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Pseudomonas aeruginosa is an important opportunistic bacterium, which its resistant form can induce some 

complications in immunocompromised patients. The bacterium uses several mechanisms to overcome immune responses 

and makes a resistant form. Toll like receptors (TLRs) are the most well-known innate immune receptors that play key roles 

in the induction and stimulation of immune responses against bacteria. Accordingly, it has been hypothesised that 

Pseudomonas aeruginosa may cause significant interactions with the receptors to be resistance to immune responses and 

make persistence infection. Thus, the main aim of this review article is to discuss the roles played by toll like receptors in 

the induction of appropriate immune responses and also induction of the bacterium complications. 
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Introduction 

Pseudomonas aeruginosa  is an opportunistic 

bacterium which uses several mechanisms to regulate 

its gene expression and alter immune responses
1
. The 

main mechanisms and pathogen recognition receptors 

(PRRs) used by P. aeruginosa for induction of some 

compilations, such as pathological inflammation, are 

yet to be clarified. PRRs are the main innate immune 

receptors to recognise microbes and consist of cell 

membrane and intra-cytoplasmic forms. Toll like 

receptors (TLRs) are the most well-known PRRs that 

play significant roles against gram-positive and 

negative bacteria, including P. aeruginosa
2-4

. TLR2 is 

the unique member of the TLRs family that makes 

either homo, with itself, or heterodimers, with TLR1 

and TLR6
5
. The molecule plays dual roles during 

induction of immune responses against foreign 

factors, from induction of immune responses to 

modulation of the system
5
. Therefore, it may play 

dual roles against P. aeruginosa. Recent information 

regarding the roles played by TLR2 against P. 

aeruginosa is presented in this review article. 
 

P. aeruginosa; a pathogenic bacterium  

P. aeruginosa is an opportunistic pathogen that can 

be found everywhere and is commonly associated 

with various hospital-acquired infections. These 

infections often occur in relation to medical devices 

and procedures, such as endovascular catheters, 

mechanical ventilation, surgical wounds, and burn 

infections
6
. It is also frequently implicated in chronic 

respiratory diseases, including cystic fibrosis, 

bronchiectasis, and chronic obstructive pulmonary 

disease (COPD). This particular type of Gram-

negative bacteria, which does not ferment 

carbohydrates, is of great concern due to its increasing 

rates of drug resistance. This resistance is mainly 

attributed to a combination of factors, including 

reduced permeability of the outer membrane, active 

expulsion of drugs from the bacterial cell, and the 

acquisition of mobile genetic elements containing 

antibiotic-resistant genes
7,8

. P. aeruginosa has also 

been classified as part of the ESKAPE group, a group 

of six bacteria that require special attention due to 

their high levels of antimicrobial resistance
9
. 

Furthermore, P. aeruginosa possesses the ability to 

produce a wide range of virulence factors, such as 

biofilms, exotoxins, siderophores, and secretion 

systems. This versatility allows the pathogen to pose a 

significant threat and adapt effectively to its 

everchanging environment
10

. P. aeruginosa infections 

can be associated with some complications that are 

pro-inflammatory based disorders. Thus, it seems that 

pathological immune responses against the bacterium 

may be a reason for induction of the disorders.  
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Toll-like receptor 2 and P. aeruginosa 
TLR2 (TIL4 and CD282) is a highly conserved 

molecule and was characterised in 1998
5
. This is 

a type-I trans-membrane protein and recognises 

several pathogens associated molecular patterns 

(PAMPs), including bacterial peptidoglycan, 

lipopolysaccharide (LPS), lipoteichoic acid, 

lipoprotein, porins, and viral hemagglutinin/ 

glycoproteins, and damage associated molecular 

patterns (DAMPs), such as high mobility group box 1 

(HMGB1), human glycosaminoglycan hyaluronan, 

heat shock proteins, and β-defensin-3
5
. This is the 

unique TLR that makes either homodimer or 

heterodimer, by TLR1 and TLR6
11

. Following 

TLR2/ligand interactions, inductions of two 

categories of internal Signalling pathways are 

plausible, MAPKs (Mitogen-activated protein kinase) 

and Myeloid differentiation primary response protein 

88 (MyD88) dependent Signalling pathways as pro-

inflammatory responses and the phosphoinositide 3-

kinase (PI3K)/Akt pathway, as the plausible inducers 

of anti-inflammatory molecules, such as IL-10
5
. The 

Signalling pathways are presented in detail by  

Bagheri et al., 2014
5
.  

Due to the introduction regarding the functions of 

TLR2, it has been hypothesised that the molecule may 

play dual roles against P. aeruginosa. TLR2 may be a 

main factor against P. aeruginosa to control its 

infections and, accordingly, may participate in its pro-

inflammatory related compilations. Indeed, the 

activation of Pattern Recognition Receptors (PRRs) 

can also induce immunologic tolerance against  

P. aeruginosa antigens. One of the mechanisms  

by which PRR activation contributes to immunologic 

tolerance is through the induction of regulatory 

immune responses. Upon recognition of  

P. aeruginosa antigens by PRRs, specific immune 

cells, such as regulatory T cells (Tregs), may be 

activated. Tregs play a crucial role in suppressing 

excessive immune responses and promoting immune 

tolerance. They can inhibit the activation and function 

of effector immune cells, such as T cells and 

macrophages, thereby preventing excessive 

inflammation and tissue damage
12,13

. To confirm the 

hypothesis, there are several investigations that 

confirmed the role played by TLR2 against  

P. aeruginosa in controlling its infection.  

Entezari et al.
12

 showed that functional TLR2 

Signalling pathways play key roles in the activation of 

macrophages phagocytosis against P. aeruginosa in a 

HMGB1 dependent manner . Shin et al.
13

 revealed 

that P. aeruginosa infection is an important cause of 

TLR2 upregulation, and then subsequently enhances 

the pro-inflammatory innate immune responses 

against other infections. Another investigation 

showed that β-Glucan via interactions with TLR2 

enhances phagocytosis, production of reactive oxygen 

species, glycolytic and oxidative metabolism, and 

mitochondrial mass in the macrophages against P. 

