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Abstract

Inflammatory bowel disease (IBD) is the chronic inflammation of the gastrointestinal tract. Recently,

studies of the interplay between the adaptive and innate immune responses have provided a better

understanding of the immunopathogenesis of inflammatory disorders such as IBD, as well as

identification of novel targets for more potent interventions. Toll-like receptors (TLRs) are a class of

proteins that play a significant role in the innate immune system and are involved in inflammatory

processes. Activation of TLR signal transduction pathways lead to the induction of numerous genes

that function in host defense, including those for inflammatory cytokines, chemokines, and antigen

presenting molecules. It was proposed that TLR mutations and dysregulation are major contributing

factors to the predisposition and susceptibility to IBD. Thus, modulating TLRs represent an innovative

immunotherapeutic approach in IBD therapy. This article outlines the role of TLRs in IBD, focusing on

both animal and human studies; the role of TLR-targeted agonists or antagonists as potential

therapeutic agents in the different stages of the disease is discussed. (C) 2017 Elsevier Ltd. All rights

reserved.
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A B S T R A C T

Inflammatory bowel disease (IBD) is the chronic inflammation of the gastrointestinal tract. Recently, stud-
ies of the interplay between the adaptive and innate immune responses have provided a better understanding
of the immunopathogenesis of inflammatory disorders such as IBD, as well as identification of novel targets
for more potent interventions. Toll-like receptors (TLRs) are a class of proteins that play a significant role in
the innate immune system and are involved in inflammatory processes. Activation of TLR signal transduction
pathways lead to the induction of numerous genes that function in host defense, including those for inflam-
matory cytokines, chemokines, and antigen presenting molecules. It was proposed that TLR mutations and
dysregulation are major contributing factors to the predisposition and susceptibility to IBD. Thus, modulating
TLRs represent an innovative immunotherapeutic approach in IBD therapy. This article outlines the role of
TLRs in IBD, focusing on both animal and human studies; the role of TLR-targeted agonists or antagonists as
potential therapeutic agents in the different stages of the disease is discussed.

© 2017.

1. Introduction

Crohn’s disease (CD) and Ulcerative Colitis (UC), collectively en-
titled inflammatory bowel diseases (IBD), are chronic inflammatory
disorders of the gastrointestinal (GI) tract. These diseases are charac-
terized by fatigue, bloody diarrhea, abdominal pain, weight loss, and
increased risk of GI tumors. CD and UC can be distinguished by the
tissues affected; CD might affect any region of the GI tract in a discon-
tinuous and transmural manner, while UC is restricted to the surface
mucosa of the colon and particularly the rectum [1,2].

The etiology of IBD remains unclear and the pathogenesis seems to
be multidimensional and multifactorial, involving interactions among
immune, environmental, and genetic factors. Dysregulation of

⁎ Corresponding author at: Institute of Medicinal Plants, ACECR, Karaj-Qazvin
Freeway, Supa Boulevard, Jahade-Daneshgahi Research Society, P.O Box:
141554364, Alborz, Karaj, Iran.
⁎⁎ Corresponding author at: Children’s Medical Centre Hospital, Dr Qarib St,
Keshavarz Blvd, Tehran, Iran.
Email addresses: rezaei_nima@tums.ac.ir (N. Rezaei); amirhosein172@hotmail.
com (A.H. Abdolghaffari)

the intestinal immune response, for example by breakdown of toler-
ance to normal bacterial flora or environmental antigens is suggested
to play an important role in the pathogenic mechanism of IBD; it
is plausible that initiation and perpetuation of the inflammatory re-
sponses in IBD may be a result of upregulated host defense reactions
of the intestinal epithelium to commensal bacteria [3,4]. The immune
system balance can be disturbed by either an overactive effector cell
response of the immune system or a lack of regulatory mechanisms
[5]. Genetic predisposition, such as polymorphisms of a number of
contributory genes, are likely involved in the pathogenesis of IBD
[6,7].

Toll-like receptors (TLRs) are a class of proteins that play a signifi-
cant role in the innate immune system. They are type 1 transmembrane
receptors that recognize molecules derived from pathogens. TLRs are
a type of pathogen pattern recognition molecules (PRRs) [8] and rec-
ognize pathogen-associated molecular patterns (PAMPs) and dam-
age-associated molecular patterns (DAMPs) [9]. Together with con-
tributions of the secreted proteins MD-2 and CD14 [10], they stim-
ulate downstream signal transduction molecules and lead to the ac-
tivation of nuclear factor (NF)-ĸB and activator protein-1. This in-
duces the expression of inflammatory mediators from effector cells,

https://doi.org/10.1016/j.phrs.2017.11.017
1043-6618/© 2017.
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directly influencing the immune response and bridging between innate
and acquired immunity [11]. Expression of the innate immune recep-
tors plays a key role in the process of abnormal and enhanced inflam-
matory responses. TLR mutations and dysregulation are major con-
tributing factors in the predisposition and susceptibility to IBD. Pre-
vious cellular and animal studies indicated that activation of TLR re-
sponses in intestinal epithelium by commensal bacteria play a major
role in colonic homeostasis and tolerance induction in the gut [12–14].
It is well-known that TLRs are essential components of innate im-
munity that recognize microbial components from bacteria, fungi and
viruses. TLR activation can lead to secretion of proinflammatory me-
diators. Despite the fact that TLR activation results in the transcrip-
tion of inflammatory and immunoregulatory genes, some studies have
shown that TLR signaling in the intestine might also limit inflamma-
tory responses and maintain colonic homeostasis [15].

TLRs are expressed in immune cells, fibroblasts and epithelial
cells. In healthy and disease conditions, TLR1 to 9 have been de-
tected in human intestine at least at the mRNA levels. Different cell
types in the GI tract appear to express TLRs either constitutively or
inducibly, including primary intestinal epithelial cells (IECs), mono-
cytes or macrophages, dendritic cells of the lamina propria, and my-
ofibroblasts, endothelial cells and adipocytes of the gut submucosa

Fig. 1. Multidimensional regulatory triad controlling TLR function in the intestinal mu-
cosa.

[16]. IECs of normal mucosa constitutively express TLR2, TLR3,
TLR4 and TLR5 and their expression is altered in patients with IBD.
For instance, TLR4 and TLR2 are extensively upregulated in IBD
and other inflammatory conditions of the gut [17]. TLR8 and TLR9
were also upregulated in intestinal cells of patients with CD and UC
[18,19]. On the other hand, in some studies the expression of TLR3
and TLR5 in the intestinal epithelium appeared downregulated in CD
and UC patients [20–22]. These data suggest that IBD might be as-
sociated with specific alterations in selective TLR expression in the
intestinal epithelium. Concerning previous descriptions, TLRs activa-
tion can lead to induction of inflammatory processes in the gut, on the
other hand, sustained inflammation can lead to increased tissue injury,
epithelial cell necrosis, and the subsequent release of DAMPs [23,24],
which activate PRRs such as TLR2, and in turn, induce further inflam-
mation in a repeating cycle that eventually results in chronic inflam-
mation [25]. Taken together, the immune imbalance and inflammation
in IBD might be either the cause or the effect of TLR dysregulation in
IECs (Figs. 1 and 2).

