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Abstract. Activation of Toll‑like receptor 4 (TLR4) and its 
accessory proteins myeloid differentiation protein 2 (MD‑2) 
can trigger immune and inflammatory activities, and contribute 
to developing chronic inflammatory diseases. The formation 
of the TLR4/MD‑2 complex after binding to lipopolysac-
charide (LPS) leads to the activation of downstream signaling 
pathway. The present study was designed to reveal the effect 
of the soluble form of the extracellular TLR4 domain and 
MD‑2 (sTLR4/sMD‑2) complex lacking the intracellular and 
transmembrane domains on various aspects of LPS‑induced 
inflammation in vivo and in vitro. It was demonstrated that the 
sTLR4/sMD‑2 complex inhibited the LPS‑induced production 
of tumor necrosis factor‑α, interleukin‑8 and C‑X‑C motif 
chemokine ligand 1 (CXCL1) in THP‑1 cells. In addition, it was 
revealed that the sTLR4/sMD‑2 complex significantly reduced 
LPS‑induced acute lung injury (ALI) with a reduction of total 
cells and neutrophil count, pro‑inflammatory cytokines and 
chemokine CXCL1 in bronchoalveolar lavage fluid. Moreover, 
the sTLR4/sMD‑2 complex inhibited the number of inflamma-
tory cells in the lung of treated animals. These novel mechanisms 
emphasized the important role of sTLR4/sMD‑2 complex in 
ALI and suggested sTLR4/sMD‑2 complex could provide an 
anti‑inflammatory strategy for treating inflammatory diseases.

Introduction

Lipopolysaccharide (LPS), a major component of the outer 
membrane of Gram‑negative bacteria, is involved in various 

disorders including acute lung injury (ALI) that leads to the 
accumulation of inflammation by inducing various inflam-
matory cells activation  (1). Toll‑like receptor 4 (TLR4) is 
a member of the Toll‑like receptor family, which mediates 
regulation of endotoxin induced pro‑inflammatory cellular 
responses (2‑4).

TLR4 contains an intracellular domain that is involved in 
the activation of the cellular signaling pathways, a transmem-
brane region and a leucine‑rich extracellular domain (5,6). Upon 
LPS binding, with the help of myeloid differentiation protein 2 
(MD‑2), a multimer complex composed of TLR4/MD‑2‑LPS 
is formed (7,8), which initiates signaling cascades and results 
in the activation of pro‑inflammatory factors such as NF‑κB 
and the IFN regulatory factors.

A critical step in the response to infection is to activate 
the innate immune response. LPS plays an importance role 
in sepsis and septic shock pathogenesis, because more than 
half of the patients have intermediate or higher levels of 
endotoxin in a novel endotoxin activity assay (EAA) on the 
day of ICU admission (9‑11). Excessive activation of innate 
immune responses leads to the pathogenesis of many inflam-
matory diseases (12), so it is critical for innate immunity to 
be strictly controlled and activated when necessary. Inhibition 
of TLR4 signaling has become a hot topic in numerous 
researches. Eritoran is a competitive inhibitor of LPS and 
has been expected as a protective agent for endotoxin shock. 
Another method of down‑regulating TLR4 signaling is to 
produce an inhibitory isoform by alternatively splicing specific 
genes encoding essential signaling components such as 
IL‑1R‑associated kinase 2, TLR3, MD‑2 and MyD88 (13‑17). 
For instance, Gray P found the the interaction of MD‑2 with 
TLR4 could be competitively inhibited in vitro by a novel 
isoform of human MD‑2 (18). Kondo Y identified that Gb4 is 
an endogenous ligand for TLR4/MD‑2, which competes with 
LPS for binding to TLR4/MD‑2, suggesting that Gb4 can be 
a promising drug for the treatment of LPS‑induced endotoxin 
shock induced by Gram‑negative bacteria (19). Mitsuzawa H 
testified soluble forms of extracellular TLR4 domain (sTLR4) 
and MD‑2 (sMD‑2) inhibited LPS binding on cell surface and 
attenuated LPS‑induced lung injury in mice (20).

