treatment
target for human pro-inflammatory diseases including allergic
diseases. The innate immune system distinguishes pathogens
by special protein receptors. Innate immunity contains several
receptors which have common features

regarding ligand
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recognition, among them, Toll-Like Receptors (TLRs) are the
most known innate immune receptors. TLRs are a conserved
family of transmembrane receptors which recognize the diverse
set of the external and internal molecules and also are expressed
in the different types of white blood cells, such as macrophages,
monocytes, Dendritic cells (DCs), Natural Killer (NK) cells, B and
T lymphocytes, and non-immune cells like fibroblasts, epithelial
cells, and endothelial cells [34,35]. And allergic rhinitis induces
inflammation of the upper respiratory tract, which is associated
with mediators released by several types of hypersensitive immune
cells, including antigen presenting cells, eosinophils, B cells and
mast cells [36].

At present, a large number of studies have shown that TLRs
are widely involved in the pathogenesis of allergic rhinitis. For
example, Renkonen ] et al demonstrated that TLR 1-7 and TLR 9-10
proteins are expressed in nasal epithelium, which most probably
reflects to the active innate immunity functions of nasal epithelium
and then causes the occurrence of allergic rhinitis [37]. Cui XY et al
demonstrated the increases in mRNA as well as protein expressions
of TLR2 and TLR4 in patients with Persistent allergic Rhinitis
(PER), and localized the cellular distributions of TLR2 and TLR4 in
the nasal tissues, then thought TLR2 and TLR4 might be one of the
major contributors to the persistence and aggravation of allergic
inflammation in PER [38]. Rich expression of TLRs (TLR3, TLR7,
TLR9) has been found in the nasal epithelial cells of AR patients.
Initial activation of TLRs will trigger the self-protection mechanism,
but excessive activation of TLRs will lead to inflammatory response
due to continuous secretion of pro-inflammatory cytokines and
chemokines [39]. Pattern Recognition Receptors (PRRs) in the form
of Toll-Like Receptors (TLRs) have been immunolocalized within the
sinonasal epithelium. The sinonasal epithelium lies at the interface
between the host and environment and is the primary site of innate
immune interaction. So TLRs participate in the pathogenesis of
allergic rhinitis through affect the innate immunity.In addition
to innate immunity, the involvement of adaptive immunity in the
development of nasal allergic inflammation has been previously
documented. Allergic rhinitis is an IgE mediated specific type I
hypersensitivity reaction, which is induced by the imbalance of Th1
and Th2 immune responses in the body and the nasal mucosal Th2
immune response and is characterized by accumulation of T-helper
(Th) 2 cytokines and eosinophil inflammation of the nasal mucosa
[40]. Therefore, regulating the balance of Thl and Th2 immune
responses has a preventive and curative effect on allergic rhinitis.

TLRs are pivotal actors in shaping the effective and healthy
adaptive immunity with the development of immune deviation
from the Th2 to Th1 phenotype and maturation of Treg cells [41,42].
TLRs recognize their ligands in homodimeric or heterodimeric
form. All kinds of TLRs are induced alone by their ligands except
TLR2, which is induced via heterodimerization with TLR1 or TLR6
in combination with its ligands. The lipopolysaccharide (LPS)
(TLR4), Single-Stranded Ribonucleic Acid (ssRNA) (TLR7 and
TLR8), Deoxyribonucleic Acid (DNA) (TLR9), Double-Stranded