Discovering the underlying molecular events in IBD is essential
for developing new therapies. The primary approach for treating IBD
is suppression of inflammation in the bowel during the active dis-
ease state and to restrain inflammation during remission [26]. Current
treatments, including anti-inflammatory and immunosuppressive reg-
imens, are not curative and merely lessen the degree of intestinal in-
flammation [27]. As a result, the limited outcomes with current treat-
ment strategies accompanied by substantial side effects highlights the
need for novel and complementary interventions. Data now defining
the involvement of innate immunity and the significant role of the
TLRs in IBD [28] suggest that more advantageous immunotherapeu-
tic interventions could be through specific TLR-targeting strategies,
some of which have been successfully introduced in other inflamma-
tory conditions. In order to acknowledge this potential consequence,
first, we will have to discuss the alterations of TLRs specifically in
IBD by reviewing all conducted research. Finally, thorough consider-
ation of all the information from this review, can lead us to an assump-
tion toward the benefit of TLRs as therapeutic target for IBD.

Fig. 2. Crosstalk between TLRs and related adaptor molecules and activated signaling cascade. TLRs play a significant role in the innate immune system. Except TLR3, which signals
through TRIF, signaling of all TLRs is MyD88-dependent. TLRs recognize PAMPs and DAMPs and with contribution of regulatory proteins lead to stimulation of downstream signal
transduction molecules, finally inducing/inhibiting secretion of inflammatory mediators and initiating biological response.
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2. TLR structure, function, and signaling

Recognition of PAMPs involves the contribution of innate immune
receptors, including TLRs, membrane-bound C-type lectin receptors,
nucleotide binding oligomerization domain-like receptors, and
retinoic-acid inducible gene-I-like receptors. Together they play a crit-
ical and integrated role in host defense against pathogens. In addition,
these receptors recognize DAMPs to initiate controlled innate immune
responses which are normally well-regulated to avoid autoimmune de-
struction [29–32]. TLRs share significant homology with type 1 inte-
gral membrane glycoprotein receptors since they are composed of an
extracellular N-terminal ligand recognition domain, typically contain-
ing 16–28 leucine-rich repeats, and an intracellular C-terminal cyto-
plasmic signaling region, known as the Toll IL-1 receptor (TIR) do-
main owing to homology with the signaling domains of IL-1 recep-
tor family members. The TIR domain mediates interactions between
TLRs and TIR-domain-containing adaptor proteins, leading to the bi-
ological specificity of the TLR response [33–36]. The TIR domain
also consists of locales fundamental for association between homo-or
heterodimeric TLR subunits and additionally incorporating cytoplas-
mic adapter proteins to activate downstream cascades. The TIR do-
main is not particular to TLRs and is also involved in the action of
receptors of the IL-1, IL-18, and IL-33 families, identifying possi-
ble convergence with common immune responses to different inflam-
matory stimuli [37]. To date, 10 human and 13 murine TLRs have
been characterized (Tables 1–3). Human TLR1, TLR2, TLR4, TLR5,
and TLR6 are expressed on the cell surface, whereas TLR3, TLR7,
TLR8, and TLR9 are generally localized in intracellular compartments
[32,38,39]. TLRs possess the ability to recognize a wide spectrum of
exogenous and endogenous stimuli including lipids and lipopeptides
(TLR2/1, TLR2/6, and TLR4), proteins (TLR5 and TLR11), and nu-
cleic acids (TLR3, TLR7, TLR8, and TLR9) [16,40]. Several endoge-
nous TLR ligands have been identified, including intracellular pro-
teins, nucleic acids, and extracellular matrix components. These lig-
ands, often released from necrotic, stressed, or damaged cells, con-
tribute to activation of the innate immune response, acting as endoge-
nous danger signals to induce and promote defensive inflammatory re-
sponses [32,41].

Except for TLR3, all TLRs signal through the adaptor protein
myeloid differentiation factor 88 (MyD88) [16]. The TLR3 pathway
requires TIR-domain-containing adapter-inducing interferon (TRIF),
while TLR4 signals through both MyD88-dependent and TRIF-de-
pendent signaling pathways [42,43]. Following ligand binding, TLRs
stimulate signaling components to initiate several immune responses.

For example, TLR1/2, TLR2/6, and TLR5 induce inflammatory cy-
tokines, while TLR3 and TLR4 induce both type I interferon and
inflammatory cytokine responses [44] These differences are likely
the result of different signaling cascades involving different TIR-do-
main-containing adaptor molecules.

The signal transduction pathways initiated and propagated via
complex intracellular signaling pathways results in the activation of
the transcription factor NF-ĸB and activating protein 1 following the
cascades of mitogen-activated protein kinases. This leads to induc-
tion of gene transcription of many proinflammatory cytokines, such as
IL-1, IL-6, IL-12, and TNF- α, chemokines, adhesion molecules, acute
phase proteins, costimulatory molecules, and other transcription fac-
tors [45]. The final result depends on the crosstalk between TLRs and
adaptors and the activated signaling pathways [32,46]. Regardless of
the differences, each of the downstream effects is involved in conser-
vation of host homeostasis through control of the surrounding milieu.

Throughout the GI tract, both epithelial and non-epithelial cells ex-
press TLRs. The ability of the host to recognize commensal non-path-
ogenic and pathogenic organisms resides in the particular tissue ex-
pression of TLRs in GI tract. It was reported that the expression of
a functional TLR such as TLR2, TLR3, TLR4, TLR6 or TLR7 was
increased after intestinal myofibroblasts were stimulated by LPS. In
this manner it could be shown that the expansion of TLRs is a reac-
tion against pathogens in the subepithelial compartment [47]. Like-
wise, it has been found that TLR2 and TLR4 are expressed in crypt ep-
ithelial cells, while mature IECs express TLR3. Expression of TLR2
and TLR4 in crypt epithelial cells does not always appear advanta-
geous to the host in light of the fact that these cells don't specifically
contact commensal organisms. Additionally, expression of TLR3 in
the intestinal lumen may have a limited role in that the TLR3 lig-
and, viral dsRNA, is not normally present in the gut microflora [48].
So, it seems that mechanisms involved in regulation of TLRs ex-
pression and activity in the gut is crucial for the balanced gut im-
munity. Studies in humans as well as animal models have demon-
strated some of the underlying mechanisms which regulate TLR ex-
pression and activation in the GI tract; these mechanisms provide the
GI mucosa with the ability to avoid immune reactions against di-
etary antigens and commensal flora [49]. Regulation of TLRs in the
GI tract may exhibit unique features due to the particular environ-
ment with continuous exposure to commensual microflora and in-
vading pathogens. Expression and activation of TLRs could be regu-
lated through different mechanisms including downregulation of sur-
face expression of TLRs on the gut epithelium, the specific movement
and compartmentalization of TLR-communicating cells in the stom-
ach, and moreover the existence of TLR-foes or tightening factors that

Table 1
Toll-like receptors (TLRs) characteristics.

