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Abstract. The activation of Toll‑like receptors (TLRs) 
is involved in the innate immune response and the acute 
inflammatory response following sepsis‑induced acute lung 
injury (ALI). Increasing evidence has demonstrated that 
sepsis‑induced ALI may be closely associated with several 
abnormal TLRs, activated by components of microorganisms. 
However, the number of TLRs involved in this process and 
the extent of their involvement has not been fully elucidated. 
The current study examined the simultaneous activation of 
four TLRs closely associated with sepsis‑induced ALI. The 
results demonstrated that in contrast to the sham‑operated 
group, the mRNA and protein expression levels of TLR2/4/9 
were significantly increased in the cecal ligation and punc-
ture (CLP)‑operated group. In addition, TLR2‑/‑, TLR3‑/‑, 
TLR4‑/‑ and TLR9‑/‑ C57BL/6 mice were used to establish a 
CLP‑induced ALI animal model and measure the expression 
levels of TNF‑α and IL‑6 in plasma and lung tissue samples. 
The expression of both TNF‑α and IL‑6 were significantly 
decreased in TLR2‑/‑, TLR4‑/‑ and TLR9‑/‑ mice compared with 
WT mice. In addition, the results revealed that knockdown of 
TLR2, 4 or 9 decreased immune cell infiltration and therefore 
may attenuate lung injury. Furthermore, the overall survival 
was significantly increased in TLR2‑/‑, 4‑/‑ and 9‑/‑ CLP‑induced 
ALI mice compared with the WT CLP‑induced ALI mice. 
However, there was no statistical significance between 
TLR3‑/‑ CLP‑induced ALI and WT CLP‑induced ALI in the 
current study. Taken together, these results suggest that in the 
sepsis‑induced ALI model, several TLRs are upregulated and 
participate in the inflammatory response. Therefore, inhibi-
tion of multiple TLRs including TLR2, 9, and especially TLR4 
simultaneously, but not TLR3, may be a potential therapeutic 
target for the treatment of sepsis‑induced ALI.

Introduction

Acute lung injury (ALI) can be caused by several factors and 
imposes a burden on public health, with in‑hospital mortality 
>40% (1,2). The overproduction of inflammatory mediators 
causes endothelial and epithelial injury and induces vascular 
leakage, edema and vasodilatation, which serve a fundamental 
role in the pathogenesis of ALI (3,4). Sepsis, which is a leading 
cause of morbidity and mortality, is the systemic inflammatory 
response to microbial infection (5). The lungs are particularly 
vulnerable to the septic inflammatory response, and sepsis is 
the underlying cause of ALI in most patients (6). Therefore, 
the identification of therapeutic and preventive approaches that 
are innovative, safe and effective is crucial for the treatment of 
sepsis‑induced organ injury.

Innate immune cell activation depends primarily on 
Toll‑like receptors (TLRs), a family of pattern recognition 
receptors (PRRs) that can recognize specific pathogen‑associ-
ated molecular patterns (PAMPs), which include nucleic acids, 
proteins and lipids (7,8). TLRs are key regulators of both the 
innate and adaptive immunity and one of the most well studied 
PRRs (9). To date, >10 members of the TLR family have been 
identified in mammals, with each receptor recognizing a 
specific set of PAMPs (10). TLR2 recognizes peptidoglycan 
and lipoteichoic acid, while TLR4 recognizes lipopolysac-
charide (11). TLR3 recognizes double‑stranded RNA within 
endosomes, while TLR9 recognizes unmethylated bacterial 
CpG‑DNA (12‑14). TLR3 and 9 are intracellular receptors, 
while TLR2 and 4 are cell surface receptors (15). However, 
activation of different TLRs induces similar pro‑inflammatory 
responses with the produces cytokines, which include TNF‑α 
and IL‑6 (16). TLRs and their associated signalling pathways 
constitute an interlaced network, which makes it compli-
cated and difficult to identify novel therapeutic targets (17). 
Furthermore, inflammation is often caused by multiple 
PAMPs (18). Therefore, multiple TLRs may be activated in a 
disease, which adds complexity to potential treatment strate-
gies. It is therefore necessary to identify which TLRs are 
involved in the process of an inflammatory disease.