In the present study, we sought to make further efforts to 
define the anti‑inflammatory effects of sTLR4/sMD‑2 complex 
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in the LPS‑induced inflammation in vitro and in vivo. Our 
results demonstrated that sTLR4/sMD‑2 complex suppressed 
the expression of inflammatory cytokines and chemokine 
CXCL1 in LPS‑stimulated macrophages and reduced pulmo-
nary inflammation caused by LPS in mice. Taken together, 
these results demonstrated that sTLR4/sMD‑2 complex allevi-
ates ALI through inhibition of pro‑inflammatory cytokines 
and chemokine CXCL1 expression and this mechanism indi-
cated sTLR4/sMD‑2 complex serves as an anti‑inflammatory 
agent for treating inflammatory disease.

Materials and methods

Protein expression and purification. The entire prepara-
tion process of extracellular TLR4 domain and MD‑2, 
including construction of expression vectors of sTLR4 and 
MD‑2, removal of endotoxin, preparation and purification of 
sTLR4/sMD2 complex according to the molar ratio of 1:1, was 
carried out as described previously [21]. The molar ratio of the 
sTLR4/sMD‑2 complex (1:1) in treated mice was the same as 
that in treated cells.

THP‑1 cell culture and treatment. Macrophage‑like cell 
line THP‑1 was obtained from China Cell Line Bank 
(Shanghai, China). The cells were cultured in six‑well plates 
(BD Biosciences, Franklin Lakes, NJ, USA) at a density of 
5x106 cells/ml. To induce THP‑1 cells to the mature macro-
phages‑like state, cells were cultured in RPMI 1640 containing 
10% FBS with 100 ng/ml PMA for 24 h and further incu-
bated in the culture medium without PMA for another 24 h. 
Then, cells were incubated with medium alone (Con), LPS 
(1.0 µg/ml), LPS + sTLR4 (LPS 1.0 µg/ml +sTLR4 5.0 µg/ml), 
LPS + sMD‑2 (LPS 1.0 µg/ml + sMD‑2 1.25 µg/ml), LPS + 
sTLR4/sMD‑2 (LPS 1.0 µg/ml +sTLR4/sMD‑2 6.25 µg/ml). 
After 24 h, cell supernatant was collected and total RNA was 
extracted.

Reverse transcription semi-quantitative polymerase chain 
reaction (PCR). Total RNAs were extracted from cells using 
RNAiso Plus reagent according to the manufacturer's instruc-
tions. Primers used in our study were listed in Table I. The 
25 µl PCR reactions included Premix TaqTM (Ex Taq v.2.0 plus 
dye; Takara Biotechnology Co., Ltd., Dalian, China), 20 µM 
primers, cDNA and dd H2O. The PCR reaction was carried 
out by the manufacturer's instructions. The electrophoresis 
image of PCR products were analyzed by the AlphaImager 
gel analysis system (ProteinSimple, San Jose, CA, USA). Each 
analysis was repeated three times. The semiquantitative value 
was expressed as the ration of the integrated optical density, as 
previously reported (21).

Murine model of LPS‑induced ALI. Health male BALB/c 
mice with the body weight of 22‑28 g were obtained from the 
Experimental Animal Center of Guangxi Medical University. 
All of the animals were kept in sterile conditions. Mice were 
randomly divided into five groups (n=5/group), i.e. phosphate 
buffered saline‑treated group (PBS), LPS‑treated group (LPS), 
sTLR4+LPS‑treated group (LPS+sTLR4), sMD‑2+LPS‑treated 
group (LPS+sMD‑2) and sTLR4/sMD‑2+LPS‑treated group 
(LPS+sTLR4/sMD‑2). Before surgery, all animals were 

anaesthetized by i.p. with 60 mg/kg sodium pentobarbital 
(Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany). After 
successful endotracheal intubation, LPS (400 µg/kg in 50 µl 
of PBS) was instilled intratracheally with sTLR4 (650 µg/kg), 
sMD‑2 (175 µg/kg) or sTLR4/sMD‑2 (825 µg/kg). Control 
mice received intratracheal instillation of sterile PBS 
alone. The severity of lung injury was evaluated by the wet 
lung‑to‑body weight ratio, histopathology changes of the lung 
tissues and cellular profiles in the bronchoalveolar lavage fluid 
(BALF) after LPS administration for 16 h. Experimental mice 
were used strictly in accordance with the national animal 
experimental requirements, and the study was approved by the 
Ethical Committee for Animal Experiments from the Fourth 
Affiliated Hospital of Guangxi Medical University (Liuzhou, 
China).