TLR Adaptors Accessory Molecules Ligands Cell Types

TLR1 MyD88/TRIAP PRAT4A, gp96 Triacyl lipopeptides Monocytes/Macrophages, Dendritic cells, B lymphocytes
TLR2 MyD88/TRIAP CD14, CD36, RP105/

MD-1, gp96
Lipoproteins/lipopeptides, peptidoglycan,
lipoteichoic acid, others.

Monocytes/Macrophages, Neutrophils, Myeloid dendritic cells, Mast cells

TLR3 TRIF CD14, Unc93B, gp96 dsRNA (virus)
TLR4 MyD88/TRIAP,

TRIF/TRAM
Lipopolysaccharide (LPS), HSP, Fibrinogen,
Heparin sulfate, others.

Monocytes/Macrophages, Neutrophils, Myeloid dendritic cells, Mast
cells, B lymphocytes/intestinal epithelium

TLR5 MyD88 gp96 Flagellin Monocytes/Macrophages, Dendritic cells, Intestinal epithelium
TLR6 MyD88/TRIAP CD14, CD36 D-acyl-Lipopeptides Monocytes/Macrophages, Mast cells, B lymphocytes
TLR7 MyD88 Unc93B, gp96,

PRAT4A
ssRNA

TLR8 MyD88 ssRNA
TLR9 MyD88 HMGB1, LL37,

Unc93B, gp96
Unmyelinated CpG DNA,
oligodeoxynucleotide DNA

Monocytes/Macrophages, Plasmacytoid dendritic cells, B lymphocytes

TLR10 MyD88
TLR11 MyD88 Uropathogenic bacteria
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Table 2
Association of primary genetic defects in TLR function with IBD susceptibility/progres-
sion.

TLR1-R80T UC pancolitis

TLR2-R753Q UC pancolitis, impairs IEC restitution and
communication

TLR4-D299G and T399I Increased susceptibility to IBD, interrupts LPS
signaling

TLR5-stop decreased susceptibility to IBD, reduces adaptive
immune responses to flagellin

TLR6-S249P decreased susceptibility to IBD proctitis
TLR9-(-1237T/C),
−(2848A/G) (SNP)

CD variants CARD15, IL23R, DLG5

Table 3
Association of dysregulation of TLRs expression with CD and UC.

TLRs Expression in CD Expression in UC

TLR1 Not changed Not changed
TLR2 Not changed Controversial: not changed/upregulated
TLR3 Controversial:not changed/

downregulated
Controversial: not changed/upregulated

TLR4 Increased Increased
TLR5 Increased Increased
TLR6 Not changed significantly Not changed significantly
TLR8 Not changed Controversial: not changed/upregulated/

downregulated
TLR9 Not changed Controversial: not changed/increased

expression

could reduce the expression of TLRs [21,50]. These components can
recognize and rapidly initiate effective host defense reactions against
invading pathogens. Expression of TLR antagonists is another process
in the regulation of TLR activities in the GI mucosa as they inhibit
the activation of TLRs at the cell surface. Toll-interacting protein
(TOLLIP) inhibits TLR signaling through interaction with IL-1 re-
ceptor-associated kinase (IRAK), a major component of the TLR sig-
naling cascade [51]. TOLLIP mRNA was significantly expressed in
healthy colonic mucosa, and after delayed presentation of TLR ligands
to TLR-hyporesponsive primary and immortalized IEC, TOLLIP was
upregulated [52,53]. TLR-attenuating factors are known to suppress
TLR signaling. The deficiency of some of these TLR-attenuating fac-
tors has been demonstrated in cases of intestinal inflammation [54].

3. The role of TLRs in human IBD

Recent studies suggest that dysfunction or dysregulation of TLR
expression and activation in IEC as well as polymorphism in TLR
genes are contributors to the development and progression of IBD
[55]. The high expression of certain TLRs in IBD may be a sec-
ondary event, the consequence of inflammatory mediators. On the
other hand, the increased expression of TLRs may result from hy-
perreactivity to the commensal flora [56]. Some of IBD patients may
be characterized by dysregulated, constitutively active TLR signal-
ing. Notwithstanding the increased TLR signaling as a propagating
or contributing factor to gut inflammation, decreased TLR signaling
might also play a deleterious role in IBD. Additionally, several stud-
ies have assessed the functional contribution of TLR polymorphisms
to IBD susceptibility [57]. Although TLR polymorphisms may not
predict the overall disease risk, they may influence phenotype and
severity of patients with IBD. It remains to be determined whether
the TLR dysregulation in IBD dictates the pathological impact or is
a direct cause of the chronic inflammatory response. Adding to the
complexity of trying to associate specific clinical phenotypes with

TLR findings are inconsistencies among the IBD patients. This is not
surprising given the complexities between patients and even in the
same patient at different stages of their disease.

3.1. TLR1

Studying the polymorphisms of the TLR1 gene in a Danish popu-
lation, Bank et al. concluded that the homozygous variant genotype of
TLR1 T743C is associated with increased risk of IBD development,
both CD and UC. The effect might be due to activation of inflamma-
tory pathways such as NF-kB and various cytokines [58].

On the other hand, the expression of TLR1 mRNA was studied in
an IBD cohort in which no changes in receptor expression was ob-
served [59].