Sepsis is one of the leading risk factors for ALI, and 
there are many animal models of sepsis, which include the 
administration of live bacteria and bacterial products (19‑21). 
Cecal ligation and puncture (CLP) has become the most 
widely used model for sepsis, in which the cecum is ligated 
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and punctured three to five times with a needle and PAMPs 
from bacterial products can be released into the blood (22). 
CLP causes acute lung injury similar to ALI; however, the 
actual bacterial inoculum in CLP has not been identified (23). 
Blood cultures from these models are usually positive for 
specific Gram‑positive and Gram‑negative bacteria, the 
components of which can increase the production of multiple 
inflammatory cytokines by different TLRs, which include 
IL‑6 and TNF‑α (24).

Given the results of previous studies, the aim of the current 
study was to investigate the role of different TLRs during sepsis 
and sepsis‑induced ALI. A CLP‑induced ALI model in C57BL/6 
WT, TLR2‑/‑, TLR3‑/‑, TLR4‑/‑ and TLR9‑/‑ C57BL/6 mice was 
established. The current study demonstrated that multiple TLRs 
may contribute to the pathogenesis of sepsis‑induced ALI, and 
TLRs serve a specific role in this process. Therefore, novel 
therapeutic targets, which inhibit the activation of multiple 
TLRs simultaneously, require investigation.

Materials and methods

Animals. A total of 60  wild‑type (WT) and 140  TLR 
knockout (TLR‑/‑), including TLR2‑/‑, TLR3‑/‑, TLR4‑/‑ and 
TLR9‑/‑, C57BL/6 male mice (8‑10 weeks; weight, 18‑20 g) 
were obtained from the Chinese Academy of Inspection 
and Quarantine (Beijing, China). All mice were housed in 
plastic cages at 20‑25˚C, and a relative humidity of 40‑70% 
under a 12 h light/dark cycle. All mice were housed in the 
Experimental Animal Centre of the Medical Research Center 
at the Provincial Hospital Affiliated to Shandong University 
(Jinan, China) and kept under specific‑pathogen‑free condi-
tions with free access to food and water. Following subsequent 
experimental procedures, all mice were euthanized by CO2. 
All experimental procedures were performed in accordance 
with the National and Institutional Guidelines for Animal 
Care and Use and approved by the Institutional Animal Ethics 
Committee of Shandong University (Jinan, China).

CLP‑induced ALI model. C57BL/6 mice were divided into 
six groups: WT sham, WT CLP, TLR2‑/‑ CLP, TLR3‑/‑ CLP, 
TLR4‑/‑ CLP and TLR9‑/‑ CLP. CLP was used to establish 
the ALI mouse model used in the current study. For the CLP 
procedure, mice were fasted, with only free access to water 
for 12 h prior to surgery. Subsequently, mice were anesthe-
tized with 5% isoflurane (Shanghai Yuyan instruments, Co., 
Ltd., Shanghai, China) and maintained at 1.5% isoflurane in 
70% N2O and 30% O2 using a small animal anesthetic machine 
(Midmark Corporation, Kettering, OH, USA). Following 
anaesthesia, skin was disinfected and a median incision was 
made in the abdomen, allowing the cecum to be exposed and 
a 4‑0 braided silk suture was passed through the midpoint 
between the colon root and cecum terminal. A 21‑gauge 1‑inch 
needle was inserted into the cecum ligation and a small drop 
of the intestinal content was squeezed to induce infection. 
Finally, the, cecum was repositioned and the incision was 
closed. For the sham group, the abdomen was opened, cecum 
exposed and repositioned, and the incision was closed.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Animals were sacrificed and lungs were isolated at 