BALF collection. After LPS infection for 16 h, mice were 
euthanized by anesthetic overdose with sodium pentobarbital 
(120 mg/kg, i.p.). BALF was collected by washing the lungs 
four times with 0.5 ml of ice‑cold saline. Then the cells were 
centrifuged at 400 g for 10 min at 4˚C. The supernatant was 
frozen at ‑80˚C for further analysis. Subsequently, the sedimen-
tary cells were resuspended in PBS and the total counts of cells 
were counted using a hemocytometer, and the May‑Giemsa 
staining (Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) method was used for manual classification count. We 
only counted the number of inflammatory cells, including 
neutrophils, monocytes, macrophages and lymphocytes for the 
total cells in BALF. A professional technician performed cell 
staining and counting manually. At least 300 cells/slides were 
counted no less than twice and the mean was calculated in 
each experiment.

Pulmonary index. The lung tissue samples were excised and 
extraneous tissues were cleared away. Then the lung tissue 
were weighed and the wet lung‑to‑body weight ratio was 
calculated to assess the severity of lung inflammation.

Enzyme‑linked immunosorbent assay (ELISA). To detect the 
TNF‑α, IL‑8 and IL‑6 protein levels, the cell supernatant 
and/or BALF of mice were determined by ELISA kits from 
RayBiotech, Inc., (Norcross, GA, USA). Quantitation of 
secreted CXCL1 protein levels was analyzed by ELISA kits 
(R&D Systems, Inc., Minneapolis, MN, USA).

Histopathology. The right inferior lung lobe were fully fixed 
in 10% neutral buffered formalin for one week, followed by 
paraffin‑embedding in line with the standard procedures. All 
paraffin‑embedded tissues were sectioned to 4 µm thick, and 
stained with hematoxylin and eosin for examination under 
Nikon Eclipse E800 microscope (x200). The lung injury score 
was evaluated by one pathologist in a blinded fashion as previ-
ously described (22). The extent of the pathological lesions was 
scaled from 0 to 3 according to the criteria shown in Table II.

Immunohistochemical staining. All paraffin‑embedded 
tissues were cut in 4 µm thick for immunohistochemical anal-
ysis. 0.3% hydrogen peroxide in methanol was used to block 
endogenous peroxidase activity. Then sections were treated 
with 0.1 M citrate buffer (pH 6.0) as an antigen retrieval 
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system. Anti‑MPO antibody was used for immunostaining 
(Santa Cruz Biotechnology, Inc., Dallas, TX, USA). The 
avidin biotin peroxidase complex method was used to perform 
immunostaining and the immunohistochemical analyses were 
performed with the chromogen diaminobenzidine.

Statistical analysis. Data were presented as mean ± SD. The 
results were statistically evaluated by one‑way analysis of vari-
ance followed by the LSD post hoc test. All data were analyzed 
using with SPSS (v.17.0) software. P<0.05 was considered to 
indicate a statistically significant difference.

Results

sTLR4/sMD‑2 complex competes with cell surface TLR4/MD‑2 
complex in binding LPS. Our laboratory has successfully 
constructed extracellular TLR4 domain and sMD‑2 [21] and 
we have reported the binding assay of LPS to THP‑1 cells 
in previous paper by Zou et al (21). The fluorescence inten-
sity was significantly decreased in sTLR4/sMD‑2 complex 
treated group instead of sTLR4 or MD‑2 alone. These results 
suggested that recombinant sTLR4/sMD‑2 complex competes 
with TLR4/MD‑2 complex on cell surface in binding LPS.

sTLR4/sMD‑2 complex inhibies the expression of 
pro‑inflammatory cytokines and chemokines induced by LPS 
in THP‑1 cells. Cytokine microarray analysis of the changes in 
transcription levels caused by LPS‑treated THP‑1 cells showed 
an up‑regulation of TNF‑α, IL‑8, MIP‑1α and MIP‑1β (23). We 
examined the expression of TNF‑α, IL‑8 and CXCL1 in LPS 
stimulated THP‑1 cells after being treated with sTLR4, sMD‑2 
and sTLR4/sMD‑2 complex. After 24 h, there was a significant 
increase of TNF‑α, IL‑8 and CXCL1 on mRNA and protein 
levels in LPS treated group, whereas the mRNA and protein 
levels of TNF‑α, IL‑8 and CXCL1 were significantly inhibited 
in sTLR4/sMD‑2 complex treated group (Fig. 1). However, 
administration of sTLR4 or sMD‑2 alone caused inconsistent 

mRNA expression of TNF‑α, IL‑8, and CXCL1 (Fig. 1A‑C). 
Furthermore, administration of sTLR4 or sMD‑2 alone gave 
a trend for decreasing the expression of TNF‑α, IL‑8 and 
CXCL1 protein induced by LPS (Fig. 1D‑F). Of note, the 
anti‑inflammatory effect of sTLR4/sMD‑2 complex treatment 
group was better than that of sTLR4 or sMD‑2 alone group. 
Together, these findings suggested that sTLR4/sMD‑2 complex 
could suppress LPS‑induced pro‑inflammatory mediators and 
chemokines production in THP‑1 cells.

