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Toll like receptors (TLRs) are an essential subset of pathogen recognition receptors (PRRs)which identify themi-
crobial components and contribute in the regulation of innate and adaptive immune responses against the infec-
tious agents. The TLRs, especially TLR2, TLR4, TLR5 and TLR9, participate in the induction of immune response
against H. pylori. TLR2 is expressed on a number of immune and non-immune cells and recognizes a vast
broad of microbial components due to its potential to form heterodimers with other TLRs, including TLR1,
TLR6 and TLR10. A number of H. pylori–related molecules may contribute to TLR2-dependent responses, includ-
ing HP-LPS, HP-HSP60 and HP-NAP. TLR2 plays a pivotal role in regulation of immune response to H. pylori
through activation of NF-κB and induction of cytokine expression in epithelial cells, monocytes/macrophages,
dendritic cells, neutrophils and B cells. The TLR2-related immune response that is induced by H. pylori-derived
components may play an important role regarding the outcome of the infection toward bacterial elimination,
persistence or pathological reactions. The immunomodulatory and immunoregulatory roles of TLR2 duringH. py-
lori infection were considered in this review. TLR2 could be considered as an interesting therapeutic target for
treatment of H. pylori-related diseases.

© 2017 Elsevier Inc. All rights reserved.
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1. Introduction

Several gastrointestinal diseases were powerfully related with
Helicobacter pylori (H. pylori) colonization in the human stomach, in-
cluding gastritis, peptic ulcers, gastric cancer and mucosa-associated
lymphoid tissue (MALT) lymphoma [1,2]. Some extra-gastrointestinal
disorders including hematologic, cardiovascular, metabolic, neurologic
and dermatologic diseases, were also associated with H. pylori infection
[3–7]. The prevalence of H. pylori infection shows highly variations
within and between countries, being 25–50% and N80% in the devel-
oped- and developing countries, respectively [2,8,9].

Approximately, 15–20%, 0.1%–3% and b0.01% of H. pylori-infected
subjects exhibit peptic ulcer, gastric cancer and gastric MALT lympho-
ma, respectively [2]. The clinical outcome of H. pylori infection is deter-
mined by a reciprocal communication between bacteria virulence
factors as well as by host genetic factors, such as immune response
genes, in addition to environmental factors [8,10,11]. The cytotoxin-as-
sociated gene A (CagA) and VacA (vacuolating cytotoxin A) molecules
are the most powerful bacterium virulence factors associated with the
severity of H. pylori-related gastrointestinal diseases [1,12]. The CagA+

strains of H. pylori induce more serious gastric mucosal injuries and
stronger inflammatory responses [13–15].

Different types of inflammatory cells such as dendritic cells (DCs),
macrophages, neutrophils, mast cells, and T and B cells, are accumulated
into the stomach of theH. pylori-infected subjects [16]. In contrast to the
great types of bacteria, which cause disease and then are cleared by the
pathogen-specific immune response, H. pylori establishes a permanent
infection and canpersist for long time, in spite of the induction of a pow-
erful innate and adaptive immune responses [17]. Therefore, H. pylori
has acquired several adaptive mechanisms that allow the bacterium to
escape the host immune responses. The specific immune response
that is induced duringH. pylori infectionmay be an important determin-
ing parameter that influences the outcome of the infection toward bac-
terium elimination, protection, evasion, or pathologic process [18].

Toll-like receptors (TLRs) contribute in the regulation of innate and
adaptive immune responses against the infectious agents that may in-
fluence the infection outcome toward pathogen elimination, persis-
tence and occurrence of clinical consequence [19]. A number of TLRs,
especially TLR2, TLR4, TLR5 and TLR9, participate in the induction of im-
mune response against H. pylori [20]. TLR2 recognizes a vast broad of
microbial components due to its potential to form heterodimers with
other TLRs including TLR1, TLR6 and TLR10 [21]. The powerful immuno-
modulatory effects have been attributed to TLR2. It has been clearly
demonstrated that TLR2 influences the outcome of some infections
such as Mycobacterium tuberculosis, hepatitis C virus and Candida
albicans [22–24]. The immunomodulatory and immunoregulatory

roles of TLR2 during H. pylori infection were considered in this review.
We aimed also to describe the potential application of this TLR for the
development of future anti-H. pylori therapies.

2. Structure and properties of toll-like receptors

TLRs are integral membrane glycoproteins that are composed of
three parts: an N-terminal extracellular domain with leucine-rich re-
peats (LRRs) that binds to ligand, a single transmembrane motif and a
signaling C-terminal cytoplasmic domain, which is also known as Toll/
interleukin-1 receptor (TIR) domain due to its homology with interleu-
kin-1 receptors (IL-1R) [19].

TLRs are an important subset of membrane-related pathogen recog-
nition receptors (PRRs) that play fundamental roles in identification of
exogenous pathogen-associated molecular patterns (PAMPs) and en-
dogenous components that specified as damage-associated molecular
patterns (DAMPs) [25]. PAMPs are conserved components that origi-
nate from microorganisms such as peptidoglycan, lipopolysaccharide
(LPS), flagellin, and microbial nucleic acids, whereas most endogenous
DAMPs derive fromdyinghost cells following cellular stress (such as ox-
idative stress) or tissue injury, for example heat shock proteins [26]. The
binding of TLRs to PAMPs or DAMPs induces a variety of intracellular
signaling pathways that result in the expression of pro-inflammatory
cytokines and chemokines, and regulate the type, extent or duration
of the inflammatory response [25]. Ten operative TLRs were identified
in humans, of which TLR1, 2, 4, 5, 6, and 10 are placed on the cell surface
and recognize microbial membrane components, including lipopro-
teins, lipids and proteins, while TLR 3, 7, 8, and 9 are located in intracel-
lular compartments, such as the endosome and the endoplasmic
reticulum, and bind to microbial nucleic acids [25].

3. Expression and functions of TLR2

TLR2 was identified in 1998 and acts as a receptor for a number of
PAMPs which are originated from bacterial, fungal, viral and parasitic
agents [27]. TLR2 is expressed by antigenpresenting cells (APCs) includ-
ing macrophages, monocytes and DCs, including plasmacytoid DCs in
mice and Langerhans DCs but not plasmacytoid DCs in humans. Al-
though human naive T, B and NK cells do not express TLR2, activated
B cells in germinal centers of tonsils, lymph nodes and appendices ex-
press this molecule [28].

TLR2 recognizes a largest number of ligands, such as bacterial cell
wall-associated molecules [including lipoproteins, peptidoglycan,
lipoteichoic acid, di- and tri-acylated lipopeptides, lipoproteins, lipo-
polysaccharides (LPS) from some bacterial species (e.g., Porphyromonas
gingivalis), porins from Neisseria, lipoarabinomannan from
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