aeruginosa
14

. The significant roles played by TLR2 

alone or in a synergistic manner with other PRRs have 

been demonstrated by Xaplanteri et al.
15

. TLR2 can 

also recognise the key P. aeruginosa quorum sensing 

signal molecule, N-3-oxododecanoyl-homoserine 

lactone (3OC12HSL), and then induction of IL-8 

against the bacteria
16

. 3OC12HSL has various effects 

on the expression of TLR2, as Bao et al.
17

 and  

Lu et al.
18

. reported that 3OC12HSL increases and 

decreases the expression of TLR2 in the positive and 

negative feedbacks, respectively. 

Although TLR2 plays some roles in the induction 

of immune responses against P. aeruginosa, some 

investigations revealed that its roles may not be 

significantly necessary because in the mice lacking 

TLR2, but natural TLR4 and 5, there are normal 

immune responses and limited infections
19

. It was also 

documented by other investigators, which reported 

TLR2 lack was not associated with severe defect in 

normal immune responses against P. aeruginosa 
20-22

. 

However, defections in other TLRs, such as TLR4 or 

TLR5, can be associated with defective immune 

responses against the bacterium
20

. Accordingly, 

Zhang et al.
23

 revealed that the lack of TLR5 blocked 

the response to P. aeruginosa, however, it was not 

seen in the lack of TLR2 Signalling. Lack of TLR2 

also was not associated with susceptibility to P. 

aeruginosa adhesion to the corneal epithelial cells
24

. 

Ramphal et al.
25

 also demonstrated that TLR2 is not 

the main responsible PRR involved in hyper 

susceptibility to animal model of acute P. aeruginosa 

lung infections. Sun et al.
26

 reported that although 

TLR2 is upregulated during P. aeruginosa-related 

keratitis, the PRR did not play a key role in 

decreasing proliferation of the bacterium. Another 

investigation revealed that although toll/IL-1R 

domain-containing adaptor protein (TIRAP), the 

adaptor protein for TLR2, is a critical factor for 

defence in the lung against Klebsiella pneumonia,  

it does not play significant roles against  

P. aeruginosa
27

. Due to the investigations, it appears 
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that there is controversial information regarding the 

roles played by TLR2 against P. aeruginosa. 

However, the most investigations were performed on 

the P. aeruginosa-derived molecules
28

, but not on the 

live bacterium, so the studies on the live bacteria may 

be associated with different results. Accordingly, 

Lagoumintzis et al.
29

 showed that P. aeruginosa 

viable bacterium TLR2 mediated immune responses 

against the bacterium more efficiently than the P. 

aeruginosa derived LPS
29

. In addition, the roles 

played by TLR2 against P. aeruginosa significantly 

rely on the bacterium's functions. Accordingly, P. 

aeruginosa growing in a medium of cystic fibrosis 

sputa leads to up-regulation of TLR2-related IL-8 and 

in phases of P. aeruginosa biofilm, the TLR pathway 

did not contribute to IL-8 production
30

. Coinfection 

with other bacteria may also alter the functions of 

TLR2 against P. aeruginosa. For example, Chekabab 

et al.
31

 reported that Staphylococcus aureus inhibits 

production of TLR2 related IL-8 against P. 

aeruginosa in airway epithelial cells
31

. In contrast, in 

the coinfection of Streptococcus pneumoniae and P. 

aeruginosa, TLR2 expressions are upregulated in the 

corneal ulcers
32

. Additionally, P. aeruginosa may 

have anti TLR2 mechanism to regulate its function. 

For example, an investigation by Bertelsen et al.
33

 

revealed that immune responses dependent on TLR2 

are more effective against Pseudomonas nigrescens 

than P. aeruginosa
33

. Zhang et al.
34

 reported that P. 

aeruginosa encoded unknown proteins that are 

encoded by 3880 (PA3880) gene and down-regulates 

the functions of TLR2 via either direct interaction 

with the molecules or indirectly affecting its-related 

intracellular Signalling pathways. A study revealed 

that P. aeruginosa induces expression of miR-302b  

via interaction with TLR2 and through ERK-p38- 

NF-κB Signalling pathway
35

. miR-302b plays 

antiinflammatory roles during infection with the 

bacterium
35

. It has been documented that the functions 

of TLR2 on immune cells are dependent on the 

interaction with other cells. For instance, Martin and 

Prince
36

 revealed that the gap junction channels 

between the airway epithelial cells participate in the 

movement of Ca (2
+
) from cell to cell, the main 

inducers of TLR2 intracellular Signalling pathways. 