20 h post‑surgery. Total RNA was extracted from lung samples 
using TRIzol® reagent, according to the manufacturer's 
protocol (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA). Total RNA was reverse transcribed into cDNA 
using the High‑Capacity cDNA Reverse Transcription kit 
(Applied Biosystems; Thermo Fisher Scientific, Inc.). mRNA 
expression was evaluated by qPCR using the Maxima SYBR 
Green/ROX qPCR Master Mix 2X (Thermo Fisher Scientific, 
Inc.) and the Mastercycler® Realplex system (Eppendorf, 
Hamburg, Germany). Primer pair sequences are summarised 
in Table I. qPCR quality and genomic DNA contamination 
was examined using intron‑spanning primers, reverse tran-
scriptase‑negative samples from cDNA synthesis and melting 
curve analysis obtained from each reaction. The amplification 
conditions were as follows: 95˚C (10 sec), followed by 40 cycles 
at 55˚C (20 sec), 72˚C (25 sec). mRNA levels were quantified 
using the 2‑∆∆Cq method (25) and normalized to the internal 
reference gene β‑actin. The results are expressed relative to the 
values of the sham (CLP‑induced sepsis) group.

Western blot analysis. Total protein was extracted from lung 
tissue using a T‑PER Tissue Protein Extraction Reagent 
kit according to the manufacturer's protocol (Thermo 
Fisher Scientific, Inc). Total protein was quantified using a 
bicinchoninic acid (BCA) assay kit (Beyotime Institute of 
Biotechnology, Haimen, China). Samples were then separated 
on 12% SDS‑Polyacrylamide gel (20 µg per lane) and trans-
ferred on to PVDF membranes in an ice bath. After blocking 
the non‑specific site with blocking solution (5% non‑fat dry 
milk) at room temperature for 2 h, the membrane was incu-
bated overnight at 4˚C with the following specific primary 
antibodies: Primary antibodies against TLR2 (1:1,000; cat. 
no. ab213676; Abcam, Cambridge, MA, USA), TLR3 (1:500; 
cat. no. ab62566; Abcam), TLR4 (1:500; cat. no. ab13556; 
Abcam) and TLR9 (1:500; cat. no. ab37154; Abcam). Samples 
were then incubated with horseradish peroxidase‑labelled 
IgG secondary antibody (cat. no. A0208; 1:2,000; Beyotime 
Institute of Biotechnology) for 1 h at room temperature. 
Chemiluminescent liquid (cat. no.  WBKLS0100; EMD 

Table I. Primer pair sequences for quantitative polymerase 
chain reaction.

Gene	 Primer sequence (5'‑3')

TLR2	 F: CGATGACTACCGCTGTGACTC
	 R: CCTTCCTGGGCTTCCTCTT
TLR3	 F: GGGACTGTTGACCTGTT
	 R: GTTGGCTGTATCTCGTAA
TLR4	 F: TGCCTTCACTACAGGGACTTT
	 R: TGGGACACCACGACAATAAC
TLR9	 F: CGTGACAATTACCTGGCCTTC
	 R: CAGGGCCTTCAGCTGGTTTC
β‑actin	 F: ATGAAGATCCTGACCGAGCG
	 R: TACTTGCGCTGAGGAGGAGC

TLR, Toll‑like receptor; F, forward; R, reverse.
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Millipore) was prepared in a ratio of 1:1. Protein expression 
was quantified and scanned using the ChemiDoc XRS+ system 
(Bio‑Rad, CA, USA) with GAPDH (1:500; cat. no. ab8245; 
Abcam) as the loading control. Finally, The band density was 
quantified using Image J software (v1.8.0; National Institutes 
of Health, Bethesda, MD, USA).

ELISA. Mouse plasma and lung tissue samples were analysed 
for TNF‑α (cat. no. 88‑7324‑22) and IL‑6 (cat. no. 88‑7064‑88) 
expression using ELISA kits obtained from eBioscience 
(Thermo Fisher Scientific, Inc.), according to the manufac-
turer's protocol.