3.2. TLR2

TLR2 is ligated by bacterial lipoproteins, lipoteichoic acids, pep-
tidoglycan, and zymosan. Human TLR2 interacts with CD14 to form
a LPS receptor complex. In biopsy samples from patients with IBD, a
significant increase in TLR2 expression was detected in the non-im-
paired (by inflammation) parts of the gut, in the terminal ileum of
UC patients. In this study, TLR2 expression was significantly in-
creased, regardless of the activity of disease in UC patients. In addi-
tion, CD14 expression was highly upregulated in the areas affected
by IBD, specifically in the terminal ileum of CD patients and also in
the cecum and rectum of UC patients compared to controls [60]. On
the other hand, TLR2 mRNA expression was determined to be con-
siderably higher in active UC versus quiescent UC disease. Further,
TLR2 mRNA levels correlated with the mRNA levels of inflamma-
tory cytokines including IL-6 and TNF [61]; the mRNA profiles were
positively correlated with inflammatory activity, especially for IL-6,
suggesting an activity marker of IBD [62]. Similarly, marked TLR2
mRNA expression and protein levels were detected in the cytoplasm
of IEC from UC patients compared to normal controls [63,64]. It was
shown that a noticeable increase of TNF-ɑ response to TLR2 ligands
correlated with higher TLR2 expression in IBD, leading to the sug-
gestion that an abnormal mechanism may provide excessive inflam-
matory mediators during the active phases of UC and CD [65]. This
receptor upregulation is assumed to increase the stimulation of im-
mune and inflammatory pathways activated through ligand binding.
Increased TLR2 expression may enhance the recognition and presen-
tation of antigens by inflammatory cells, leading to responses to nor-
mal bacterial flora, breaking immune tolerance and resulting in intesti-
nal injury. It is assumed that IBD patients may lose tolerance to in-
testinal flora. It was reported that TLR2 correlated with colonoscopy
and histopathology scores, disease activity, and also the fecal micro-
bial score [63]. Thus, disease severity may be related to TLR2 expres-
sion. Hence, activation of gut mucosal immunity may be triggered by
the imbalance of intestinal microbial flora. In contrast to these find-
ings, no changes were detected in the expression levels of theTLR2
receptor in UC and CD patients [59].

Although the results of Wang et al. showed that polymorphisms in
the TLR2 gene in UC patients in a Japanese population were related
to increased risk of intensity of disease, including steroid-dependence,
no association was observed between the genetic polymorphisms in
TLR2 and the risk of developing UC. TLR2–196 to 174 del/del was
related to cases that develop UC at 20 years of age or earlier [66]. One
explanation is that such patients may become hyper-responsive to bac-
terial or food antigens, thus showing clinical manifestations later in
life [67].
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3.3. TLR3

TLR3 is on chromosome 4 (q35), at the border of a linkage region
of an IBD susceptibility gene, suggesting a potential pathogenic asso-
ciation of the TLR3 gene with IBD. Deliberately assessing the mutant
polymorphisms in the TLR3 gene may help provide precise insight
into IEC-specific dysregulation of this receptor in the disease [68,69].

Primary IEC of normal mucosa constitutively express TLR3. Few
studies were conducted on the characterization of TLR3 expression in
IBD. No significant changes in TLR3 expression were detected in ac-
tive UC patients [61,64]. However, in another report, TLR3 expres-
sion was mostly observed on the basolateral surface of IECs in colon
specimens from UC patients. In addition, inflammatory cell infiltrates
in the lamina propria expressed TLR3 on cell surfaces. In active CD
patients, expression of TLR3 was significantly down-regulated in ac-
tive CD specimens compared with specimens from UC patients and
normal controls, and this down-regulation was regardless of location
and inflammatory activity [21].

3.4. TLR4

TLR4 combined with CD14, LBP, and MD-2, acts as PRR, es-
pecially for LPS of gram negative bacteria. The signaling pathway
of TLR4 is well characterized; LPS is opsonized by LPS-binding
protein (LBP) and subsequently detected by CD14. The formed
LPS-LBP-CD14 complex activates TLR4, signaling through adaptor
protein MyD88 and serine kinase IL-1R-associated kinase 4 (IRAF4)
and the adaptor protein TNF receptor-associated factor 6 (TRAF6).
This pathway results in the activation of NF-ĸB and mitogen-activated
protein kinases and triggers cytokine production [70,71]. TLR4 muta-
tions alone or in conjunction with other defects in this LPS-signaling
complex might affect the innate immune response in IBD patients.

Many studies have evaluated the association between the polymor-
phisms of TLR4 and IBD in different populations; however, the re-
sults from these reports are inconsistent and inconclusive [72–81].
This controversy might be explained by the diverse methodologies
and the small sample sizes used in most of these studies. Two co-seg-
regating polymorphisms in the TLR4 gene have been characterized
in humans, Asp299Gly and Thr399Ile. Most of the studies have re-
ported an increased frequency of the Asp299Gly allele in CD and UC
patients compared to controls [67,73–75,79]. In a study in a Belgian
population with IBD, variant alleles of Asp299Gly were associated
with both CD and UC; the allele was transmitted from carriers to af-
fected subjects in a transmission disequilibrium test [82]. In an Aus-
tralian population, TLR4 ASP299 was associated with CD limited to
the colon [81]. TLR4 D299G and T399I were shown to be associated
with both UC and CD in a Caucasian population by meta-analysis, but
no genotype-phenotype association was observed between CD pheno-
types and D299G carriage [83]. A high distribution of TLR4 A299G
and CD14 C159T SNPs and a high expression of TLR4 and CD14
mRNAs in monocytes were detected in an Indian group of UC patients
in comparison to healthy people, concluding that these genes polymor-
phisms leads to increased risk of UC [84].

In contrast, in a smaller German IBD population, an association
was identified between Thr399Ile and UC, but not CD, yet there was
no association between Asp299Gly and UC, nor CD [75]. In another
study, no association was found between the Asp299Gly polymor-
phism with IBD, either CD or UC, in Scottish patients [79]. No sig-
nificant differences regarding the T399I and D299G SNPs were ob

served between CD and UC patients and healthy controls in South-
eastern Brazilians, suggesting a lack of TLR4 variant involvement in
IBD susceptibility [85]. The distribution of polymorphic genotypes of
TLR4 was similar among CD and UC patients and controls. Studies in
Japanese and Chinese population did not detect any UC patient with
TLR4 allele mutations and no association was reported between TLR4
polymorphisms and IBD [86]. These controversies may be explained
by ethnic differences.