In addition, Ca (2
+
) that is generated by P. aeruginosa 

induced TLR2 signals can activate calpains, the 

cysteine proteases, and then cleavage the 

transmembrane junctional proteins occludin and E-

cadherin
37

. The cleavage leads to increased 

transepithelial migration of immune cells in response 

to TLR2 agonists in a mouse model of P. aeruginosa 

infection. Additionally, in the case of activation of 

several TLRs simultaneously, but not TLR2 lonely, 

antibacterial immune responses are plausible by 

TLR2 Signalling pathways
37

. Together, it appears that 

several factors determine the main roles played by 

TLR2 during P. aeruginosa infections, including 

interaction of TLR2 with a live bacterium, the 

bacterium phases and functions, coinfection  

with other bacteria, induction of tolerance by  

P. aeruginosa, interaction with other non-immune 

cells, and activation of several TLRs simultaneously. 

The plausible mechanisms are presented in figure 1. 
 

Pathological roles played by TLR2 during P. aeruginosa 

infection 

TLR2 (Toll-like receptor 2) may not have critical 

roles in the defence against P.aeruginosa, its 

involvement in the pathogenesis of infections caused 

by this bacterium and its associated complications, 

such as cystic fibrosis, has been previously 

established
38

. Accordingly, Jin et al.
39

 showed that 

TLR2 does not participate in the induction of immune 

responses in the early phases of P. aeruginosa 

keratitis, it was upregulated in the late phases of the 

disease. In case of keratitis, the activation of TLR2 by 

PAMPs present on the invading pathogens triggers the 

release of pro-inflammatory cytokines like 

interleukin-1 (IL-1), tumor necrosis factor-alpha 

(TNF-α), and interleukin-6 (IL-6). These cytokines 

attract immune cells to the cornea, stimulate the 

production of antimicrobial peptides, and promote the 

activation and migration of immune cells to the site of 

infection. The influx of immune cells, particularly 

neutrophils, helps to clear the infection but also 

contributes to the inflammatory response, leading to 

symptoms such as redness, swelling, and pain 

associated with keratitis. Overall, the activation of 

PRRs, particularly TLR2, in keratitis triggers an 

innate immune response characterised by the release 

of pro-inflammatory mediators, recruitment of 

immune cells, and the initiation of inflammation to 

combat the invading pathogens
39

. A study by Gally et 

al.
40

 revealed that cigarette smoking was associated 

with decreased expression of fatty acid binding 

protein 5 (FABP5) in airway epithelial cells and 

promotes P. aeruginosa infection. Interestingly, 

down-regulation of FABP5 was associated with up-

regulation of TLR2 and increased expression of IL-8, 

the most important chemokine for recruitment of 
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neutrophils and inflammation
40

. TLR2 can increase 

expression of IL-8 in the pro-inflammatory 

compilations   of   P.  aeruginosa via up-regulation  of 

nicotinamide adenine dinucleotide phosphate 

(NADPH) oxidase
41

. Indeed, TLR2 activation can 

lead to increased expression of interleukin-8 (IL-8) in 

the pro-inflammatory responses associated with P. 

aeruginosa infections. This upregulation occurs 

through the activation of nicotinamide adenine 

dinucleotide phosphate (NADPH) oxidase. When 

TLR2 recognises specific components of P. 

aeruginosa, it triggers intracellular Signalling 

pathways that result in the activation of NADPH 

oxidase. NADPH oxidase is an enzyme complex 

responsible for generating reactive oxygen species 

(ROS) within immune cells, such as neutrophils and 

macrophages. The activation of NADPH oxidase by 

TLR2 leads to the production of ROS, including 

superoxide anions. These ROS play a crucial role in 

Signalling cascade that leads to the increased 

expression of IL-8. The ROS generated by NADPH 

oxidase activate various downstream Signalling 

pathways, including the activation of transcription 

factors such as nuclear factor-kappa B (NF-κB).NF-

κB, upon activation, translocates into the nucleus and 

binds to the promoter region of the IL-8 gene, 

promoting its transcription and subsequent 

expression. As a result, IL-8 is upregulated and 

released into the surrounding tissue. IL-8 is a potent 

chemokine that attracts and activates neutrophils, 

leading to their recruitment to the site of infection and 

further amplifying the inflammatory response. 

Therefore, TLR2 activation in the context of P. 

aeruginosa infections can stimulate NADPH oxidase 

activity, resulting in the generation of ROS and 

subsequent activation of NF-κB. This leads to the up-

regulation of IL-8 expression, which plays a crucial 

role in the recruitment and activation of neutrophils, 

contributing to the pro-inflammatory response 

observed in P. aeruginosa associated 

 
 

Fig. 1 — Outcome of P. aeruginosa and TLR2 interaction. Several factors determine the main roles played by TLR2 during  

P. aeruginosa infections. Interaction of TLR2 with live bacterium, P. aeruginosa growing in a media of cystic fibrosis sputa, coinfection 

with Streptococcus pneumonia and activation of TLR2 with other TLRs simultaneously lead to activation of immune cells, while 

interaction of TLR2 with P. aeruginosa-associated PAMPs, P. aeruginosa growing in a Biofilm phases, coinfection with Staphylococcus 

aureus, expression of PA3880 by P. aeruginosa, up-regulation of miR-302b, activation of calpains and activation of TLR2 alone are not 

associated with activation of immune cells. 
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complications
41

.Therefore, it appears that activation 

of TLR2 decreased immune defense against P. 

aeruginosa and increased the pro-inflammatory 

responses. The pro-inflammatory roles played by 

TLR2 in inducing injuries to the P. aeruginosa 

infected cells have also been documented by Sharma 

et al.
42

. They revealed that ODSH (2-O, 3-O-

desulfated heparin), a heparin derivative with 

significant antiinflammatory properties, inhibits 

binding of HMGB1 to TLR2 and reduces the 

pathological pro-inflammatory responses against P. 

aeruginosa
42

. OprC is one of the bacterial porins that 

induces quorum sensing and attenuates immune 

responses against P. aeruginosa. However, the 

molecule can be recognised by TLR2 and it leads to 

inflammasome activation and increased production of 

pro-inflammatory cytokines
43

. The inflammatory 

condition can be associated with several pathological 

compilations of P. aeruginosa infection
43

.  

