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Abstract
Toll-like receptors (TLR) are a family of receptors that play an important role in innate immune response. Their pres-
ence has been confirmed in macrophages, dendritic cells, neutrophils and mast cells. Toll-like receptors receptors
recognize microbial products and their activation triggers the innate immune response mechanism. They can also
participate indirectly in the adaptive immune response. Allergic asthma is a chronic inflammatory disease with char-
acteristic clinical symptoms including airway hypersensitivity, airway obstruction and wheezing. Airway inflamma-
tion is related to eosinophilia, elevated levels of inflammatory mediators and excessive mucus secretion. In animal
models it has been shown that Toll-like receptors, because of their role in immunological processes, may be an
important therapeutic target in asthma.
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Introduction

Toll receptors were first discovered in Drosophila where
they are involved in the defense mechanisms [1]. Recep-
tors similar to Toll have been also identified in mammals
and they were named Toll-like receptors (TLR). These recep-
tors belong to transmembrane receptors and consist
of three domains: extracellular, transmembrane and cyto-
plasmatic. The domains are composed of glycoproteins
with molecular weight of 90-115 kDa with specific charac-
teristics: extracellular domain contains leucine-rich repeats
– LRR, cytoplasmic domain is similar to interleukin 1 recep-
tor TIR (Toll-IL-1 receptor), with intracellular C-terminal
end rich in cysteine residues responsible for the regula-
tion of signal transduction (Figure 1) [2, 3].

Toll-like receptors are present in macrophages, den-
dritic cells, B cells, mast cells, eosinophils, neutrophils,
epithelial cells, endothelial cells, cardiomyocytes and
adipocytes [4]. Toll-like receptors belong to the PRR recep-
tors (pattern recognition receptors) and play a role in
innate immune response, and indirectly in adaptive
immune response [5]. Medzhitov et al. showed that Toll
receptors play a role in the induction of expression
of cytokines such as interleukin-1, 6, 8 (IL-1, IL-6, IL-8) and
activation of nuclear factor κB (NF-κB) in the human

immune system. This discovery proves that the TLR recep-
tors also play a role in immune reactions in humans [6]. 

Toll-like receptors ligands are derived from microor-
ganisms and include lipopolysaccharides (LPS), proteo-
glycans (PGN), heat shock proteins (HSP) and nucleic acids.
These endogenous structures were termed pathogen-
associated molecular patterns (PAMP). Binding the ligand
to the TLR receptor triggers activation of specific immune
response through increased synthesis of pro-inflamma-
tory cytokines and antimicrobial factors as well as by stim-
ulation of dendritic cells maturation. Moreover, TLRs can
also activate antigen presenting cells (APCs) and induce
the release of interleukins, chemokines, and nitric oxide.
These processes lead to the activation of adaptive
immune response [7]. 

To date, thirteen TLR receptors binding ligands from
different microorganisms have been identified. Taking into
account differences in the affinity for ligands, receptors
were divided into five subfamilies: TLR2 subfamily, which
consists of TLR1, TLR2, TLR6 that have high affinity for bac-
teria, TLR3 receptor that binds with RNA viruses, TLR4 that
recognizes bacteria, heat shock proteins (HSP) and virus-
es, and TLR9 subfamily, which includes TLR7, TLR8, TLR9
and is associated with RNA and DNA viruses [3]. 
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The important role of Toll-like receptors has been found
in many diseases such as asthma, ischemic heart disease,
coronary artery disease, non-specific inflammatory bow-
el disease, acute tubular necrosis, psoriasis, rheumatoid
arthritis, tumor angiogenesis and transplant rejection
processes. Taking into account the role of TLR receptors in
the pathogenesis of many diseases, they are seen as
potential therapeutic targets for the treatment [7, 8].

Toll-like receptors and allergic asthma

Allergic asthma is a chronic inflammatory disease with
characteristic clinical symptoms including airway hyper-
sensitivity, airway obstruction and wheezing [9]. Airway
inflammation is related to eosinophilia, elevated levels
of mediators of inflammation and excessive mucus secre-
tion. An important role in the development of asthma was
attributed to Th1 and Th2 cells. The Th1 population is
responsible for the mechanism of cell response and Th1
cells’ ability to secrete interleukin 2 (IL-2) and interferon γ
(INF-γ). Th2 cells are responsible for the humoral response
and overproduction of antibodies IgE and activating 
B cells in asthmatics. Th2 cells are the source of inter-
leukins (IL-4, IL-5, IL-6, IL-10, IL-13) [10]. In asthmatic

patients, the balance between Th1/Th2 cell populations
is shifted towards Th2 cells. Overexpression of cytokines
contributes to the influx of a variety of effector cells and
their stimulation that lead to inflammation and airway
hypersensitivity [11, 12]. 