sTLR4/sMD‑2 complex attenuates the LPS‑induced ALI. To 
evaluate the potential role of sTLR4/sMD‑2 complex in the 
pathological changes of lung in LPS‑treated ALI mice, lung 
histological changes were evaluated after administration of 
LPS with sTLR4, sMD‑2 or sTLR4/sMD‑2 complex. The 
results showed marked inflammatory infiltrate, thick alveolar 
septum and severe interstitial edema in LPS‑induced ALI 
mice. When sTLR4 or sMD‑2 was separately treated, no 
significant decrease in LPS‑induced pulmonary inflammation 
was observed. In contrast, administration of sTLR4/sMD‑2 
complex effectively reduced the airway inflammation 
(Fig. 2A). Furthermore, the semiquantitative histopathology 
score system was used to evaluate the severity of lung injury 
as shown in Table II (22). We found that administration of 
sTLR4/sMD‑2 complex could significantly reduce lung injury 
score (Fig. 2B). The pulmonary index was also significantly 
decreased in sTLR4/sMD‑2 complex treated mice. In contrast, 
lung injury score and pulmonary index ratio in the sTLR4 or 
sMD‑2 groups did not decrease significantly compared to that 
in the LPS group (Fig. 2B and C).

Then we evaluated the potential role of sTLR4/sMD‑2 
complex in the changes of total cells and neutrophil count in 
BALF of LPS‑treated mice. LPS administration resulted in 
dramatically increased total inflammatory cell count (P<0.05), 
most of which were neutrophils (Fig. 2D). Notably, we found 
that sTLR4/sMD‑2 complex could significantly decrease the 
total inflammatory cell and neutrophil count in BALF, whereas 
sTLR4 or sMD‑2 alone did not have the same effect (Fig. 2D).

sTLR4/sMD‑2 complex decreases cytokines concentrations 
in BALF and MPO‑positive cells in lung tissues. The proin-
flammatory cytokines TNF‑α, IL‑6 and chemokine CXCL1 
in BALF were quantified using method of ELISA. We found 
that the increased expression of TNF‑α, IL‑6 and CXCL1 in 
BALF cells were significantly suppressed by sTLR4/sMD‑2 
complex treatment (Fig. 3A). Administration of sTLR4 or 
sMD‑2 alone decreased the expression of CXCL1 in BALF 
cells, but the effects were worse than that of sTLR4/sMD‑2 
complex. However, administration of sMD‑2 alone signifi-
cantly increased the expression of TNF‑α in BALF cells, 
which was not consistent with results in THP‑1 cells. We 
believed that sMD‑2 can combine with LPS directly and 
induce homodimerization of the TLR4/MD‑2 complex to 
trigger a proinflammatory signaling cascade when treated 
with a high concentration (400 µg/kg in 50 µl of PBS) of LPS 
in vivo. And TNF‑α is an early inflammatory factor, so the 
expression of TNF‑α increases first. However, when we used 
a low concentration (1 µg/ml) of LPS in vitro, no extra LPS 
was combined with sMD‑2, so the addition of sMD‑2 have 
no effects. Immunohistochemical staining also revealed a 

Table I. Primer sequences used for RT‑sqPCR.

