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Summary 
 

The toll-like receptors (TLRs) family of transmembrane proteins is an integrated 
part of the innate immune system. These receptors are involved in the recognition of the 
pathogens, the activation of innate, inflammatory mechanisms to control pathogens’ spread, 
and the subsequent activation of the adaptive immune responses directed to the elimination 
of the pathogens. A subset of TLRs recognizes viral components and induces antiviral 
responses. This summarizing report presents data demonstrating that TLRs are a type of 
pattern recognition receptors and act as “sentinels” of the immune innate system, sensing a 
large array of microbial ligands.   
 

The toll-like receptors are included in the large group of recognition 
molecules known as Pattern Recognition Receptors (PRRs). Other molecular 
structures are components of this network, such as secreted molecules that 
circulate in blood and lymph, surface receptors on phagocytic cells (macrophages, 
monocytes) that bind the pathogens prior their engulfment, and cell-surface 
receptors (as for instance B cell- and T cell receptors) that interact with the 
antigens of the pathogenic organisms, initiating the signal of specific immune 
responses leading to the differentiation of molecular effectors. 

The first member of the TLR family was a Drosophila protein implicated in 
the dorsoventral patterning during embryonal development (Nősslein-Volhard, 
1985). Gay and Keith (1991) were the first to report that the intracellular domain of 
Drosophila “Toll” showed striking similarities to the intracellular domain of the 
mammalian interleukin-1 receptor. TLRs are phylogenetically evolutionary 
conserved proteins. 

PRRs, including TLRs, form a receptor superfamily with the IL-1 receptors, 
known as IL-1 Receptor/Toll-Like Receptor Superfamily. The members of this 
superfamily have a common domain called Toll-IL-1 receptor (TIR). TLRs form the 
second subgroup of TIRs that bind directly or indirectly to molecules of microbial 
origin. Other subgroups of TIRs are the receptors for interleukins and the adaptor 
proteins that are exclusively cytosolic and mediate signaling from proteins of other 
two subgroups.      

 

The structure of tool-like receptors 
 

All TLRs are type I transmembrane proteins (single membrane-spanning 
non-catalytic receptors) with extracellular and intracellular domains. TLRs are 
characterized by an extracellular leucine-rich repeat domain and an intracellular 
Toll/IL-1-receptor –like (TIR) domain.  
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Leucine–rich repeats (LRRs) are present in both cytoplasmic and 
transmembrane domains and are involved in the pathogen associated molecular 
pattern (PAMP) recognition and signal transduction. Thus, the leucine-rich repeats 
represent the ligand–binding domain of TLRs (3). These authors have expressed 
and crystallized the ectodomain (ecd) of human TLR3, which recognizes dsRNA, 
the molecular pattern of viruses, and determined its molecular structure to 2.4 Å 
resolutions. The overall horseshoe-shaped structure of the TLRecd is formed by 23 
repeating LRRs that are capped at each end by specialized non-LRR domains. The 
TLR3ecd structure indicates how LRR loops can establish distinct pathogen 
recognition receptors. 

Omueti et. al. (19) investigated three no synonymous single nucleotide 
polymorphisms (SNPs) located in the central region of extracellular domain of 
human TLR1. The authors found that a variant of TLR1 based on the SNP P315L, 
located in the loop of LRR motif 11 (LRR11), is greatly impaired in mediating 
responses to lipopeptides and a variety of other bacterial ligands for this receptor. 
These results suggest that P315L SNP may predispose certain individuals to 
infectious diseases for which the sensing of microbial cell components by TLR1 is 
critical to innate immune defense.        

 

Expression of toll-like receptors 
 

TLRs are expressed on cells of the immune system, such as monocytes, 
macrophages, dendritic cells, lymphocytes, neutrophils, natural killer cells. They 
are also present on the surface of other cells like vascular endothelial cells, lung 
and intestinal epithelial cells, cardiac myocytes, and adipocytes (16, 21). Their 
main localizations are in accordance with their function - the pathogens’ 
recognition. Accordingly, TLRs are mainly located at cell surfaces (TLRs 1, 2, 4, 5, 
6, 10, 11) and within cell compartments (TLRs 3, 7, 8, 9, 10, 11).  