RNA (dsRNA) (TLR3), lipoproteins (recognized by TLR1, TLR2 and
TLR6), flagellin (TLR5) are some of the ligands that recognized
by TLRs [43,44]. Activation of TLRs has been shown to aggravate
or ameliorate airway reactivity and inflammation. TLR3/ligand
interactions are significantly associated with the deterioration
of allergic rhinitis symptoms via up-regulation of Thl cytokine,
besides, Contoli etal also reported that Th2 cytokines downregulate
the expression of TLR3 in the bronchial epithelial cell of patients
suffering from allergic rhinitis. However, TLR7 and TLR8/ligand
interactions are associated with the amelioration of allergic
rhinitis symptoms through the suppression of Th2 responses
[9,45]. What's more, when TLR4 binds to its ligand, it induces
ThO cells to differentiate into Th2 cells, therefore promotes the
occurrence of allergic rhinitis. And administration of TLR4-short
hairpin RNA (shRNA) alleviates the allergic symptoms of allergic
rhinitis mice by regulating the production of pro inflammatory
mediators [46]. In mice, allergic rhinitis response to house dust
mite might result from TLR2 signaling axis in the nasal mucosa,
whereas in the lung mucosa the allergic asthma response occurs
predominantly via TLR4 signaling axis [47]. And further study
suggests that TLR4 signaling is critically involved in Th2 but not
Th1 sensitization to inhaled antigens [48]. Meanwhile, TLR9 has
been used as a promising target for intervention and treatment of
allergic disease in animal models and clinical trials because of its
ability to mediate a Th1-dominant response to reverse an allergic
phenotype [49]. What's more, all TLRs except TLR8 are expressed
in the eosinophils, but the expression of TLRs in eosinophils is
relatively low compared to other granulocytes such as neutrophils.
And eosinophils are associated with type 2 immune responses,
including allergic inflammation and helminth parasitic infections.
Studies have shown that eosinophils stimulated with TLR4 ligands
induce upregulation of immune response regulating cytokines [50].

So TLRs participate in the pathogenesis of allergic rhinitis by
affect and regulate the adaptive T cell response and alter the Th1/
Th2 immune balance. What’s more, signal transduction pathways
through TLR are also involved in the pathogenesis of allergic
rhinitis, which is a chronic inflammatory disease of nasal mucosa.
The transmembrane TLR proteins detect the invading pathogens
and binds to the microbial molecules. Following the formation of
TLR and PAMP molecule complex, dimerization of TLRs induces
a cascade of TLR signaling to trigger expression of various genes
like cytokines, chemokines, Mono Histo Compatibility complex
(MHC) and co-stimulatory molecules which are involved in the
host immune function [51]. There are two different TLR signaling
pathways depending on the adaptor molecule : one that requires
myeloid differentiation factor-88 (MyD88) as an adaptor protein or
another that involves the Toll/Interleukin-1 Receptor (TIR) domain
containing adaptor protein inducing IFN-$ (TRIF). The TRIF-
dependent pathway is considered specific to only few TLRs such
as TLR3 and TLR4, but except TLR3, all TLRs utilize the MyD88-
dependent signaling pathway. The MyD88-dependent signaling
leads to the activation of nuclear factor kappa-B (NF-kB), activating
protein (AP)-1, or interferon regulatory factor (IRF)-1, IRF-5, and
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IRF-7, while the TRIF-dependent signaling leads to activation of
NF-kB and IRF-3 and its downstream signaling cascade. NF-«B
is the master regulator of all TLR signaling mechanisms and its
activation is the critical event in TLR-mediated activation of the
innate immune response. Although the two types of pathways both

activate NF-xB signaling pathway, the MyD88-dependent pathway
can induce the production of inflammatory cytokines, and the TRIF-
dependent pathway is not sufficient to induce cytokine expression
but can induce the production of type I IFN (shown in Figurel)
[17,52-55].
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Figure 1: TLRs and their signaling pathways. Ten Toll-like receptors (TLRs) are grouped into extracellular (TLR1, TLR2,
TLR4, TLR5, TLR6, and TLR10) and intracellular (TLR3, TLR7, TLR8, and TLR9) subtypes. MyD88 and TRIF are two
main pathways in TLR signaling transduction. TLR3 is the only TLR that uses the TRIF-dependent pathway, whereas the
other TLRs utilize the MyD88-dependent pathway. Exceptionally, TLR4 can trigger both pathways. These two pathways
induce downstream signaling events and leadtoinduction of gene expression (such as proinflammatory cytokines and

type I IFNs).