Paolillo et al.
44

 revealed that the culture supernatants 

from P. aeruginosa containing lipase directly 

increased functions of mononuclear cells in the 

immunocompromised patients through interactions 

with TLR2. Additionally, it has been demonstrated 

that during cystic fibrosis, the presence of the mucoid 

phenotype of P. aeruginosa can be a marker for poor 

survival
45

. Interestingly, Beaudoin et al.
45

 

demonstrated that TLR2 crucially participates in the 

induction of mucoid phenotype in the P. aeruginosa 

infected patients who suffered from cystic fibrosis. 

The results were confirmed by Firoved et al.
46

 who 

reported the main roles played by TLR2 against 

Pseudomonas lipoproteins to induce mucoid 

phenotype in the P. aeruginosa infected patients. 

Mizutani et al.
47

 also proved the results and revealed 

that the intracellular Signalling of TLR2 is more 

resistant to the antiinflammatory effects of 

corticosteroids when compared to other TLRs and is 

more capable of inducing pathological inflammation 

in the cystic fibrosis mediated by P. aeruginosa. 

Farias and Rousseau
48

 also demonstrated that 

pathological inflammation during infection with 

Pseudomonas lipoproteins in cystic fibrosis can be 

induced in TLR2-IL-33 mediated pathway
48

. In 

addition, exoenzyme S, as an important P. aeruginosa 

virulence factor, induces potent pro-inflammatory 

cytokines and chemokines via interactions with 

TLR2
49

. Another investigation on animal models 

revealed that using chicken-derived peptide 

cathelicidin-2 (CATH-2) can limit pathological 

inflammation by inhibiting TLR2, and hence increase 

survival of the P. aeruginosa infected animals
50

. 

YCG063, an inhibitor of reactive oxygen species, 

inhibits P. aeruginosa related pathological 

inflammation, which is mediated through the TLR2-

mediated AKT/NF-κB pathway
51

. Accordingly, 

YCG063 either blocks the Signalling pathway or 

down regulates expression of TLR2
51

. The 

pathological roles played by TLR2 in the induction of 

pathological inflammation during P. aeruginosa 

infection have also been demonstrated by several 

investigations
52-54

. Thus, it may be hypothesised that 

TLR2 is a main factor that participates in the 

inflammatory complications of P. aeruginosa 

infection, and accordingly, can be considered for 

future immunotherapy against some disorders, like 

cystic fibrosis. In addition to induce pathological 

inflammation in the P. aeruginosa infected patients, 

TLR2 may also participate in other P. aeruginosa 

related compilations. For example, it has been 

reported that TLR2 can facilitate adhesion of P. 

aeruginosa to human cells in Lyn, a critical B cell 

Signalling kinase, dependent manner
55

. Another study 

revealed that TLR2 can inhibit wound healing via 

interaction with lipopolysaccharide (LPS) derived 

from P. aeruginosa
56

. TLR2 can also induce 

autophagy in the P. aeruginosa infected alveolar 

macrophages
57

. 

Collectively, there is a need for further exploration 

of the roles of TLR2 in the pathogenesis of 

Pseudomonas aeruginosa, as its utilisation and 

Signalling pathways appear to be complex and 

somewhat contradictory. Figure 2 illustrates the 

plausible pathological roles played by TLR2 in the P. 

aeruginosa infected patients. Due to the results 

authors suggest to explore more TLR2-ligands to 

manipulate P. aeruginosa infection and its 

complications. Indeed, the fact that TLR2 shares 

common intracellular Signalling molecules with other 

Toll-like receptors (TLRs) presents an opportunity for 

manipulating diseases by utilising other TLR ligands. 

By utilising ligands specific to other TLRs, it is 

possible to modulate the immune response and 

potentially manipulate the course of the disease. 

Additionally, the use of synthetic ligands or agonists 

specific to TLRs can also be explored. These ligands 

can selectively activate specific TLRs and modulate 

the immune response accordingly. Such approaches 

have shown promise in experimental studies and  

have the  potential  to  be  developed  into  therapeutic  
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Fig. 2 — P. aeruginosa utilises TLR2 and its associated 

Signalling pathways to trigger certain complications. Pathological 

inflammation, facilitate adhesion of the bacterium to the target 

cells, inhibition of wound healing, and attenuation of the immune 

responses via induction of autophagy in the macrophages are the 

main pathological roles played by P. aeruginosa-TLR2 

interactions. 
 

strategies for manipulating diseases. However, it is 

essential to note that the manipulation of TLR 

Signalling for therapeutic purposes requires careful 

consideration and extensive research. Modulating the 

immune response can have both positive and negative 

effects, and the specific context of the disease and 

individual patient factors need to be taken into 

account. In summary, the utilisation of other TLR 

ligands presents an avenue for manipulating diseases 

by targeting common intracellular signalling 

pathways. Further research and understanding of the 

specific disease mechanisms are necessary to 

determine the potential efficacy and safety of such 

approaches. 
 