Plasmacytoid dendritic cells express TLR7 and TLR9 (1).  
Other examples of cells expressing TLRs are: 
- Macrophages: TLRs -4, -9; 
- Monocytes: TLRs -1, -2, -4, -5, -6, -7, -8, -9, -9, -10, -11; 
- B lymphocytes: TLRs -1, -3, -6, -7, -9, -10; 
- Mast cells: TLRs -2, -4, -6, -8; 
- Dendritic cells (DC): TLRs -2, -3, -4; 
- Myeloid cells: TLRs -2, -4; 
- NK cells: TLRs -3, -5, -8; 
- Plasmacytoid pre-DC: CpG - ODNs (oligodeoxynucleotides) containing 

unmethylated CpG motifs. 
TLR1 is considered as an ubiquitous molecule. 
Kadowaki et al (14) studied the expression of TLRs by different subsets of 

cells and their responses to microbial antigens. The authors demonstrated that 
monocytes preferentially express TLR1, -2, -4, -5 and -8, plasmacytoid pre-
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dendritic cells strongly express TLR7 and -9. In accordance to these TLR 
expression profiles, the mentioned cells respond to different antigens. 

 

Described toll-like receptors 
 

It has been estimated that most mammalian species have between ten and 
fifteen types of Toll-like receptors.  

At least 13 TLRs have been described in humans and mice, each of which 
is specialized to recognize and interact with different PAMPs. Examples of best 
known TLRs are: 

- TLR1, with bacterial (triacyl) lipoproteins as ligands; 
- TLR-2, binding to the peptidoglycans of Gram-positive bacteria 

(streptococci, staphylococci), lipoarabinomannan from mycobacteria, lipoproteins 
(such as the mycoplasmatic ones), lipopeptides, lipoteichoic acids, bacterial porin, 
zymosan from yeast, fungi and viral glycoprotein’s; TLR2 may form a heterodimer 
with either TLR6; 

- TLR-3, recognizes the double-stranded RNA and poly I:C; 
- TLR-4, the most important signal transducer in the recognition of 

lipopolysaccharides that are present in the outer membrane of Gram-negative 
bacteria (Salmonella spp, Escherichia coli); this TLR also interact with other ligands 
like lipoteichoic acids, fibronectin, viral glycoprotein’s and heat shock proteins (such 
as HSP60); TLR4 is the best characterized molecule of this family; 

- TLR-5, binding to the flagellin of motile organisms (Listeria); 
- TLR-6, associated in a heterodimer with TLR-2 and contributing to the 

interactions with peptidoglycans and lipoproteins (mycoplasmatic); binds diacyl 
lipoproteins; 

- TLR-7, binding to imidazoquinolines and to the single-stranded RNA 
(ssRNA), present in the genome of viruses like the etiologic agents of influenza, 
measles, and mumps; binds small synthetic compounds; 

- TLR-8, binding to imidazoquinolines and to ssRNA expressed during the 
viral replication; 

- TLR-9, recognizing and interacting with the unmethylated deoxycytidil-
phosphate-deoxyguanosine (CpG) dinucleotides of the DNA of bacterial and some 
viral nucleic acids; 

- TLR10 – unknown ligands; 
- TLR-11, binding proteins of some pathogenic protozoa’s; 
- TLR12 andTLR13 – with unknown ligands. 
Toll-like receptors have been also described in domestic animal species. 