The initiation and progression of IBD may be associated with ab-
normal expression of TLR4 in intestinal epithelium. IEC and lam-
ina propria of the non-IBD control group mucosa do not express or
weakly express TLR4 [23]. The normal or low expression of TLR4
in normal intestine controls inflammation while the prolonged rise in
TLR4 expression in intestinal mucosa of IBD patients may lead to
abnormal LPS-mediated signal transmission in the intestine, result-
ing in sustained secretion of inflammatory cytokines, ultimately caus-
ing development or progression of intestinal inflammation. Impaired
host tolerance toward luminal LPS antigens might underlie increased
TLR4 expression in IBD patients [87,88]. In the inflamed and injured
intestinal mucosa of UC patients, TLR4-positive macrophages were
also localized to sites of inflammatory intestinal mucosa, further el-
evating hyperreactivity to LPS [63]. Upregulated TLR4 mRNA ex-
pression in UC patients was positively correlated with disease activ-
ity and histopathology scores and fecal microbial score [64]. Increased
expression of TLR4 was observed in both active vs. quiescent UC;
higher expression was detected in quiescent UC compared to control
and also active compared to quiescent UC. TLR4 was extensively dis-
tributed on the surface of the enteric cavity, and deep afferents in the
lower part and the base of the crypt. TLR4 expression was highly up-
regulated in the terminal ileum and rectum of UC patients and in the
terminal ileum of CD patients compared to healthy controls [60]. In
another cohort study, TLR4 expression was shown to be strongly un-
regulated in active UC patients compared to healthy controls, while
this increase was negligible in inactive UC and active or inactive CD
[59].

MD-2 and CD14 upregulation in the IEC and lamina propria was
detected in IBD; CD14 expression was also upregulated in the termi-
nal ileum of CD patients and in the cecum and rectum of UC patients
[60]. It is possible that the expression of TLR2, TLR4, and CD14
was the result of the interaction of IECs with intestinal microbiota and
might play a role in the pathobiology of UC [60].

TLR4 expression in IBD was correlated with TNF and IL6 mRNA
levels [61]. The expression of TNF-ɑ and macrophage migration in-
hibitory factor was elevated in the intestinal mucosa of UC patients,
both of which can increase the expression of TLR4 [61]. In this regard,
high expression of TLR4, CD14, and NF-kB in Chinese UC patients
was positively correlated with disease development, degree of inflam-
mation, disease activity, and pathologic grade. This might suggest that
TLR4 and CD14 interact with antigen and activate NF-kB, augment-
ing the release of inflammatory mediators. The excessive activation of
TLR4/CD14/NF-kB pathway can lead to enhanced inflammation [23].

TLR4 was shown to regulate COX-2 expression and lead to
chronic inflammation of intestinal mucosa, especially in UC patients
[89]. Epithelial cells in TLR4 or MyD88-deficient mice proliferated to
a lesser extent during colitis presumably through COX2/PEG inhibi-
tion. TLR4 appears to be required for healing of the injured intestinal
epithelium and induction of COX-2 in IECs in response to injury. The
COX2/PGE2 pathway is important for proliferation of the injured in-
testine. Defects in TLR signaling may predispose the intestinal epithe-
lium to impairements in ability to heal [90].
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3.5. TLR5

The bacterial flagellum is comprised with a protein called flagellin
which is a ligand for TLR5 [91,92]. Bacterial flagellin is known as a
dominant antigen in CD [93]. Ligation of flagellin by TLR5 leads to
proinflammatory cytokine release from cultured IECs [94]. Flagellin
triggers inflammatory responses only in contact with the TLR5 in the
basolateral membrane. This may clarify why only the flagellin of path-
ogenic bacteria causes inflammatory responses by intestinal epithelia.
When commensal microorganisms penetrate the epithelial barrier as
in injury, inflammatory responses may be activated. In this manner,
inflammation activated by invasive pathogens or commensal bacteria
are implicated in the pathogenesis of IBD [94].

In a cohort study in Denmark, TLR5 T936T SNP was shown to be
significantly associated with the risk of IBD and particularly CD, rel-
ative to other TLRs and ILs polymorphisms and activation [95].

Some studies showed no changes in TLR5 expression in IBD
[21,59]. However, in UC patients, TLR5 expression was strongly cor-
related with IL-6 and TNF mRNA levels, and with endoscopic and
histological activity of disease [61]. TLR5 mRNA levels were signif-
icantly higher in active UC versus quiescent disease; however, lower
TLR5 expression was detected in the quiescent stage compared to con-
trols [61]. Conflicting results have also been published. In mucosal
biopsies of UC patients, TLR5 gene expression was decreased signif-
icantly; TLR5 protein immunoreactivity was diminished or absent in
the cytoplasm of epithelial cells, possibly due to their downregulation
caused by flagellin abundance in inflamed and injured epithelium. A
negative correlation was also shown between TLR5 expression and
degree of inflammation [22].

3.6. TLR6

TLR6, which forms a heterodimer with TLR2, is known to con-
tribute to the development of Th17 cells that are related to many
pro-inflammatory molecules including TNF and ILs. TLR6-positive
cells are detected in intestinal biopsies from IBD patients [96]. Al-
though TLR6 mRNA and protein levels were slightly higher in in-
flamed tissue, they did not differ significantly from healthy controls.
Likewise, in a cohort study, TLR6 mRNA expression was not signif-
icantly different in UC and CD patients compared to controls [59].
However, TLR6 mRNA levels were correlated with expression of the
Th17 transcription factor in the intestine, which is itself involved in
IBD and disease activity [96].

3.7. TLR8

TLR8 mRNA levels were shown to be increased in active versus
quiescent UC and correlated with increases in IL-6 and TNF levels,
the extent of inflammation, and histological and endoscopic activity
[61]. In another study, TLR8 mRNA expression was significantly up-
regulated in colonic epithelial cells from patients with IBD compared
to controls; substantially higher levels were detected in inflamed mu-
cosa of UC and CD patients. Specimens from inflamed IBD tissue
and especially CD patients demonstrated significant positive staining
for TLR8 protein in surface epithelium, cytoplasm, and intracellular
organelles [19]. The suggestion was that TLR8 mediated increased
IL-8 secretion from colonic epithelial cells and inhibited the function
of T regulatory cells, resulting in reduced immunosuppressive activ-
ity and increased proinflammatory activity in the gut [19,97]. In an-
other IBD cohort, TLR8 expression in active and inactive UC and CD

did not differ significantly from expression levels in healthy subjects
[59].

3.8. TLR9

TLR9 is activated by unmethylated CpG DNA, triggering innate
immune responses [98,99]. In vitro experiments showed that TLR9
recognizes pathogenic bacteria, leading to intestinal damage through
its signaling pathway [100]. TLR9 contributes to dendritic cell signal-
ing in response to commensal bacteria DNA, inhibiting the differentia-
tion of regulatory T cells [101,102]. This pathway results in the release
of Th1 cytokines, such as IL-6, IL-10, IL-12 and TNF-α [101,103].
Previous studies showed that polymorphic sequences in the TLR9 pro-
moter of IBD patients may upregulate gene expression of TLR9. On
the other hand, it was suggested that gut inflammation along with neu-
trophil infiltration and dysbiosis contribute to the increased expression
of TLR9 in the colon mucosa of UC patients [63]. Genetic variations
in TLR9 were shown to be associated with CD in a German popula-
tion [104]. An association between TLR9 polymorphisms and UC in
Japanese patients was also identified [105]. Previous findings associ-
ated the importance of TLR9 with the genetic control of reactions to
intestinal microbes in UC [106].