Conflict of interest 

Authors have no conflict of interest to declare. 

  
References 
1 Hu R, Yuan K, Zhou J, Zhang Y, Zheng J, Zhao Y, Huang X 

& Jin X, Influence of Pseudomonas autoinducer N-3-

oxododecanoyl homoserine lactone on human corneal 

epithelial cells. Exp Biol Med, 246(2021)426. http://doi.org/ 

10.1177/1535370220969838. 

2 Nasiri E & Kariminik A, Up-regulation of AIM2 and TLR4 

and down-regulation of NLRC4 are associated with 

septicemia. Indian J Med Microbiol ,39(2021)334. 

https://doi.org/10.1016/j.ijmmb.2021.05.002 . 

3 Ahmadishoar S & Kariminik A. Toll-like receptor 2 and its 

roles in immune responses against Legionella pneumophila. 

Life Sci, 188(2017)158. https://doi.org/10.1016/ 

j.lfs.2017.09.009 . 

4 Imbert PR, Louche A, Luizet JB, Grandjean T, Bigot S, 

Wood TE, Gagné S, Blanco A, Wunderley L, Terradot L, 

Woodman P, Garvis S, Filloux A, Guery B & Salcedo SP, A 

Pseudomonas aeruginosa TIR effector mediates immune 

evasion by targeting UBAP1 and TLR adaptors. Embo J, 

36(2017)1869. embj.201695343 . https://doi.org/10.15252/ 

embj.201695343 . 

5 Bagheri V, Askari A, Arababadi MK & Kennedy D,  

Can Toll-Like receptor (TLR) 2 be considered as a  

new target for immunotherapy against hepatitis B infection? 

Hum Immunol, 75(2014)549. https://doi.org/10.1016/ 

j.humimm.2014.02.018. 

6 Bédard E, Prévost M & Déziel E, Pseudomonas aeruginosa 

in premise plumbing of large buildings. Microbiol Open, 

5(2016)937. https://doi.org/ 10.1002/mbo3.391.  

7 Shi G, Yin H, Ye J, Peng H, Li J & Luo C, Aerobic 

biotransformation of decabromodiphenyl ether (PBDE-209) 

by Pseudomonas aeruginosa. Chemosphere, 93(2013)1487. 

https://doi.org/10.1016/j.chemosphere.2013.07.044. 

8 Gellatly SL & Hancock RE, Pseudomonas aeruginosa: new 

insights into pathogenesis and host defenses. Path Dis, 

67(2013)159. https://doi.org/ 10.1111/2049-632X.12033. 

9 Loyola-Cruz MÁ, Durán-Manuel EM, Cruz-Cruz C, 

Márquez-Valdelamar LM, Bravata-Alcántara JC, Cortés-

Ortíz IA, Cureño-Díaz MA, Ibáñez-Cervantes G, Fernández-

Sánchez V, Castro-Escarpulli G & Bello-López JM, 

ESKAPE bacteria characterisation reveals the presence of 

Acinetobacter baumannii and Pseudomonas aeruginosa 

outbreaks in COVID-19/VAP patients. Am J Infect Control, 

51(2023)729. https://doi.org/10.1016/j.ajic.2022.08.012. 

10 Tashiro Y, Yawata Y, Toyofuku M, Uchiyama H & Nomura 

N, Interspecies interaction between Pseudomonas aeruginosa 

and other microorganisms. Microbes Environments, 

28(2013)13. https://doi.org/10.1264/jsme2.ME12167. 

11 Oliveira-Nascimento L, Massari P & Wetzler LM, The role 

of TLR2 in infection and immunity. Front Immunol, 

3(2012)79. https://doi.org/10.3389/fimmu.2012.00079 . 

12 Entezari M, Weiss DJ, Sitapara R, Whittaker L,  

Wargo MJ, Li J, Wang H, Yang H, Sharma L,  

Phan BD, Javdan M, Chavan SS, Miller EJ, Tracey  

KJ & Mantell LL, Inhibition of high-mobility group  

box 1 protein (HMGB1) enhances bacterial clearance and 

protects against Pseudomonas aeruginosa pneumonia  

in cystic fibrosis. Mol Med, 18(2012)477. 

https://doi.org/10.2119/molmed.2012.00024 . 

13 Shin HS, Lee JH, Paek SH, Jung YW & Ha UH, 

Pseudomonas aeruginosa-dependent upregulation of TLR2 

influences host responses to a secondary Staphylococcus 

aureus infection. Pathog Dis, 69(2013)149. 

https://doi.org/10.1111/2049-632X.12074 . 

14 Stothers CL, Burelbach KR, Owen AM, Patil NK, McBride 

MA, Bohannon JK, Luan L, Hernandez A, Patil TK, 

Williams DL & Sherwood ER, β-Glucan induces distinct and 

protective innate immune memory in differentiated 

macrophages. J Immunol, 207(2021)2785. https://doi.org/ 

10.4049/jimmunol.2100107 . 

15 Xaplanteri P, Lagoumintzis G, Dimitracopoulos G & 

Paliogianni F, Synergistic regulation of Pseudomonas 

aeruginosa-induced cytokine production in human 

https://doi.org/10.1016/
https://doi.org/10.15252/
https://doi.org/10.1016/
https://doi.org/


AHMADISHOAR & KARIMINIK : PSEUDOMONAS AERUGINOSA AND TLRs 

 

 

7 

monocytes by mannose receptor and TLR2. Eur J Immunol, 

39(2009)730. https://doi.org/10.1002/eji.200838872 . 