Collection of bronchoalveolar lavage fluid (BALF) samples. 
BALF samples were collected from mice following bron-
choalveolar lavage as previously described (26). Briefly, mice 
were anesthetised and lungs were exposed. The tracheas were 
cannulated and the lungs were lavaged twice with 0.8 ml 
normal saline. The BALF samples were collected and centri-
fuged at 800 x g for 10 min at 4˚C, and the supernatant was 
removed and stored at ‑80˚C until further use. The cell pellet 
was resuspended and the total number of cells was determined 
using a hemocytometer. The total number of leukocytes 
in the BALF sample was counted and classified into five 
categories including, neutrophils, basophils, eosinophils, 
macrophages and lymphocytes on a Hemavet 950 instrument 
(Drew Scientific Inc., Miami Lakes, FL, USA). Total protein 
in the BALF samples was quantified using a BCA assay kit 
(Beyotime Institute of Biotechnology).

Haematoxylin and eosin (H&E) staining. Lung tissue 
samples from CLP‑induced ALI mice at 20 h were fixed in 

10% formalin for ≥24 h at 22˚C and embedded in paraffin. 
Paraffin‑embedded tissue samples were cut into 5‑µm‑thick 
sections. Tissue sections were subsequently deparaffinized and 
stained with haematoxylin erythrosine saffron and morpho-
logical changes were observed under the light microscope 
(magnification, x200). Lung injury was scored by two inde-
pendent pathologists according to the following four items: 
Alveolar congestion, hemorrhage, infiltration or aggregation 
of neutrophils in airspaces or vessel walls, and thickness of 
alveolar wall or hyaline membrane formation. Each item 
was graded according to a four‑point scale: 0  =  minimal 
damage/appears normal; 1  =  mild damage; 2  =  moderate 
damage; 3 = severe damage; and 4 = maximal damage. The 
total lung injury score was calculated by adding up the indi-
vidual scores for each category, ranging from 0 to 16 (most 
severe).

Mortality. For survival studies, each mouse was monitored 
daily for 7 days following CLP or sham surgery. Observations 
for survival were performed every 24 h for 7 days.

Statistical analysis. Data are expressed as the mean ± standard 
error of the mean. All statistical analyses were performed 
using SPSS software (version 17.0; SPSS, Inc., Chicago, IL, 
USA). The independent‑sample t‑test was used to analyse the 
statistical difference between two groups. One‑way analysis 
of variance followed by Fisher's least significant difference 
post hoc test was used to analyse differences among multiple 
groups. Overall survival was analysed using the Kaplan‑Meier 
method and the log‑rank method was used to compare 1‑week 
survival distribution between groups. P<0.05 was considered 
to indicate a statistically significant difference.

Figure 1. TLR2, 4 and 9 mRNA and protein expression levels increase in mouse lung tissue following CLP‑induced ALI. WT C57BL/6 male mice were 
divided into two groups: CLP‑ and sham‑operated groups, and lungs were isolated at 20 h post‑surgery. The relative (A) mRNA and (B) protein expres-
sion levels of TLR2, 4 and 9 were determined by RT‑qPCR and western blot analysis, respectively. Data are presented as the mean ± standard error of the 
mean (n=5). **P<0.01 vs. sham group. TLR, Τoll‑like receptor; CLP, cecal ligation and puncture; ALI, acute lung injury; WT, wild‑type; RT‑qPCR, reverse 
transcription‑quantitative polymerase chain reaction.
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Results

