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Objective. Sepsis is a leading cause of acute lung injury (ALI). This study attempted to investigate the effects of limb bud and heart
(LBH) on the development of sepsis-induced ALI and its underlying mechanism of action.Methods. The sepsis-induced ALI mouse
model was established by cecal ligation and puncture (CLP). The lung injury score and lung wet/dry weight (W/D) ratio were used
to evaluate the lung injury. In vitro, ALI was simulated by lipopolysaccharide (LPS) treatment in A549 cells. The mRNA expression
of LBH, NLRP3, ASC, and proinflammatory cytokines was measured by qRT-PCR. The viability of LPS-induced A549 cells was
analyzed by MTT assay. Furthermore, western blot was performed to detect the protein expression of LBH, NLRP3, and ASC.
LPS-induced A549 cells were treated with MCC950 (NLRP3 inflammasome inhibitor) to confirm the effect of LBH on NLRP3
inflammasome. Results. The mRNA and protein expression of LBH was decreased in sepsis-induced ALI. LBH overexpression
reduced the lung injury score, lung W/D ratio, expression of proinflammatory cytokines, and NLRP3 inflammasome activation
in sepsis-induced ALI mouse model. Additionally, LBH upregulation increased the viability, while it decreased the
proinflammatory cytokine expression and NLRP3 inflammasome activation of LPS-induced A549 cells. Moreover, MCC950
reversed the promoting effects of LBH silencing on proinflammatory cytokine expression and NLRP3 inflammasome activation
in LPS-induced A549 cells. Conclusions. LBH alleviated lung injury in sepsis-induced ALI mouse model by inhibiting
inflammation and NLRP3 inflammasome, and restrained the inflammation by inhibiting NLRP3 inflammasome in LPS-induced
A549 cells, providing a novel therapeutic target for ALI.

1. Introduction

Sepsis leads to multiple organ dysfunctions that can pro-
duce diverse critical illness [1]. Lung dysfunction, referred
to as acute lung injury (ALI), is generally associated with
sepsis [2]. ALI is characterized by pulmonary alveoli
edema, mitochondrial dysfunction, and exuberant proin-
flammatory responses [3]. More than 40% of ALI patients
have disseminated intravascular coagulation or hematolog-
ical, cardiovascular, and neurological dysfunctions; all of
which were related to higher mortality [4]. The anti-
inflammatory drugs for ALI are inefficient, and the treat-
ments of ALI require high costs [5, 6]. Therefore, it is
essential to explore new approaches for the treatment of
ALI.

Limb bud and heart (LBH) belongs to the intrinsically
disordered protein family and plays pivotal role in human
disease [7]. It has been documented that LBH participates
in the development of inflammatory diseases. Matsuda et al.
have reported that LBH inhibition enhances DNA damage,
alters cell cycle kinetics, and promotes synovial inflammation
in rheumatoid arthritis [8]. Chang et al. have displayed that
LBH expression is low-expressed in systemic lupus erythe-
matosus (SLE) patients and is associated with the pathogen-
esis of SLE [9]. LBH also has been proved to modulate the
process of lung diseases. For instance, LBH downregulation
in idiopathic pulmonary fibrosis patients is correlated with
worse transplant-free survival and low forced vital capacity
[10]. LBH predicts survival outcome and attenuates invasion
and growth of human lung adenocarcinoma cells [11].
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However, the function and underlying mechanism of LBH in
the regulation of ALI is still unknown.

The NLRP3 inflammasome is a critical signaling node
that accelerates the maturation of proinflammatory cytokines
IL-18 and IL-1β [12]. It contains NLRP3, ASC, caspase-1,
and NOD-like receptor [13]. NLRP3 inflammasome has been
linked with various human inflammatory diseases including
chronic kidney disease [14], gout [15], and ALI [16]. Increas-
ing evidences have exhibited that numerous genes take part
in the pathogenesis of ALI via regulating NLRP3 inflamma-
some. For instance, miR-223 declines the lipopolysaccharide-
(LPS-) induced inflammation in ALI by suppressing NLRP3
inflammasome [17]. Apelin-13 administration protects
against LPS-induced ALI via repressing NLRP3 inflamma-
some [18]. CORM-2 attenuates the NLRP3 inflammasome
pathway, which restrains the inflammatory responses and
related tissue injury in ALI [19]. Despite these reports, the
specific regulatory relationship between LBH and NLRP3
inflammasome in ALI remains undefined.