16 Hu R, Yuan K, Zhou J, Zhang Y, Zheng J, Zhao Y, Huang X 

& Jin X, Influence of Pseudomonas autoinducer N-3-

oxododecanoyl homoserine lactone on human corneal 

epithelial cells. Exp Biol Med (Maywood), 246(2021)426. 

https://doi.org/10.1177_1535370220969838 . 

17 Bao L, Yu J, Zhong H, Huang D & Lu Q, Expression of toll-

like receptors in T lymphocytes stimulated with N-(3-

oxododecanoyl)-L-homoserine lactone from Pseudomonas 

aeruginosa. Apmis, 125(2017)553. https://doi.org/ 

10.1111/apm.12690 . 

18 Lu Q, Lin Y, Yang X, Liu W, Zhang X, Huang D & Zhong 

H, Regulation on expression of toll-like receptors on 

monocytes after stimulation with the 3-o-C12-HSL molecule 

from Pseudomonas aeruginosa. Curr Microbiol, 

65(2012)384. https://doi.org/10.1007/s00284-012-0162-z . 

19 Ramphal R, Balloy V, Jyot J, Verma A, Si-Tahar M & 

Chignard M, Control of Pseudomonas aeruginosa in the lung 

requires the recognition of either lipopolysaccharide or 

flagellin. J Immunol, 181(2008)586. https://doi.org/10.4049/ 

jimmunol.181.1.586 . 

20 Skerrett SJ, Wilson CB, Liggitt HD & Hajjar AM, 

Redundant Toll-like receptor signaling in the pulmonary host 

response to Pseudomonas aeruginosa. Am J Physiol Lung 

Cell Mol Physiol, 292(2007)L312. 00250.2006 . 

https://doi.org/10.1152/ajplung.00250.2006 . 

21 Mijares LA, Wangdi T, Sokol C, Homer R, Medzhitov R & 

Kazmierczak BI, Airway epithelial MyD88 restores control 

of Pseudomonas aeruginosa murine infection via an IL-1-

dependent pathway. J Immunol, 186(2011)7080. 

https://doi.org/10.4049/jimmunol.1003687 . 

22 Reiniger N, Lee MM, Coleman FT, Ray C, Golan DE & Pier 

GB, Resistance to Pseudomonas aeruginosa chronic lung 

infection requires cystic fibrosis transmembrane conductance 

regulator-modulated interleukin-1 (IL-1) release and 

signaling through the IL-1 receptor. Infect Immun, 

75(2007)1598. https://doi.org/10.1128/IAI.01980-06 . 

23 Zhang Z, Louboutin JP, Weiner DJ, Goldberg JB & Wilson 

JM, Human airway epithelial cells sense Pseudomonas 

aeruginosa infection via recognition of flagellin by Toll-like 

receptor 5. Infect Immun, 73(2005)7151. https://doi.org/ 

10.1128/IAI.73.11.7151-7160.2005 . 

24 Metruccio MME, Tam C, Evans DJ, Xie AL, Stern ME & 

Fleiszig SMJ, Contributions of MyD88-dependent  

receptors and CD11c-positive cells to corneal epithelial  

barrier function against Pseudomonas aeruginosa.  

Sci Rep, 7(2017)13829. 10.1038/s41598-017-14243-w. 

https://doi.org/10.1038/s41598-017-14243-w . 

25 Ramphal R, Balloy V, Huerre M, Si-Tahar M & Chignard M, 

TLRs 2 and 4 are not involved in hypersusceptibility to acute 

Pseudomonas aeruginosa lung infections. J Immunol, 

175(2005)3927. 

https://doi.org/10.4049/jimmunol.175.6.3927 . 

26 Sun Y, Karmakar M, Roy S, Ramadan RT, Williams SR, 

Howell S, Shive CL, Han Y, Stopford CM, Rietsch A & 

Pearlman E, TLR4 and TLR5 on corneal macrophages 

regulate Pseudomonas aeruginosa keratitis by  

signaling through MyD88-dependent and -independent 

pathways. J Immunol, 185(2010)4272. 

https://doi.org/10.4049/jimmunol.1000874. 

27 Jeyaseelan S, Young SK, Yamamoto M, Arndt PG, Akira S, 

Kolls JK & Worthen GS, Toll/IL-1R domain-containing 

adaptor protein (TIRAP) is a critical mediator of antibacterial 

defense in the lung against Klebsiella pneumoniae but not 

Pseudomonas aeruginosa. J Immunol, 177(2006)538. 

https://doi.org/10.4049/jimmunol.177.1.538 . 

28 Zhang M, Luo F, Zhang Y, Wang L, Lin W, Yang M, Hu D, 

Wu X & Chu Y, Pseudomonas aeruginosa mannose-

sensitive hemagglutinin promotes T-cell response via toll-

like receptor 4-mediated dendritic cells to slow tumor 

progression in mice. J Pharmacol Exp Ther, 349(2014)279. 

https://doi.org/10.1124/jpet.113.212316 . 