Increased TLR9 mRNA expression was observed in submucosa in-
flammatory cells in the lamina propria and cryptic epithelia of UC
patients, and was correlated with disease activity, endoscopic and
histopathological scores, and fecal bacterial flora scores [63]. In rec-
tal biopsies from patients, mRNA levels were significantly higher in
active UC versus healthy controls and patients in remission; TLR9
and IL-6 levels were also positively correlated [18]. Expression of
TLR9 protein and mRNA were significantly higher in the cytoplasm
of epithelial cells of patients with UC [64]. On the other hand, TLR9
mRNA levels were shown to be increased in active UC versus qui-
escent UC and it was correlated with IL-6 and TNF levels, and also
with degree of inflammation, cytokines level, and histological and en-
doscopic activity. In contrast, Pedersen et al. did not observe signifi-
cant differences between TLR9 mRNA expression in colonic mucosa
of control and IBD groups [107]. Similarly, in an IBD cohort TLR9
expression in either active or inactive UC and CD did not differ sig-
nificantly from that in healthy controls [59].

3.9. TLR modulators

Many TLR inhibitory proteins which are expressed in the GI mu-
cosa have been recognized which regulate TLR-related responses and
inflammation. In a cohort of IBD patients, expression of some of these
inhibitory proteins was measured. A20 and SOCS1 expression was
significantly increased in active UC, while IRAK-M expression was
upregulated in both active UC and CD patients. On the other hand,
expression level of Bcl-3 was shown to be higher in inflamed UC
and also active and inactive CD. The high expression of TLR in-
hibitory factors might be due to a positive feedback mechanism fol-
lowing induction of the inflammatory processes in the GI tract such as
the NF-kB pathway, committed to suppress the inflammatory response
in IBD. However, TOLLIP and PPAR-g mRNA and protein expres-
sion were decreased in CD and UC, suggesting that down-regulation
of these inhibitory proteins contributed to the inflammatory responses
and increased the susceptibility to IBD and colitis [59].

Nur77 is a nuclear receptor and acts as a transcription factor along
with its physiologic and pathologic extra-nuclear effects. Nur77 is
known to interact with TRAF6 and also inhibit the TLR-IL-1R-de-
pendent inflammatory processes, preventing activation of NF-kB and
AP-1. Genetic variants leading to decreased NUR77 expression in
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creased susceptibility to IBD. Nur77 expression was significantly re-
duced in CD and UC patients. In light of the inhibition of TLR-IL-1R
agonist-induced TRAF6 auto-ubiquitination by Nur77 and its effect on
TLR-related inflammatory responses and inflammatory cytokines pro-
duction, Nur77 might serve as a protective factor against development
of IBD and be considered as a potential strategy for TLR-IL-1R mod-
ulation in IBD management [108].

3.10. Comparing TLR gene expression and polymorphisms in CD and
UC

The observations regarding TLR expression in different studies
were somehow distinct between UC and CD patients. Some TLRs
show similar pattern of expression in both diseases. According to the
reviewed studies, TLR1 and TLR6 expressions were not changed in
either UC or CD. TLR8 was shown to be upregulated or sometimes
no changes were detected in its expression in both UC and CD. Thus,
TLR1, TLR6, and TLR8 are so far expressed with a similar pattern in
CD and UC. Focusing on TLR2 and TLR9, we can assume both TLRs
remained unchanged and in some studies upregulated in UC, but in
CD patients no changes in their expression was observed. However,
comparatively, some TLRs seem to be differently regulated in these
two diseases. For example, TLR3 tends to downregulate in CD, while
data presented that it might not change in UC or we might even face a
higher expression of this receptor in UC patients. Taking together the
studies on TLR5 expression in humans, although controversial results
were obtained in UC (either increase or decrease) no data considering
its expression in CD was found.

Analyzing the role of TLR polymorphisms separately in UC and
CD, we observed that in sum, data concerning the role of TLR gene
polymorphisms appear to be virtually similar in these two diseases;
TLR polymorphisms to mention are TLR1 T743C (increased suscep-
tibility to UC and CD), TLR4 A299G (increased susceptibility to UC
and CD or no significant changes), TLR4 T399I (increased suscepti-
bility or no changes in UC versus no observed changes in CD), and
TLR9 (increased susceptibility to both UC and CD). TLR 2 and TLR5
polymorphisms were only assessed in UC and CD patients, respec-
tively.

To make an abstract, the expression and polymorphism of TLR
genes are almost identical in CD and UC, insomuch as among the
seven compared TLRs (TLR5 was only evaluated in UC patients) six
TLRs exerted at least nearly similar patterns of expression (TLR1,
TLR2, TLR4, TLR6, TLR8, TLR9) and four of them were exactly
equally regulated in the two diseases (TLR1, TLR4, TLR6, TLR8) and
only TLR3 demonstrated totally contrary expressions in UC and CD.

4. Role of TLRs in IBD (animal studies)

4.1. TLR2

Duodenal biopsies from dogs with IBD contained higher TLR2
mRNA levels compared with control dogs and these mRNA increase
was weakly correlated with disease severity. However, mRNA content
was not correlated with histopathology grades of the dogs [109].

4.2. TLR4

In a study of different SNPs of the TLR4 gene, two, the A1571T
and G1807A were associated with increased risk of IBD in German
shepherds [110].

No significant alterations were observed between the IBD and con-
trol dogs regarding TLR4 mRNA levels or the pathology scores. Like-
wise, the mean relative expression of TLR4 mRNA in rectal biopsies
from IBD and healthy horses did not differ significantly. However, the
expression of TLR4 was higher in histopathologically active disease
compared to control [109].

4.3. TLR5

In order to investigate the role of TLR5 gene polymorphisms in
IBD, three different SNPs of TLR5 gene were studied in various
breeds of dogs. The G22A SNP was shown to be associated with
IBD risk, while C100T and T1844C SNPs established a protective
effect against IBD and dogs carrying the risk-associated haplotype
were five times more likely to be affected by IBD compared to those
carrying the risk-protective haplotypes [111]. On the other hand, the
TLR5 risk-associated haplotype was shown to cause and even increase
NF-kB production, along with a higher TNF development in response
to flagellin, compared with the risk-protective haplotype [112].