Thus, Burgener and Jungi (2003) identified antibodies reacting with canine TLRs -
2, -4, -5 and -9. The authors revealed that canine TLRs can be detected on white 
blood cells. As observed in other species, TLRs -2, -4 and -5 are probably localized 
on cell surface; TLR9 is only detected after permeabilization of the cells. TLR4 
mRNA has been shown to be expressed in the canine stomach and small intestine 
and the feline lung and small and large intestine. Immunohistochemical studies 
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have also shown TLR4 in canine lung and small intestine macrophages (22). 
Herath et al (10) detected Toll-like receptor 4 mRNA and protein in bovine 
endometrial stromal and epithelial cells by RT-PCR and flow cytometry. De 
Schepper et al (6) described the possible involvement of TLR4 signal transduction 
pathway in the pathogenesis of E. coli mastitis in dairy cattle. Tohno et al (23) 
found that TLR2 and TLR9 were expressed and functional in gut-associated 
lymphoid tissues of presuckling newborn swine. In particular, in immature intestinal 
tissues and GALT these TLRs were expressed at higher levels in ileal Payer 
patches and mesenteric lymph nodes than in the duodenum jejunum and ileum. 
TLR2 and TLR9 were also expressed in other tested tissues like heart, thymus, 
lung, spleen, kidney, and skeletal muscle. Eicher and Cheng (7) determined the 
expression of TLR2 and TLR4 following an LPS challenge of two genetic of layers 
divergently selected for aggression and one commercial genetic line. Niedzwiedzka 
and Deptula (2007) reported the results of recent research connected with the 
identification of TLRs in several domestic species. In ruminants TLRs -1, -2, -3, -4, 
-5, -6, -7, -8 -9 and -10 have been identified; in swine, TLRs -2, -4, -6 and -9; in 
dogs, TLRs -2, -4 and -9; in cats, TLRs -1, -2, -3, -4, -5, -6, -7, 8 and -9; in poultry, 
TLRs -1, -2, 3, -4, 5 -6 and -10 have been noted. On the basis of the homology 
between TLRs in animals and in humans and mice and the role and place of 
occurrence it has been proved that TLRs play a very important role in domestic 
animals, similar to that in humans and mice.  

     

Ligands of toll-like receptors 
 

TLRs interact with various microbial ligands, including molecules 
conserved within the structures of major groups of Gram-positive and Gram-
negative bacteria, mycobacteria, spirochetes, viruses, and fungi. These highly 
conserved microbial structures are identified as pathogen associated molecular 
pattern (PAMPs). PAMPs are small structural motifs present on pathogen 
organisms. The main PAMPs are lipopolysaccharides such as bacterial endotoxin, 
bacterial flagellin, lipoteichoic acid from Gram-positive bacteria, peptidoglycan, 
polynucleotide, nucleic acids associated with viruses (double-stranded RNA, 
unmethylated DNA). PAMPs are relatively invariant; they do not evolve rapidly or 
do not evolve at all. They are recognized by TLRs and other pattern recognition 
receptors (PRRs) in animals and plants. Pathogen-associated molecular patterns 
are shared by many related pathogens (differing very little from one pathogen to 
another) but are not shared with their host structures. PAMPs activate innate 
immune responses and initiate adaptive immune mechanisms. Taking into account 
that these molecules are expressed not only by pathogen organisms, but also by 
most microbes, some authors use instead the term PAMP the term Microbe-
associated molecular pattern (MAMP). 

Examples of ligands interacting with some TLRs are presented in fig. 1 
(13). 
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Gewirtz et al (8) revealed that cell surface expression of TLR5 induced 
NFκB gene expression in response to flagellin. The response depended on 
extracellular LRRs and intracellular Toll-IL-1R homology region of TLR5 as well as 
the adapter protein MyD88. 

The inflammatory response activated by TLRs has prompted the 
speculation that endogenous activators of TLRs might participate in some autoimmune 
mechanisms. Thus, these receptors have been supposed of binding to host 
molecules such as fibrinogen or heat shock proteins and of initiating autoimmune 
pathways.  

 
Fig. 1 PAMPs motifs recognized by some Toll-like receptors 

 

Mechanisms initiated by TLRs-PAMPs interactions 
 

Recognition of microbial ligands by TLRs induces their oligomerization and 
triggers intracellular signaling pathways, the induction of antimicrobial genes and of 
inflammatory cytokines. The interactions between TLRs and their ligands (PAMPs) 
induce the initiation of a crucial signaling pathway leading to the activation of the 
transcription nuclear factor-κB (NF-κB) and of 2 MAP kinases, p38 and Jun N-
terminal kinase (JNK). NF-κB activates various cytokine genes like those encoding 
interleukin-1, tumor necrosis factor-alpha, and chemokines. These molecular 
effectors are involved in the initiation and the development of inflammatory 
processes. NF-κB has also an essential role in regulating the immune response to 
infectious organisms. 