In this study, we evaluated LBH expression in sepsis-
induced ALI mouse model and explored the regulatory
effects of LBH on lung injury, inflammation, and NLRP3
inflammasome activation. Additionally, we explored the
function of LBH in regulating NLRP3 inflammasome activa-
tion and inflammation in LPS-induced A549 cells. Our
results may provide a hopeful therapeutic target for ALI
(Supplemental Figure 1).

2. Methods

2.1. Cecal Ligation and Puncture (CLP) Model of Sepsis. A
total of 20 male C57BL/6 mice (6-8 weeks old) were pur-
chased from Beijing Vital River Laboratory Animal Technol-
ogy Co., Ltd. After one week of adjustment, sepsis-induced
ALI mouse model was established. Simply, mice were anes-
thetized by intraperitoneal injection of sodium pentobarbital
(35mg/kg) and underwent CLP. The cecum was exposed and
ligated 0.5 cm from the tip with 4-0 silk suture. A 22-gauge
needle was used for one puncture site where a little bit of fecal
contents were extruded. At last, the wounds were closed
using a 4-0 silk suture. Similar procedures were performed
on the mice of the sham group (n = 5), except ligation and
puncture. All mice were resuscitated by subcutaneous injec-
tion of 1ml of prewarmed saline. The animal experiments
were permitted by the Ethics Committee of our hospital.

2.2. Injection of Lentivirus into Sepsis-Induced ALI Mouse
Model. Recombinant lentiviruses carrying sequences encod-
ing LBH (lv-LBH) and a negative control sequence (lv-NC)
were constructed by Shanghai GenePharma (Shanghai,
China). After lentivirus infection of the A549 cell, LBH-
overexpressing cells (lv-LBH) and control cells (lv-NC) were
gained through two-week puromycin (2μg/ml) screening.
The sepsis-induced ALI mouse model was randomly divided
into three groups (n = 5): the CLP group (the sepsis-induced
ALI mouse model without treatment), the CLP+lv-LBH
group (A549 cells infected with lv-LBH were instilled intra-
nasally into the sepsis-induced ALI mouse model), and the
CLP+lv-NC group (A549 cells infected with lv-NC were

instilled intranasally into the sepsis-induced ALI mouse
model). Mice were anesthetized with 50mg/kg pentobarbital
sodium and sacrificed by cervical dislocation. The left lung
was collected for the measurement of the lung wet/dry weight
(W/D) ratio assay. The right lung was stored at -80°C for the
future experiments.

2.3. The Lung W/D Ratio. Then, the left lung was rinsed care-
fully, blotted, and weighed (wet weight). Subsequently, the
left lung was dried in an oven at 60°C for 72 h and weighed
(dry weight). The lung W/D ratio was calculated as ðwet
weight/dry weightÞ × 100%:

2.4. Hematoxylin-Eosin (HE) Staining. Lung tissues were
fixed in 4% paraformaldehyde for 24 h, embedded in paraffin,
cut into sections at 4μmthickness, and stained with HE stain-
ing. By means of light microscopy (Nikon, Eclipse 80i,
Tokyo, Japan), the degree of histological injury in lung tissues
was observed.

2.5. Cell Culture and Treatment. Human respiratory epithe-
lial A549 cells were obtained from American Type Culture
Collection (Manassas, VA, USA). A549 cells were cultured
in RPMI-1640 (Gibco, Erie, NY, USA) with 10% fetal bovine
serum (FBS, Invitrogen, Carlsbad, NY, USA) at 37°C contain-
ing 5% CO2. A549 cells treated with 100 ng/ml LPS for 24h
were regarded as the sepsis-induced ALI model at the cellular
level (LPS-induced A549 cells) [20–22].

2.6. Cell Transfection. The short hairpin- (sh-) LBH, sh-NC,
pcDNA3.1-NC (pcDNA3.1), and pcDNA3.1-LBH (oe-
LBH) were synthesized by GenePharma (Shanghai, China).
LPS-inducedA549 cells grown to 85% confluence were trans-
fected with these above agents using Lipofectamine 3000
(Invitrogen). The LPS-induced A549 cells in the blank or
NC group did not receive any transfection. After the transfec-
tion, LPS-induced A549 cells or LPS-induced A549 cells
transfected with sh-LBH were treated with 10μM MCC950
(NLRP3 inflammasome inhibitor) for another 48 h.