Gene	 Primers sequence

GAPDH	
  Forward	 5'‑TGATGACATCAAGAAGGTGGTGAAG‑3'
  Reverse	 5'‑TCCTTGGAGGCCATGTAGGCCAT‑3'
IL‑8	
  Forward	 5'‑GACATACTCCAAACCTTTCCACC‑3'
  Reverse	 5'‑CAACCCTACAACAGACCCACAC‑3'
TNF‑α	
  Forward	 5'‑GCCCCAATCCCTTATTTACCC‑3'
  Reverse	 5'‑GGCGATTACAGACACAACTCCC‑3'
CXCL1	
  Forward	 5'‑ACGCATTTACTGTCACGGTTC‑3'
  Reverse	 5'‑GTTGTATGGGGCATTGACTTTC‑3'

RT‑sqPCR, reverse transcription semi-quantitative polymerase 
chain reaction; IL‑8, interleukin‑8; TNF‑α, tumor necrosis factor‑ α; 
CXCL1, C‑X‑C motif chemokine ligand 1.
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large amount of inflammatory cells infiltrated in lung tissue. 
The production of MPO, which is an indicator of neutrophil 
infiltration, was also detected in lung tissue. As shown in 
Fig. 3B and C, the number of MPO‑positive expression in 
the LPS group was greater than that in PBS group (P<0.01). 
We found a significant reduction of MPO‑positive cells in the 
sMD‑2 group compared with the LPS group (P<0.05), whereas 
sTLR4/sMD‑2 complex markedly decreased MPO‑positive 
cells (P<0.01). In summary, sTLR4/sMD‑2 complex could 
effectively protect against ALI induced by LPS.

Discussion

ALI is associated with an acute inflammatory process and is 
characterized by increased vascular permeability, fibrin depo-
sition, and a large quantity of edema fluid accumulations in 
alveoli (24). LPS inhalation resulted in significant lung injury. 
To bind to LPS, the extracellular domain of TLR4 interacts 
with secreted protein MD‑2 (25,26). MD‑2 combines with 
LPS directly at its hydrophobic cavity and this recognition of 
LPS induces homodimerization of the TLR4/MD‑2 complex, 

Table II. Extent of the pathological lesions grade.

				    Intra‑alveolar
Score	 Alveolar septae	 Alveolar hemorrhage	 Intra‑alveolar fibrin	 infiltrations per field

0	 All are thin and delicate	 No hemorrhage	 No intra‑alveolar fibrin	 <5 intra‑alveolar cells
1	 Congested alveolar septae in	 Erythrocyte per alveolus in 1 to	 Fibrin strands in less than	 5‑10 intra‑alveolar cells
	 less than 1/3 of the field	 5 alveoli	 1/3 of the field
2	 Congested alveolar septae in	 At least 5 erythrocyte per	 Fibrin strands in 1/3 to 2/3	 10‑20 intra‑alveolar cells
	 1/3 to 2/3 of the field	 alveolus in 5 to 10 alveoli	 of the field
3	 Congested alveolar septae in	 At least 5 erythrocytes per	 Fibrin strands in greater	 >20 intra‑alveolar cells
	 greater than 2/3 of the field	 alveolus in more than 10 alveoli	 than 2/3 of the field

Figure 1. sTLR4/sMD‑2 complex inhibits the expression of pro‑inflammatory cytokines and chemokines induced by LPS in THP‑1 cells. THP‑1 cells 
(5x106 cells/ml) were incubated with medium alone (Con), LPS (1.0 µg/ml), LPS + sTLR4 (LPS 1.0 µg/ml + sTLR4 5.0 µg/ml), LPS + sMD‑2 (LPS 
1.0 µg/ml + sMD‑2 1.25 µg/ml), LPS + sTLR4/sMD‑2 (LPS 1.0 µg/ml + sTLR4/sMD‑2 6.25 µg/ml) for 24 h. Total RNA was extracted, and TNF‑α, IL‑8 and 
CXCL1 expression were determined by reverse transcription semi-quantitative polymerase chain reaction. Expression was normalized to GAPDH. (A) The 
mRNA expression of TNF‑α. (B) The mRNA expression of IL‑8. (C) The mRNA expression of CXCL1. Culture media were collected, (D) TNF‑α, (E) IL‑8 
and (F) CXCL1 protein expression were measured by ELISA. Values are mean ± SD (n=3). ##P<0.01 vs. the Con group; *P<0.05 and **P<0.01 vs. the LPS group.
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which forms 1:1 of the LPS‑TLR4/MD‑2 complex (27). The 
formation of the LPS‑TLR4/MD‑2 complexes can recruit 
intracellular adaptor protein MyD88 to activate downstream 
signaling pathways, such as MAPKs and NF‑κB  (28). 
Macrophages can release a large number of inflammatory 
mediators after LPS stimulation (29). Therefore, the inflam-
matory model of the macrophage induced by LPS can be 
used to evaluate the anti‑inflammatory effects of various 
reagents. The effects of sTLR4/sMD‑2 complex have not been 
elucidated on THP‑1 cells. So we tried to explore the under-
lying mechanism of the therapeutic effects of sTLR4/sMD‑2 
complex in ALI.