4.4. TLR6

TLR6 mRNA and protein levels were significantly upregulated in
inflamed distal colon tissue of mice exposed to experimental colitis.
During the colitis phase, TLR6 was upregulated in immune cells of
the colon. On the other hand, gut stimulation with TLR6 ligand caused
a higher production of various inflammatory cytokines in T cells ei-
ther after 48 h or following long-term investigation. Progressing with
the experiments, Morgan et al. also detected that introducing mice to
TLR6 ligand worsened the severity of colitis and activated Th17 re-
sponses. Interestingly, they also realized that in comparison with wild
type mice, TLR6-deficient mice were protected against induced ex-
perimental colitis, and correlated with the lower T helper-mediated in-
flammatory responses [96].

4.5. TLR modulators

Nur77 expression was significantly reduced in mice subjected to
DSS-induced colitis. Interestingly, administration of a Nur77 agonist,
cytosporone B, suppressed the colitis-associated colon inflammation
and damage in mice [108].

5. TLR agonist/antagonists in IBD therapy

Advanced understanding of the underlying pathogenesis of IBD
diseases has led to the development of new biological therapeutic
agents. A few are currently attributed to regulation of TLRs since
TLRs play an important role in host defense against exogenous stim-
uli such as microbes, in tissue repair and regeneration and also in in-
flammatory processes. TLR specific involvement in the pathogene-
sis of inflammatory conditions provides opportunities to block dis-
ease progression through activating and/or inhibiting TLR signaling
by using specific TLR agonists or antagonists or even through inhibi-
tion of downstream proteins involved in the signaling pathways. Many
TLR agonist and antagonist compounds have been designed recently
which are able to target specific innate immune receptors (Tables 4
and 5). On the other hand, targeting the endogenous regulators might
also serve a therapeutic purpose. Unfortunately, to date few clinical
trials have been conducted targeting IBD pathobiology by TLR mod-
ulators. This raises the significance of further experiments and clinical
trials focusing on IBD therapy through TLR-modulating agents.
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Table 4
Drugs targeting TLRs currently in clinical trials.

Drug Indications

Rintatolimod (TLR3 agonist) Chronic fatigue syndrome (phase 3)
Polyinosinic-polycytidilic acid
(TLR3 agonist)

Healthy volunteers (phase 1)

Polymixin-B (TLR4 antagonist) Sepsis (phase 4)
GNbAC1 (TLR4 mAB) MS-associated retrovirus (phase 1)
Eritoran tetrasodium (MD2-TLR4
antagonist)

Severe sepsis (phase 3)

TLR9/8/7 antagonist Healthy volunteers (phase 1)
TLR9/8/7 antagonist Falciparum Malaria
HCQ (TLR9/8/7 antagonist) Autoimmune diseases, Sjogren's syndrome, dry

eye (phase 3)
DIMS0150 (TLR9 agonist) UC (phase 2)

6. Current TLR modulators as candidates for IBD therapy

The potential benefits of DNA-based immunomodulatory se-
quences (DIMS0150) in steroid-refractory UC patients was reported
in the study by Musch et al. [113]. The synthetic DIMS0150 is the
first compound of this class under clinical study for severe, chronic
active, treatment-refractory UC. Administered locally to the colon
of steroid-refractory UC subjects, DIMS0150 directly contacted with
target cells harboring the TLR9 receptor. This drug possesses im-
munomodulatory properties and activates the TLR9 signaling path-
way in effector cells including T and B lymphocytes, dendritic cells,
and macrophages [114]. It is postulated that DIMS0150 is effective in
restoring sensitivity to glucocorticoids through activation of the TLR9
receptor, which in turn, results in the release of steroid-sensitizing cy-
tokines such as IL-10 and interferons [115], inducing local as well as
systemic sensitizing benefits [113]. The clinical benefits were deter-
mined in a phase III clinical study and showed higher symptomatic
remission, mucosal healing, and clinical remission rate compared to
placebo-treated patients. Furthermore, the safety and tolerability of
this therapeutic agent was confirmed during the study [116].

Extracts from feijoa, a South American fruit cultivated in New
Zealand, was efficient in reducing inflammation induced by TLR2 sig-
naling. The study determined that feijoa was capable of activating au-
tophagy along with inhibiting TLR2 signaling, and thus had the poten-
tial to inhibit NF-κB activation in mouse embryonic fibroblasts, reg-
ulating inflammation in the models tested [117]. Feijoa possibly in-
teracts directly with the TLR2 receptor and its machinery to augment
the response to pathogens. This study offers some hope for potential
benefit using dietary interventions to manage IBD in patients with a
personalized nutrition based on an individual’s genetic profile. In fact,
more animal studies followed by human experiments are required for
further evaluation of this consequence.

Chloroquine, the antimalarial drug is known to exert immunomod-
ulatory effects and is used in the treatment of many autoimmune dis-
eases such as rheumatoid arthritis and systematic lupus erythematous.
It interferes with the innate immune response via TLR1/2 and TLR9
signaling as well as interfering with T cell responses. Chloroquine
treatment lessened the degree of weight loss and colon shortening in
mice subjected to a DSS model of IBD. It also ameliorated inflam-
matory cells infiltration and tissue damage. The results of this study
suggests that chloroquine administration seems to be beneficial/cura-
tive in mice subjected to IBD due to its effect on innate and adaptive
immunity, tissue pathology, and blocking TLR2 and TLR9 signaling
[116].

The in vitro and in vivo effects of the synthetic TLR4 antagonist,
CRX-526 have been studied. Pre-incubation of human monocyte-de

Table 5
Targeting TLRs in rodents for treatment of IBD.

Drug Animal
Colitis Induction
Model Target Result

Chloroquine Mice DSS TLR 2 and TLR 9
antagonist

Decreased
weight loss
Decreased
colon
shortening
Decreased
inflammation

CRX-526 Mice DSS TLR 4 antagonist Decreased
histological
score
Decreased
disease
activity index

1A6 Mice DSS/CD45Rbhi
T cells transfer

TLR 4 antagonist Improved
stool
inconsistency
Improved
signs of
colon
inflammation

Curcumin Rats TNBS Decreased TLR4/
MyD88 proteins
expression

Decreased
histological
score
Decreased
disease
activity index

Baishaoqiwu Rats TNBS Decreased TLR4/
MyD88 gene
expression

Decreased
histological
damage
Decreased
macroscopic
damage

Baicalin Mice DSS Decreased TLR4
expression

Reduced pro-
inflammatory
cytokines
level
Decreased
disease-
activity index

recombinant
TFF3 (trefoil
factor
peptide)

Mice TNBS Decreased TLR4
expression and
production

Decreased
histological
damage
Decreased
macroscopic
damage
Decreased
inflammation

Penta-O-
galloyl-B-D-
glucose

Mice TNBS Interaction with
MyD88 adaptor
protein/decreased
expression of
MyD88

Decreased
weight loss
Decreased
colon
shortening
Decreased
inflammation
Decreased
histological
score