29 Lagoumintzis G, Xaplanteri P, Dimitracopoulos G & 

Paliogianni F, TNF-alpha induction by Pseudomonas 

aeruginosa lipopolysaccharide or slime-glycolipoprotein in 

human monocytes is regulated at the level of Mitogen-

activated Protein Kinase activity: a distinct role of Toll-like 

receptor 2 and 4. Scand J Immunol, 67(2008)193. 

https://doi.org/10.1111/j.1365-3083.2007.02053.x . 

30 Roussel L, LaFayette S, Nguyen D, Baglole CJ & Rousseau 

S, Differential contribution of the aryl-Hydrocarbon receptor 

and Toll-Like receptor pathways to IL-8 expression in 

normal and cystic fibrosis airway epithelial cells exposed to 

Pseudomonas aeruginosa. Front Cell Dev Biol, 4(2016)148. 

10.3389/fcell.2016.00148. 

31 Chekabab SM, Silverman RJ, Lafayette SL, Luo Y, 

Rousseau S & Nguyen D, Staphylococcus aureus inhibits IL-

8 responses induced by Pseudomonas aeruginosa in airway 

epithelial cells. PLoS One, 10(2015)e0137753. 

https://doi.org/10.1371/journal.pone.0137753 . 

32 Karthikeyan RS, Priya JL, Leal SM, Jr., Toska J, Rietsch A, 

Prajna V, Pearlman E & Lalitha P, Host response and 

bacterial virulence factor expression in Pseudomonas 

aeruginosa and Streptococcus pneumoniae corneal ulcers. 

PLoS One, 8(2013)e64867. https://doi.org/10.1371/ 

journal.pone.0064867 . 

33 Bertelsen A, Elborn JS & Schock BC, Infection with 

Prevotella nigrescens induces TLR2 signalling and low 

levels of p65 mediated inflammation in Cystic Fibrosis 

bronchial epithelial cells. J Cyst Fibros, 19(2020)211. 

https://doi.org/10.1016/j.jcf.2019.09.005 . 

34 Zhang Y, Zhou CM, Pu Q, Wu Q, Tan S, Shao X, Zhang W, 

Xie Y, Li R, Yu XJ, Wang R, Zhang L, Wu M & Deng X, 

Pseudomonas aeruginosa regulatory protein AnvM controls 

pathogenicity in anaerobic environments and impacts host 

defense. mBio, 10(2019). mBio.01362-19 . 

https://doi.org/10.1128/mBio.01362-19 . 

35 Zhou X, Li X, Ye Y, Zhao K, Zhuang Y, Li Y, Wei Y & Wu 

M, MicroRNA-302b augments host defense to bacteria by 

regulating inflammatory responses via feedback to 

TLR/IRAK4 circuits. Nat Commun, 5(2014)3619.  

https://doi.org/10.1038/ncomms4619 . 

36 Martin FJ & Prince AS, TLR2 regulates gap  

junction intercellular communication in airway cells.  

J Immunol, 180(2008)4986. https://doi.org/10.4049/ 

jimmunol.180.7.4986 . 

37 Chun J & Prince A, TLR2-induced calpain cleavage of 

epithelial junctional proteins facilitates leukocyte 

transmigration. Cell Host Microbe, 5(2009)47. 

https://doi.org/10.1016/j.chom.2008.11.009 . 

https://doi.org/
https://doi.org/10.4049/
https://doi.org/
https://doi.org/
https://doi.org/10.4049/
https://doi.org/10.1371/
https://doi.org/10.4049/


INDIAN J EXP BIOL, SEPTEMBER 2024 

 

 

8 

38 McIsaac SM, Stadnyk AW & Lin TJ, Toll-like receptors in 

the host defense against Pseudomonas aeruginosa respiratory 

infection and cystic fibrosis. J Leukoc Biol, 92(2012)977. 

https://doi.org/10.1189/jlb.0811410 . 

39 Jin X, Lin Z & Xie X, The delayed response of Toll-like 

receptors may relate to Pseudomonas aeruginosa keratitis 

exacerbating rapidly at the early stages of infection. Eur J 

Clin Microbiol Infect Dis, 29(2010)231. 

https://doi.org/10.1007/s10096-009-0844-z . 

40 Gally F, Chu HW & Bowler RP, Cigarette smoke  

decreases airway epithelial FABP5 expression and  

promotes Pseudomonas aeruginosa infection.  

PLoS One, 8(2013)e51784. https://doi.org/10.1371/ 

journal.pone.0051784 . 

41 Roussel L, Martel G, Bérubé J & Rousseau S, P. aeruginosa 

drives CXCL8 synthesis via redundant toll-like receptors and 

NADPH oxidase in CFTR∆F508 airway epithelial cells. J 

Cyst Fibros, 10(2011)107. https://doi.org/10.1016/ 

j.jcf.2010.11.005 . 

42 Sharma L, Wu J, Patel V, Sitapara R, Rao NV, Kennedy TP 

& Mantell LL, Partially-desulfated heparin improves survival 

in Pseudomonas pneumonia by enhancing bacterial clearance 

and ameliorating lung injury. J Immunotoxicol, 11(2014)260. 

https://doi.org/10.3109/1547691X.2013.839587 . 

43 Gao P, Guo K, Pu Q, Wang Z, Lin P, Qin S, Khan N, Hur J, 

Liang H & Wu M, oprC impairs host defense by increasing 

the quorum-sensing-mediated virulence of Pseudomonas 

aeruginosa. Front Immunol, 11(2020)1696. 

https://doi.org/10.3389/fimmu.2020.01696 . 