TLR2, 4 and 9 mRNA and protein expression levels increased 
in lung tissue following CLP‑induced ALI. CLP is the most 
widely used model of sepsis, whereby multiple PAMPs from 
bacterial products are released into the blood (27). CLP‑induced 
ALI mode can be used to identify upregulated TLRs, which 
are regulated by PAMPs. To detect the expression of TLR2, 
3, 4 and 9 in CLP‑induced ALI, total RNA and protein were 
isolated from the lung tissue of WT and CLP‑induced ALI 
mice. The mRNA expression levels of TLR2, 4 and 9 were 
significantly increased in the CLP‑operated group compared 
with the sham‑operated group (Fig. 1A). Similarly, increased 
in the CLP‑operated group the protein expression levels of 
TLR2, 4 and 9 were increased compared with the sham‑oper-
ated group (Fig.  1B). However, there were no significant 
changes in the mRNA and protein expression level of TLR3 
in the CLP‑operated group compared with the sham‑operated 
group (Fig. 1A and B). These results suggest that PAMPs in 
CLP‑induced ALI may induce TLR2, 4 and 9 mRNA and 
protein expression.

TLR2, 9 and 4 increased cytokine production in CLP‑induced 
ALI. To investigate the role of TLRs in the inflammatory 
response in CLP‑induced ALI, the inflammatory response in 
TLR‑deficient and WT mice was examined. Mouse plasma 
and lung tissue samples were analysed for TNF‑α and IL‑6 
expression. The expression levels of TNF‑α and IL‑6 in 
the plasma of CLP‑induced ALI WT mice were signifi-
cantly increased compared with the sham‑operated mice 

(Fig. 2A and B). In addition, the expression levels of TNF‑α 
and IL‑6 in the plasma of CLP‑induced ALI TLR‑deficient 
mice were markedly increased compared with the sham‑oper-
ated mice (Fig. 2A and B). However, the expression levels of 
TNF‑α and IL‑6 in the plasma of CLP‑induced ALI in TLR2‑, 
4‑ and 9‑deficient mice were significantly decreased compared 
with CLP‑induced ALI WT mice. Furthermore, there was 
no difference in the expression levels of TNF‑α and IL‑6 
in the plasma of CLP‑induced ALI in TLR3‑deficient mice 
compared with CLP‑induced ALI WT mice. Similarly, the 
trend in the expression levels of TNF‑α and IL‑6 in plasma 
was also observed in lung tissue samples (Fig. 2B). These 
results suggest that some TLRs including TLR2, 4 and 9 may 
increase CLP‑induced cytokine production and aggravate 
ALI, however TLR3 may not.

Knockdown of TLR2, 4 or 9 may attenuate lung injury. The 
main features associated with CLP‑induced lung injury are 
hypoxemia, immune cell infiltration, as well as interstitial 
and alveolar edema. In the CLP‑induced ALI groups, the total 
BALF cell count, including, neutrophils and macrophages as 
well as protein concentration were increased compared with 
the sham group (Fig. 3A‑D). However, compared with the 
CLP‑induced ALI WT mice, the total BALF cell count, as well 
as BALF neutrophil and macrophage counts were significantly 
decreased in the CLP‑induced ALI TLR2‑, 4‑ and 9‑deficient 
mice (Fig. 3A‑C). In addition, the BALF protein concentration 
was significantly decreased in the CLP‑induced ALI TLR2‑, 
4‑ and 9‑deficient mice compared with the CLP‑induced ALI 
WT mice (Fig. 3D).

Figure 2. TNF‑α and IL‑6 expression decreases in CLP‑induced ALI in TLR‑deficient mice. WT and TLR‑deficient C57BL/6 mice received CLP surgery. 
TNF‑α and IL‑6 expression in (A) plasma and (B) lung tissue were examined by ELISA 20‑h post‑surgery. Data are presented as the mean ± standard error 
of the mean (n=5). #P<0.05 vs. the WT sham group; **P<0.01 vs. WT CLP group. TNF‑α, tumor necrosis factor‑α; IL‑6, interleukin‑6; CLP, cecal ligation and 
puncture; ALI, acute lung injury; TLR, Τoll‑like receptor; WT, wild‑type.
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H&E stained lung sections demonstrated that there were 
a large number of infiltrating inflammatory cells in the 
CLP‑induced ALI WT group compared with the sham group 
(Fig. 3E). In addition, the lung injury score was significantly 
increased in the CLP‑induced ALI WT group compared with 
the sham group (Fig. 3F). However, the number of infiltrating 
inflammatory cells decreased in the CLP‑induced ALI TLR2‑, 
4‑ and 9‑deficient mice, with a significantly decreased lung 