The development of allergic diseases from early child-
hood to adolescence later in life led to the development
of the hygiene hypothesis. Studies in the neonatal immune
system have shown that children that had no contact with
the pathogens are more prone to allergy in adult life.
The fetal Th2 phenotype (allergic) tends to persist after
birth and later in life. This results in increased immune
response upon contact with allergens [13]. Frequent con-
tact with microorganisms in childhood triggers switch to
Th1 phenotype. A limited contact with microorganisms in
childhood contributes to the development of allergic Th2
phenotype, therefore, infections acquired early in life may
protect children from asthma. Gram negative bacteria,
mycobacteria and many viruses induce strong Th1 cell
response [14]. Because of the role of TLR receptors in
the immune response, in both humoral and cellular poten-
cy, they can be a target in antiasthmatic therapy.

Sel et al. showed in an animal model that synthetic
ligands (polycytidylic-polyinosinic acid (p[I:C]) and R-848)
for TLR3 and TLR7 prevented the production of IgE and
IgG1 antibodies. Therefore, systemic application of the
synthetic ligands for TLR3 and TLR7 protects against
the development of asthmatic symptoms and reduces
the symptoms already present such as allergic airway
inflammation and airway hyperresponsiveness [15]. 

Vultaggio et al. showed that 9-benzyl-2-butoxy-
8-hydroxy adenine, called SA-2, a ligand for TLR7, inhibits
both Th17 and Th2 response [16]. TLR7 and TLR9 can pro-
tect from allergic diseases by stimulation of antigen pre-
senting cells to secrete cytokines that favor Th1 respons-
es. TLR7 is expressed in natural killer T cells (NKT) which
are capable of secretion of interferon γ that supports
the development of Th1 response [17]. Moreover, it has
been shown that adolescents with asthma have reduced
TLR7 function that possibly increases their susceptibility
to viruses causing respiratory diseases [18].

In the animal models of asthma Kline et al. demon-
strated that TLR9 ligand (oligonucleotides containing
unmethylated CpG sequences [CpG-ODNs]) can prevent
ariway inflammation. Administration of oligonucleotides
containing unmethylated CpG sequences (CpG-ODNs)
prevents induction of Th2 cytokine production, airway
eosinophilia, bronchial hyperreactivity and IgE production
[19]. Moreover, Jain et al. showed that TLR 9 ligand – CpG
oligodeoxynucleotides (CpG-ODNs) also prevents ariway
remodeling in a murine model of chronic asthma. They
sensitized mice to ovalbumin that susequently led to
the development of airway remodeling (subepthelial cola-
gen depositon, goblet cell hyperplasia). Meanwhile, mice
that received CpG oligodeoxynucleotides had a signifi-
cantly reduced risk of airway remodeling [20].

FFiigguurree  11..  Toll-like receptor (modified by Akira, 2003 [3])
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Studies on TLR6 indicated this receptor as a potential
therapeutic target for asthma treatment. Moreira et al.
demonstrated that Tlr6–/– mice challenged with Asper -
gillus fumigatus and house dust mite allergens developed
chronic asthma demonstrating a significantly lower level
of IL-23 and IL-17 as compared to the wild type mice with
induced asthma. Interleukin-23 produced by macrophages
and dendritic cells influences differentiation of T cells
towards Th17 subpopulation. Th17 cells produce IL-17
responsible for activation of neutrophils and to extracel-
lular bacteria and fungi. Administration of exogenous IL-
23 to mice resulted in the restored production of IL17 and
reduced hyperresponsiveness as well as other asthmatic
symptoms as compared to the untreated asthmatic Tlr6–

/– mice [22].
Taken together, all these results suggest that TLR

receptors may play an important role in the antiasthmat-
ic therapy.

Recombinant vaccines

Vaccines that have a structure similar to TLR receptor
ligands may be also helpful in the therapy of patients with
hypersensitivity. So far, there have been attempts to pro-
duce vaccines being ligands for TLR9. The study involved
patients with allergic rhinitis sensitized to ambrosia,
a potent allergen, who were tested with vaccine design -
ed as TLR9 agonist [22]. The authors examined whether
the major ragweed Amb A protein linked to CpG DNA lig-
and (conjugated referred to as Amb a I immunostimula-
tory DNA conjugate – AIC) is able to inhibit Th2 cytokine
response, reducing the symptoms of allergic rhinitis  
during the pollen season. In studies by Creticos et al.
a sample of patients suffering from allergic rhinitis were
subjected to the second phase of the drug study [23].
Those patients received the AIC vaccine before the rag-
weed pollen season. A significant decrease in symptoms
throughout the year was observed in treated patients,
and also in subsequent years during the peak plant pollen
season [22]. Preliminary results showed that the AIC vac-
cine blocked the Th2 response in peripheral blood [24, 25]
and reduced eosinophilic rhinitis in the ragweed bloom-
ing season. Biopsies from the nose of treated patients
showed an increased IFN level suggesting changes in
the immune response, but did not show a reduced
amount of IL-4 or eosinophils [26]. 

During in vitro studies, it was shown that binding
of allergens with IgE on basophil causes their degranula-
tion. Use of AIC vaccine significantly reduces histamine
release from basophils following allergen challenge [23].
However, the AIC vaccine activates the Th1 phenotype
of immune response that may contribute to the develop-
ment of autoimmune diseases. For this reason, it should
be carefully monitored. 

Because of the role of TLR receptors in immunological
processes as evidenced by the described results of stud-

ies based on animal models analyzing these receptors,
they are an important therapeutic target for asthma. 
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