The activation of transcription factor NF-κB and the initiation of the signal 
transduction pathways is realized by TLRs using one or several universal adapter 
proteins: the myeloid differentiation primary response gene (88), generally known 
as Myd88 (TLRs 1, 2, 4, 5, 6, 7, 8, 9, 11), three IRAKs (interleukin-1 receptor-
associated kinase-like), TOLLIP (toll interacting protein), TRAF6, (TRAFs are 
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members of TNF Receptor Associated Factor family of proteins, involved in the 
regulation of inflammation, antiviral responses and apoptosis; six TRAF proteins 
are characterized in mammals), TAK-1, MAL (MyD88-adapter-like, also known as 
TIRAP) (TLRs 1, 2, 4, 6), the TIR-domain-containing adapter-inducing-interferon-β 
(TRIF). 

An illustrative example of the mechanisms initiated following the TLRs-
ligands interactions is represented in fig. 2 (25). These mechanisms concern the 
TLR signaling and the role of epithelium in corneal innate defense. When cells are 
exposed to pathogens, TLRs such as TLR2-4, and -5 at the cell surface recognize 
PAMPs (lipoproteins, lipopolysaccharides, and flagellin). In contrast, nucleic acids 
released from damaged infected tissues or cells or captured from multiplying 
bacteria or viruses are brought to and recognized by other TLRs (TLR3, -7, -8 and -
9) in endosomes.  

TLR-ligand interaction triggers the activation of TLR signaling pathways in 
an MyD88-dependent or MyD88-independent manner. The MyD88-dependent 
pathway (all TLRs except TLR3) utilizes MyD88, MAL (for TLR2 and -4) as 
adaptors and transduces signal through IRAK1, IRAK4, and TRAF6, leading to the 
activation of NF-κB, p38, and JNK pathways and the production of proinflamatory 
cytokines and antimicrobial peptides. In contrast, the MyD88-independent pathway 
uses TRIF as an adaptor and transduces signal through TBK1 and RIF3/7, leading 
to the expression of interferons (IFNs) and the IFN-induced genes. 

 

 
 
Fig. 2 TLR signaling and the role of epithelium in corneal innate defense 
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TLR3 and TLR4-mediated signaling mechanisms are presented in fig. 3 
(24). This signaling pathway originates from the cytoplasmic Toll/IL1 receptor (TIR) 
domain. A TIR domain-containing an adapter, MyD88, associates with the 
cytoplasmic TIR domain of TLRs and recruits IRAKs to the receptor upon ligand 
binding. IRAKs then activate TRAF6, leading to the activation of TAK1. This 
molecule activates the IKK complex consisting of IKKα, IKKβ and NEMO/IKKγ (IKK 
is the IκB kinase enzyme complex, a part of the upstream NF-κB signal 
transduction cascade; three IKKs are described). The IKK complex phosphorylates 
IκB, resulting in the nuclear translocation of NF-κB, which induces expression of 
inflammatory cytokines. Stimulation of macrophages and dendritic cells (DCs) with 
LPS and dsRNA results in the activation of IRF3 (IRF3 means Interferon Regulatory 
Factors; at least nine IRFs are described) and subsequent induction of IFN-β and 
IFN-inducible genes. The TIR domain-containing adapter, TRIF, is responsible for 
TLR3- and TLR4-mediated IRF3 activation. Additionally, TLR4 requires another 
adapter, TRAM, for IRF3 activation. TRIF interacts with TBK1, IKKτ, RIP1, and 
TRAF6. IRF3 is activated by TBK1 and IKKτ, which catalyze IRF3 phosphorylation 
and stimulate its nuclear translocation and DNA binding.    

 

 
 

Fig. 3 TLR3- and TLR4-mediated signaling pathway 
 
Leonard et al (15) described the mechanism by which TLR3 recognizes its 

ligand, the double-stranded RNA (dsRNA). The authors shown that dsRNA binds 
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saturably, specifically and reversibly to a defined ligand-binding site(s) on the TLR3 
ectodomain (TLR3ecd)). Purified TLR3ecd is exclusively monomeric in solution, but 
through a highly cooperative process, it forms dimers when bound to dsRNA; 
multiple TLR3ecd dimers bind to long dsRNA strands. The smallest dsRNA 
oligonucleotides that form stable complexes with TLR3ecd each bind one TLR3ecd 
dimer and these are also the smallest oligonucleotides that efficiently activate TLR3 
in cells.  