44 Paolillo R, Romano Carratelli C, Sorrentino S, Mazzola N, 

Mita L & Rizzo A, Expression of IL-23, VEGF and 

TLR2/TLR4 on mononuclear cells after exposure to 

Pseudomonas aeruginosa. Int J Immunopathol Pharmacol, 

24(2011)961. https://doi.org/10.1177/039463201102400414 . 

45 Beaudoin T, Lafayette S, Nguyen D & Rousseau S, Mucoid 

Pseudomonas aeruginosa caused by mucA mutations result 

in activation of TLR2 in addition to TLR5 in airway 

epithelial cells. Biochem Biophys Res Commun, 

428(2012)150. https://doi.org/10.1016/j.bbrc.2012.10.030 . 

46 Firoved AM, Ornatowski W & Deretic V, Microarray 

analysis reveals induction of lipoprotein genes in mucoid 

Pseudomonas aeruginosa: implications for inflammation in 

cystic fibrosis. Infect Immun, 72(2004)5012. 

https://doi.org/10.1128/IAI.72.9.5012-5018.2004 . 

47 Mizutani M, Bérubé J, Ahlgren HG, Bernier J, Matouk E, 

Nguyen D & Rousseau S, Corticosteroid-resistant 

inflammatory signalling in Pseudomonas-infected bronchial 

cells. ERJ Open Res, 3(2017). 

https://doi.org/10.1183/23120541.00144-2016 . 

48 Farias R & Rousseau S, The 

TAK1→IKKβ→TPL2→MKK1/MKK2 signaling cascade 

regulates IL-33 expression in cystic fibrosis airway epithelial 

cells following infection by Pseudomonas aeruginosa.  

Front Cell Dev Biol, 3(2015)87. https://doi.org/10.3389/ 

fcell.2015.00087 . 

49 Epelman S, Stack D, Bell C, Wong E, Neely GG,  

Krutzik S, Miyake K, Kubes P, Zbytnuik LD, Ma LL,  

Xie X, Woods DE & Mody CH, Different domains of 

Pseudomonas aeruginosa exoenzyme S activate distinct 

TLRs. J Immunol, 173(2004)2031. https://doi.org/10.4049/ 

jimmunol.173.3.2031 . 

50 Coorens M, Banaschewski BJH, Baer BJ, Yamashita C, van 

Dijk A, Haagsman HP, Veldhuizen RAW & Veldhuizen 

EJA, Killing of Pseudomonas aeruginosa by chicken 

cathelicidin-2 is immunogenically silent, preventing lung 

inflammation In Vivo. Infect Immun, 85(2017). 

https://doi.org/10.1128/IAI.00546-17 . 

51 Paeng SH, Park WS, Jung WK, Lee DS, Kim GY, Choi YH, 

Seo SK, Jang WH, Choi JS, Lee YM, Park S & Choi IW, 

YCG063 inhibits Pseudomonas aeruginosa LPS-induced 

inflammation in human retinal pigment epithelial cells 

through the TLR2-mediated AKT/NF-κB pathway and ROS-

independent pathways. Int J Mol Med, 36(2015)808. 

https://doi.org/10.3892/ijmm.2015.2266 . 

52 Grandjean T, Boucher A, Thepaut M, Monlezun L, Guery B, 

Faudry E, Kipnis E & Dessein R, The human NAIP-NLRC4-

inflammasome senses the Pseudomonas aeruginosa  

T3SS inner-rod protein. Int Immunol, 29(2017)377. 

https://doi.org/10.1093/intimm/dxx047 . 

53 Pène F, Grimaldi D, Zuber B, Sauneuf B, Rousseau C, El 

Hachem C, Martin C, Belaïdouni N, Balloy V, Mira JP & 

Chiche JD, Toll-like receptor 2 deficiency increases 

resistance to Pseudomonas aeruginosa pneumonia in the 

setting of sepsis-induced immune dysfunction. J Infect Dis, 

206(2012)932. https://doi.org/10.1093/infdis/jis438 . 

54 Park KS, Lee J, Jang SC, Kim SR, Jang MH, Lötvall J, Kim 

YK & Gho YS, Pulmonary inflammation induced by 

bacteria-free outer membrane vesicles from Pseudomonas 

aeruginosa. Am J Respir Cell Mol Biol, 49(2013)637. 

https://doi.org/10.1165/rcmb.2012-0370OC . 

55 Kannan S, Audet A, Knittel J, Mullegama S, Gao GF & Wu 

M, Src kinase Lyn is crucial for Pseudomonas aeruginosa 

internalisation into lung cells. Eur J Immunol, 36(2006)1739. 

https://doi.org/10.1002/eji.200635973 . 

56 Loryman C & Mansbridge J, Inhibition of  

keratinocyte migration by lipopolysaccharide. Wound  

Repair Regen, 16(2008)45. https://doi.org/10.1111/j.1524-

475X.2007.00290.x . 

57 Li X, He S, Zhou X, Ye Y, Tan S, Zhang S, Li R, Yu M, 

Jundt MC, Hidebrand A, Wang Y, Li G, Huang C & Wu M, 

Lyn delivers bacteria to lysosomes for eradication through 

TLR2-initiated autophagy related phagocytosis. PLoS 

Pathog, 12(2016)e1005363. https://doi.org/10.1371/ 

journal.ppat.1005363 . 

 

 

https://doi.org/10.1371/
https://doi.org/10.1016/
https://doi.org/10.4049/
https://doi.org/10.1371/