injury score compared with the CLP‑induced ALI WT group 
(Fig. 3E and F). By contrast, the pathological injury in the 
CLP‑induced ALI TLR3‑deficient mice was not improved, 
and there was no statistical difference in the lung injury score 
compared with the CLP‑induced ALI group (Fig. 3E and F). 
Taken together, these results suggest that knockdown of 
TLR2 and 9, and especially TLR4, may attenuate lung injury 
in CLP‑induced ALI.

Figure 3. Immune cell infiltration and lung injury in CLP‑induced ALI in WT and TLR‑/‑ mice. BALF samples were collected from WT and TLR‑/‑ mice 
20‑h post‑surgery and the (A) total, (B) PMN and (C) macrophage count was examined in each group. (D) BALF protein concentration was examined. 
(E) Morphological changes were observed following H&E staining in lung tissue sections (magnification, x200). Scale bar, 200 µm. Data from at least three 
independent experiments. (F) CLP‑induced lung injury scores were examined. Data are presented as the mean ± standard error of the mean (n=5). #P<0.05 vs. 
the WT sham group; **P<0.01 vs. WT CLP group. CLP, cecal ligation and puncture; ALI, acute lung injury; WT, wild‑type; TLR, Toll‑like receptor; PMN, 
polymorphonuclear cells; BALF, bronchoalveolar lavage fluid; H&E, hematoxylin and eosin.
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TLR2, 4  and  9 expression increased the mortality of 
CLP‑induced ALI mice. To investigate the effect of TLRs on 
the mortality in CLP‑induced ALI, overall survival was exam-
ined in TLR‑deficient and WT mice. Overall survival was 
significantly decreased in the CLP‑induced ALI WT group 
compared with the sham‑operated group; however, the overall 
survival was significantly increased in the CLP‑induced 
ALI TLR2‑, 4‑  and  9‑deficient mice compared with the 
CLP‑induced ALI WT mice (Fig. 4). There was no statisti-
cally significant difference between the CLP‑induced ALI 
TLR3‑deficient mice and the CLP‑induced ALI WT mice. 
These results suggest that TLR2, 4 and 9 increased mortality 
in the CLP‑induced ALI mice.

Discussion

Although activation of TLRs is essential to the innate immune 
system and serve a role in the host defensive mechanism against 
invading microorganisms, overactivation of TLRs is involved 
in the pathogenesis of several inflammatory diseases (28). 
Acute respiratory distress syndrome (ARDS) is the most 
severe form of ALI, which is caused by a severe systemic 
inflammatory response due to several risk factors including 
sepsis, major surgery and trauma (29). Severe infection and 
major trauma induces the systemic release of inflammatory 
mediators and subsequent indirect lung injury (30).

The innate immune response provides protection against 
invading pathogens and relies on PRRs to recognize conserved 
microbial motifs or PAMPs (31). TLRs were one of the first 
major families of PRRs discovered in mammals, and are 
expressed on immune cells, including DCs, macrophages and 
B cells, as well as specific non‑immune cells, which include 
endothelial and epithelial cells (32). In addition, TLRs 1‑10 
are mainly expressed in lung tissue (33) and individual TLRs 
can be differentially regulated in specific lung cell populations 
in response to microbial stimulation (34). The activation of 
specific TLRs can lead to the expression of several proin-
flammatory cytokines, including TNF‑α, IL‑6, IL‑12 and 
IFNs (35).