Atorvastatin Rats TNBS Inhibition of TLR4
signaling pathway

Decreased
histological
damage
Decreased
ulcer index

rived macrophages and murine macrophages with CRX-526 blocked
LPS-stimulated TNF and IL-6 production, and this LPS signaling in-
hibition was TLR4-dependent. CRX-526 administration to mice par-
tially protected them from IBD development both in an acute and a
chronic model of murine IBD, lessening either the histopathological
score or disease activity. CRX-526 treatment significantly decreased
disease activity index in TLR4 wild-type mice compared with mutant
mice, suggesting a TLR4-mediated mechanism for this effect [118].
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Administration of a TLR4/MD-2 monoclonal antibody, 1A6, dur-
ing colitis induction by DSS in mice ameliorated rectal bleeding, im-
proved stool consistency and signs of colon inflammation, and also
reduced TNF, IL-6 and chemokine production. Blocking TLR4 dur-
ing induction of colitis resulted in recruitment of dendritic cells and
macrophages and pro-inflammatory cytokines and chemokines to the
lamina propria, protecting against acute murine colitis [119].

Curcmin, the active ingredient of Curcuma Longa was known to
exert anti-inflammatory effect in colitis. Administration of curcumin
to rats subjected to TNBS-induced colitis resulted in a significant im-
provement in DAI, colonic mucosa damage index, and histological
findings. The mechanism was attributed to a decrease in TLR4 and
MyD88 proteins. Curcmin seems to affect the TLR4/MyD88/NF-kB
pathway and might be considered as a treatment in IBD [120,121].

Baishaoqiwu is a Chinese herb traditionally used as anti-inflam-
matory remedy in colitis. It abrogated the macroscopic and histolog-
ical damage consequent to UC induction in rats. Following baishao-
qiwu administration, TLR4 and MyD88 genes expression levels were
lowered compared to control animals [84]. The therapeutic effects of
baishaoqiwu in IBD may be partly mediated through TLR4/MyD88/
Nf-kB pathway suppression [122].

The anti-inflammatory mechanism of the flavonoid extract from
Scrutellaria Baicalensis was studied in DSS colitis model of mice. In-
tragastric administration of baicalin suppressed the signs and symp-
toms of experimental UC and reduced pro-inflammatory cytokines
level through inhibition of the TLR4/NF-kB pathway and down-reg-
ulation of TLR4 expression (and MyD88 expression, to some ex-
tent) in the gut mucosa. Expression of TLR2 and TLR9 did not differ
compared with the control group, concluding that this signaling path-
way was not involved in the anti-inflammatory response by baicalin
[123,124]. The dramatic anti-inflammatory effect of baicalin and the
contribution of TLR4/NF-kB signaling pathway together support such
pharmacological interventions for treating UC.

Mice treated with rectal instillation of trinitrobenzene sulphonic
acid (TNBS) were administered recombinant human trefoil factor
(TFF3) peptide which is a secretory product of the GI mucosal cells.
As a result of a reduced TLR4 expression and production in colonic
tissue, microscopic and macroscopic indices and inflammation sever-
ity were significantly ameliorated in colon. Thus TFF3 is assumed to
exert potent anti-inflammatory effects in IBD [125].

Penta-O-galloyl-B-D-glucose (PGG) abrogated the weight loss,
shortening of colon, macroscopic disease features, and expression of
pro-inflammatory molecules. PGG did not affect the expression of
TLR4 in TNBS-induced colitis in mice. It inhibited binding of an
anti-MyD88 antibody to macrophages but did not inhibit binding of
IRAK-1 and IRAK-4 antibodies. The underlying mechanism of the
protective effects of PGG in mouse IBD is presumed to be through
the interaction with MyD88 adapter protein, finally inhibiting the TLR
signaling [126].

Statins have ameliorated inflammation in different models of col-
itis [127–129]. Atorvastatin administration dramatically lessened the
ulcer index and the histologic damage to the intestines of rats treated
with TNBS. Furthermore, atorvastatin treatment decreased TLR4 and
MyD88 protein expression. Atorvastatin exerted anti-inflammatory ef-
fects likely through TLR4/NF-kB pathway inhibition [130].

7. Conclusions

Environment, genetics, and host immunity set a multidimensional
and interactive regulatory complex controlling TLR function in the in-
testinal mucosa. Any imbalance in these elements may lead to aber

rant TLR signaling and acute and chronic intestinal inflammatory
processes, such as in IBD and colitis.

Several reports have confirmed the up-regulation or down-regula-
tion of expression of different TLRs in IECs and mucosal antigen-pre-
senting cells or macrophages in patients with IBD. Other studies have
also linked the polymorphisms or mutations within the genes encod-
ing TLRs with development of IBD. Taken together, targeting of the
TLR signaling pathways hold promise in the management of IBD.

In normal intestine, the overstimulation of TLR is impaired by
endogenous regulators, such as a short form of MyD88 (sMyD88),
IRAKM, suppressor of cytokine signaling-1 (SOCS1), TOLLIP,
PI3K, and A20. Triggering the expression of such regulatory factors
could prevent TLR overstimulation as a means of treating autoim-
mune disease including IBD. On the other hand, blocking certain TLR
signaling pathways such as TLR2 and TLR4 is another approach for
treating IBD since these TLRs are upregulated in IBD mucosa. Based
on the data accumulated in animals and human studies, which were to
some extent contradictory, we cannot undoubtedly presume the TLR
modulating agents as beneficial targets to control or improve symp-
toms associated with IBD, however, targeting the individual innate
immune signaling pathways using known TLR agonists and antago-
nists can undergo valid and authentic animal and human investigations
in future, and the observations would be utilized to establish therapeu-
tic options for IBD in order to obtain better clinical outcomes.
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Abstract
Inflammatory bowel disease (IBD) is the chronic inflammation of the gastrointestinal tract. Recently,
studies of the interplay between the adaptive and innate immune responses have provided a better
understanding of the immunopathogenesis of inflammatory disorders such as IBD, as well as
identification of novel targets for more potent interventions. Toll-like receptors (TLRs) are a class of
proteins that play a significant role in the innate immune system and are involved in inflammatory
processes. Activation of TLR signal transduction pathways lead to the induction of numerous genes
that function in host defense, including those for inflammatory cytokines, chemokines, and antigen
presenting molecules. It was proposed that TLR mutations and dysregulation are major contributing
factors to the predisposition and susceptibility to IBD. Thus, modulating TLRs represent an
innovative immunotherapeutic approach in IBD therapy. This article outlines the role of TLRs in IBD,
focusing on both animal and human studies; the role of TLR-targeted agonists or antagonists as
potential therapeutic agents in the different stages of the disease is discussed.
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