After the NF-xB pathway was activated, the gene transcription
of an array of inflammatory cytokines including interleukin-1f
(IL-1B), tumor necrosis factor a (TNF-a) is induced, which can
reactivate the NF-kB pathway as extracellular stimulation signals.
And NF-xB signaling pathway plays an important role in the
regulation of cytokine networks of allergic rhinitis [56,57]. NF-
kB not only induces the transcription of several cytokines (e.g.,
TNF-a, IL-16, and IL- 6) and chemokines (e.g., IL-8, macrophage
inflammatory protein-1a, methyl-accepting chemotaxis protein
1 and eotaxin), but also regulates the expression of adhesion
molecules (e.g. E-selectin, vascular cell adhesion molecule-1, and
intercellular adhesion modecule-1). These cytokines, chemokines
and adhesion molecules are more or less related to the occurence of
allergic rhinitis. So signal transduction pathways through TLR also
are involved in the pathogenesis of allergic rhinitis by synthesis
and secretion of pro-inflammatory cytokines and co-stimulatory
molecules, which promote inflammatory responses of allergic
rhinitis. Figure 1 TLRs and their signaling pathways. Ten Toll-like
Receptors (TLRs) are grouped into extracellular (TLR1, TLR2, TLR4,
TLR5, TLR6, and TLR10) and intracellular (TLR3, TLR7, TLR8, and

TLR9) subtypes. MyD88 and TRIF are two main pathways in TLR
signaling transduction. TLR3 is the only TLR that uses the TRIF-
dependent pathway, whereas the other TLRs utilize the MyD88-
dependent pathway. Exceptionally, TLR4 can trigger both pathways.
These two pathways induce downstream signaling events and
lead to induction of gene expression (such as proinflammatory
cytokines and type I IFNs). Therapies of allergic rhinitis mainly
include intranasal steroids, antihistamines, leukotriene receptor
antagonists and allergen immunotherapy. In these major current
therapies of allergic rhinitis, allergen immunotherapy is the only
‘etiologic’ therapy that can change the natural history of allergic
disease, but allergen immunotherapy should be continued for a
minimum of three years. Pharmacologic therapies can temporarily
relieve symptoms and patients need a combination of these
drugs; however, once discontinuation of these measures occurs,
the immune system often reverts back to the allergic state [58].
Because these therapies have local or systemic side effects, so it
is necessery to explore and find new and effective treatments for
allergic rhinitis.
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TLRs not only participate in the innate immune response
but also affect the type and intensity of the acquired immune
response, stimulate immune cells to synthesize immune factors and
regulate the differentiation of T cells. Activation of TLRs and signal
transduction pathway through the TLR both participates in the
inflammation and immune response of allergic rhinitis, so TLR is a
new target for the treatment of allergic rhinitis. Almost all the TLRs
play a role in the development of respiratory allergy, they provide
major therapeutic targets to modulate the natural course of allergic
disease, but the exact mechanisms need to be further studied. So
far, agonists rather than antagonists of TLRs have been widely
employed in therapeutic or prophylactic preparations useful for
allergic rhinitis/asthma patients [59]. For example, partial TLR4,
TLR7, TLR8 and TLR9 agonist significantly reduced sypmptom
score and medication score in allergic rhinitis patients. But the
therapeutic dose, treatment time and cycle, mode of administration,
and many other questions need to be further studied.

Conclusion

Allergic rhinitis is characterized by the inflammation of the
nasal mucosa and is one of the most common chronic diseases in
the world, with its prevalence rapidly increasing over the past few
decades. Treatments of allergic rhinitis mainly include intranasal
steroids, antihistamines, receptor antagonists
and allergen immunotherapy, but the therapeutic effect is still
unsatisfactory, so it is necessary to explore novel and effective
treatments of allergic rhinitis. Activation of TLRs is not only a part
of the innate immune response, but also can affect and regulate the
adaptive T cell response and alter the Th1/Th2 immune balance,
and mediate related signaling pathway to participate in the
pathogenesis of allergic rhinitis. Although TLR is a new target for
the treatment of allergic rhinitis, its specific mechanism of action
still needs to be further studied. At present, TLR4, TLR7, TLR8 and
TLRO9 agonist have been used for allergic rhinitis; however, there is

leukotriene

a long way to widespread use of such treatment in the treatment of
patients with allergic rhinitis.
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