Although a previous study has investigated the relation-
ship between TLRs and sepsis or ALI, the current study 
is the first to examine multiple TLRs simultaneously and 

compare their underlying role in sepsis‑induced ALI (36). 
The current study established a CLP‑induced ALI mouse 
model to examine the effect of four TLRs, which included 
TLR2, 3, 4 and 9, on sepsis‑induced ALI. The CLP sepsis 
model is currently regarded as the gold standard for 
sepsis‑related studies because of its high stability, good 
repeatability and wide applicability (37). The current study 
used the CLP‑induced ALI mouse model to examine cellular 
changes in TLR2, 3, 4 and 9 mRNA and protein expression 
in the process of pulmonary acute inflammatory response. 
The results of the current study demonstrated that the mRNA 
and protein expression levels of TLR2, 4 and 9 were signifi-
cantly increased in the CLP‑operated group compared with 
the sham‑operated group, and activation of these TLRs also 
increased cytokine production and mortality in CLP‑induced 
ALI mice. However, the mRNA and expression protein levels 
of TLR3 were not significantly affected. Taken together, these 
results suggest that TLRs 2, 4 and 9 may be involved in the 
pathogenesis of ALI. In addition, knockdown of TLR2 and 9, 
and especially TLR4, may attenuate lung injury. In the current 
study, TLR2‑/‑, 3‑/‑, 4‑/‑ and 9‑/‑ mice were used to demonstrate 
that knockdown of TLR2, 4 and 9 significantly increased the 
expression levels of TNF‑α and IL‑6, while knockdown of 
TLR3 significantly decreased the expression levels of TNF‑α 
and IL‑6. In addition, the number of infiltrating inflamma-
tory cells decreased in TLR2‑/‑, 4‑/‑  and  9‑/‑ CLP‑induced 
ALI mice, with a significantly decreased lung injury score 
compared with the CLP‑induced ALI WT mice. Furthermore, 
the overall survival was significantly increased in TLR2‑/‑, 
4‑/‑ and 9‑/‑ CLP‑induced ALI mice compared with the WT 
CLP‑induced ALI mice.

ALI is a major cause of morbidity and mortality in inten-
sive care units, despite improvements in supportive care (6,38). 
Inhibition of the TLR signalling pathways is likely to be an 
effective therapeutic target for ALI/ARDS. There are several 
TLR antagonists, most of which can only inhibit the activation 
of a single TLR. In addition, current treatment strategies have 
a limited effect on improving overall survival in patients with 
ALI/ARDS (39‑41). Therefore, novel therapeutic targets, which 
inhibit the activation of multiple TLRs simultaneously, need 
to be investigated. The current study is the first to examine 
multiple TLRs simultaneously and compare their underlying 
role in sepsis‑induced ALI, which may be used to improve the 
screening of potential therapeutic targets.

In conclusion, the current study demonstrated that the 
mRNA and protein expression levels of TLR2, 4 and 9 were 
significantly increased in lung tissue samples of CLP‑induced 
ALI mice. Fur thermore, multiple TLRs, including 
TLR2 and 9, and especially TLR4, significantly increased 
CLP‑induced cytokine production and aggravated ALI. 
The current study demonstrated that knockdown of TLR2, 
4 or 9 may attenuate lung injury and overall survival was 
significantly increased in TLR2‑/‑, 4‑/‑ and 9‑/‑ CLP‑induced 
ALI mice compared with the WT CLP‑induced ALI mice. 
Taken together, these results suggest that multiple TLRs 
may contribute to the pathogenesis of sepsis‑induced ALI. 
Therefore, inhibition of multiple TLRs including TLR2, 
9, and especially TLR4 simultaneously, but not TLR3, 
may be a potential therapeutic target for the treatment of 
sepsis‑induced ALI/ARDS.

Figure 4. Overall survival of CLP‑induced ALI in WT and TLR‑/‑ mice. 
Kaplan‑Meier survival curves following CLP‑induced ALI in WT and TLR‑/‑ 
mice (n=15). The log‑rank method was used to compare 1‑week survival 
distributions among the different groups. **P<0.01 vs. WT CLP group. WT, 
wild‑type; CLP, cecal ligation and puncture; TLR, Toll‑like receptor.
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