According to Sandor et al (21), recognition of ligands by TLR2 requires 
interactions with other TLRs. These molecules form a combinatorial repertoire to 
discriminate between the diverse microbial ligands. Diversity results from 
extracellular and intracellular interactions of different TLRs. The authors 
demonstrated that TLR1 and TLR2 are required for ara-lipo-arabinomannan and 
tripalmitoyl cysteinyl lipopeptides-stimulated cytokine secretion from mononuclear 
cells. Confocal microscopy revealed that TLR1 and TLR2 cotranslationally form 
heterodimeric complexes on cell surface and in the cytosol. Simultaneous cross-
linking of both receptors resulted in ligand-independent signal transduction. 
Expression of the extracellular domains along with simultaneous expression of the 
intracellular domains of both TLRs was necessary to achieve functional signaling. 

The involvement of two adapter proteins, Mal (MyD88-adapter-like) and 
MyD88, in the signal transduction processes activated by TLRs have been 
described by O’Neill (20).   

Dysregulation of the molecular mechanisms that control TLR signaling may 
lead to the hyperactivation of host cells by microbial products and septic shock 
(16). 

 
Examples of specific activities of TLRs 

   
TLR3 interacts with dsRNA, whereas TLR9 recognizes unmethylated CpG 

motifs frequently found in the genome of bacteria and viruses. TLR7 and TLR9 
respond to their ligands by producing a large amount of interferon alpha. These 
results indicate that TLR3, TLR7 and TLR9 may play a role in detecting and 
combating bacterial and viral infections (1). 

Branger et al (4) demonstrated that TLR4 plays a protective role in 
pulmonary tuberculosis in mice. Thus, TLR4 mutant mice, with a non-functional 
TLR4, are more susceptible to an intranasal challenge with Mycobacterium 
tuberculosis.   

Andersen et al (2) revealed that mucosal epithelial cells express functional 
TLR3 and TLR9 and suggested that these receptors play a role in regulating the 
proinflamatory cytokines and antiviral environment of the lower female reproductive 
tract during infection with viral and bacterial pathogens. 

Obonyo et al (17) found that H. pylori activates TLR2 and TLR4, leading to 
the secretion of distinct cytokines by macrophages. The authors revealed that 
MyD88 pathway activated by TLR2 stimulation is responsible for H. pylori induction 
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of the host proinflamatory response (characterized by the synthesis of IL-6 and IL-
1β). 

Duenas et al (2006) demonstrated that LPS from Francisella tularensis 
signals via TLR4 at higher concentrations than those required for E. coli LPS, 
which may explain the inflammatory reaction and the low endotoxic response 
associated with vaccination with a live immunogenic product against this bacterium. 

TLR2 has been recognized to mediate cell signaling in response to the 
peptidoglycan (PGN) derived from S. aureus, a major cell wall component of Gram 
positive bacteria. The soluble molecule sCD14 interacts with sTLR2 and increases 
the binding of sTLR2 to PGN; it is thus demonstrated that extracellular TLR2 
domain directly binds to PGN (11).         

A subset of TLRs recognizes viral components and induces antiviral 
responses. Thus, TLR4 recognizes viral components at the infected cells’ surface; 
TLR3, TLR7, TLR8, and TLR9 recognize viral nucleic acids on endosomal 
membrane after ligand recognition, TLRs activate their intrinsic signaling pathways 
and induce type IFN I (24). Colonna (5) reported that TLRs are involved in the 
mechanisms of autoimmunity, as they trigger secretion of IFN-α as well of 
proinflamatory cytokines such as TNF-α.  

 
Concluding remarks 

 
Toll-like receptors (TLRs) are counted among the key molecules that alert 

the immune system to the presence of microbial pathogens. The toll-like receptor 
family network includes at least 13 different molecular structures. These receptors 
have been identified in humans, mice, as well in several domestic animal species. 
TLRs are involved in the recognition of invading microorganisms by interacting with 
the highly conserved molecular surface antigens known as pathogen associated 
molecular pattern (PAMPs), shared by a broad range of bacterial and viral 
organisms. The role of TLRs is linked to the activation of nuclear factor-κ B (NF-
κB), a transcription factor that is involved in the expression of several 
proinflamatory cytokines, costimulatory proteins, and adhesion molecules. The 
recognition and transduction activities or TLRs are crucial for the initiation and 
development of natural and adaptive mechanisms which have a paramount role in 
the immune protection.      
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