The main characteristics of acute pulmonary inflam-
mation are protein leakage, production of inflammatory 
mediators and neutrophil influx (30). Inflammatory media-
tors TNF‑α and IL‑6 were reported to play a vital role in 
LPS‑induced ALI  (31). In this study, we investigated the 
effects of sTLR4/sMD‑2 complex on the inflammatory factors 
of LPS‑stimulated THP‑1 cells. We found that administration 
of sTLR4/sMD‑2 complex significantly inhibited the mRNA 
and protein level of TNF‑α, IL‑8 and CXCL1 induced by LPS. 
These results indicated that sTLR4/sMD‑2 complex may be 
useful for treating inflammation diseases with an overproduc-
tion of pro‑inflammatory cytokines.

Studies have demonstrated that tissue macrophages 
synthesize neutrophil chemoattractants CXCL1/CXCL2 in 
response to LPS, which contributes to recruiting neutrophils 

into tissues (32). When ALI occurs, the tissue macrophages 
in the lungs produce CXCL1 to recruit neutrophil cells in 
the infection site for killing pathogens. In this study, we 
found that treatment with sTLR4/sMD‑2 complex markedly 
attenuated LPS‑stimulated CXCL1 expression in THP‑1 cells 
and BALF. So it is important to inhibit CXCL1 production 
by sTLR4/sMD‑2 complex for treatment of ALI. The levels 
of MPO, a granule‑derived mediator, is increased in BALF 
samples obtained from mice with ALI (33). Furthermore, 
our results showed that sTLR4/sMD‑2 complex significantly 
decreased LPS‑induced MPO production. To analyze the 
severity of lung edema, the lung W/D ratio was measured. 
We found that sTLR4/sMD‑2 complex treatment decreased 
the wet lung‑to‑body weight ratio, which suggested it 
suppressed the excess accumulation of f luid in lung 
tissues. These results showed that sTLR4/sMD‑2 complex 
can act as an anti‑inflammatory reagent against LPS‑induced 
ALI.

Early studies showed that sTLR4/sMD‑2 complex attenu-
ates LPS induced‑ALI  (20). In the present study, we found 
sTLR4/sMD‑2 complex inhibited the expression of TNF‑α 
and CXCL1 on the cell surface and in the cell supernatant of 
THP‑1 cells treated with LPS at higher concentration in vitro. 
Secondly, our results also showed that the administration of 
sTLR4/sMD‑2 complex decreased wet lung‑to‑body weight 
ratio and lung injury score, pro‑inflammatory cytokines produc-
tion of IL‑6 and CXCL1 in BALF and MPO activity. Moreover, 

Figure 2. sTLR4/sMD‑2 complex attenuats the LPS‑induced ALI. Mice were anesthetized and treated with PBS, LPS (400  µg/kg), sTLR4 (LPS 
400 µg/kg + sTLR4 650 µg/kg), sMD‑2 (LPS 400 µg/kg + sMD‑2175 µg/kg), sTLR4/MD‑2 (LPS 400 µg/kg + sTLR4/sMD‑2825 µg/kg) after tracheostomy. 
After 16 h, the lung tissue and BALF were collected. (A) Representative images of HE stained lung sections from five experimental groups. Original magnifica-
tion, x200. Each photograph represents three independent experiments. (B) Lung injury score was determined. (C) The pulmonary index of wet lung‑to‑body 
weight ratio. (D) Total cells and neutrophil counts in BALF were detected to evaluate pulmonary inflammation induced by LPS. #P<0.05 and ##P<0.01 vs. the 
PBS group; *P<0.05 and **P<0.01 vs. the LPS group.
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sTLR4/sMD‑2 complex significantly alleviated LPS‑induced 
lung histopathological changes, whereas sTLR4 and sMD‑2 
alone had no effect. Furthermore, sTLR4/sMD‑2 complex had 
the ability to protect against ALI even when treated with high 
concentrations (400 µg/kg) of LPS. These results are all the 
new findings of this study, which provides powerful evidence 
to support sTLR4/sMD‑2 complex's role as a potential treatment 
for preventing ALI induced by LPS. Therapeutic effects of the 
sTLR4/sMD‑2 complex in other biological fields still need to be 
investigated in the future studies.
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