2.7. Western Blot. Total proteins were extracted from tissues
and cells, and then transferred into SDS-PAGE. Separated
protein was transferred onto polyvinylidene fluoride mem-
branes, blocked with 5% skimmed milk, and incubated at
4°C overnight with primary antibodies, including anti-LBH
(1 : 1000, SAB1304367MSDS, Sigma), anti-NLRP3 (1 : 1000,
ABF23MSDS, Sigma), anti-ASC (1 : 1000, A1601MSDS,
Sigma), and anti-β-actin (1 : 5000, SAB2701711MSDS,
Sigma). Afterwards, the membranes were subjected to
HRP-labeled goat anti-rabbit IgG (1 : 5000, 12-348MSDS,
Sigma) secondary antibody at 25°C for 1 h. The immunoblots
were measured through ECL system and quantified by Image
Lab software (Bio-Rad, Hercules, CA, USA).

2.8. Quantitative Real-Time Polymerase Chain Reaction
(qRT-PCR). The mRNA expression of specific genes (LBH,
IL-1β, IL-6, IL-18, NLRP3, and ASC) was measured by
qRT-PCR as previously described [23–25]. Total RNA was
extracted from tissues and cells using the TRIzol reagent
(Invitrogen). Then, cDNA samples were attained through

2 BioMed Research International



reverse transcription using PrimeScript RT Reagent Kit
(Takara, Japan). Next, qRT-PCR was conducted on 7500
Real-Time PCR System (Applied Biosystems, Waltham,
MA, USA). The reaction conditions were as follows: 95°C
for 10min, followed by 40 cycles at 95°C for 10 s, 60°C for
20 s, and 72°C for 34 s. GAPDH was used as internal control
for LBH, and β-actin was used for others. Relative expression
level was calculated by the 2-ΔΔCt method
(ΔΔCt = ΔCt1 − ΔCt2; ΔCt1 = Ct value of target gene in the
test group − Ct value of internal control in the test group; ΔCt
2 = Ct value of target gene in the control group − Ct value of
internal control in the control group). The primer sequences
are shown in Table 1.

2.9. MTT Assay. The LPS-induced A549 cells were seeded
into 96-well plates (2 × 103 cells/well) and cultured with 5%
CO2 at 37

°C for 72 h. Cell viability was measured using the
MTT cell proliferation assay kit (Sigma) according to the
guidelines.

2.10. Statistical Analysis. Data statistical analysis was per-
formed using GraphPad Prism 7.0 (GraphPad, San Diego,
CA, USA). Data were presented as the mean ± standard
deviation. The differences between two groups or among
multiple groups were assessed by Student’s t-test or one-
way ANOVA followed by Tukey’s post hoc test. The correla-
tion significance was evaluated by Pearson correlation analy-
sis. Differences were considered statistically significant at
P < 0:05.

3. Results

3.1. LBH Expression Was Decreased in the Lung Tissues of
Sepsis-Induced ALI. The Gene Expression Omnibus (GEO,
accession number GSE23767) was used to analyze the differ-
ential expression of LBH in sepsis-induced ALI model. At 6
and12h after CLP operation, the LBH expression in lung tis-
sues from CLP mice was considerably downregulated com-
pared with sham-operated mice (P < 0:001, Figure 1(a)).
Furthermore, western blot uncovered that the LBH protein
expression in lung tissues was dramatically inhibited in
sepsis-induced ALI mouse model (P < 0:001, Figure 1(b)).

3.2. LBH Increased the Viability and Attenuated
Inflammation of LPS-Induced A549 Cells. To explore the
effect of LBH on ALI in vitro, we performed the LPS induc-
tion to produce LPS-induced ALI in A549 cells. qRT-PCR
exhibited that the LBH expression was inhibited or enhanced
by the transfection of sh-LBH oroe-LBH into LPS-induced
A549 cells (P < 0:001, Figure 2(a)). MTT assay displayed that
LBH inhibition markedly declined the viability of LPS-
inducedA549 cells, while LBH overexpression obviously ele-
vated the cell viability (P < 0:01, Figure 2(b)). As depicted
in Figure 2(c), LBH knockdown visibly increased the expres-
sion of IL-1β, IL-6, and IL-18 in LPS-induced A549 cells
(P < 0:01). In contrary, the expression of above proinflam-
matory cytokines was strikingly reduced by LBH overexpres-
sion (P < 0:05).

3.3. LBH Attenuated NLRP3 Inflammasome Activation in
LPS-Induced A549 Cells. As illustrated in Figure 3(a), the
GEO (accession number GSE23767) was used to analyze
the correlation between LBH and IL-1β expression and LB
Hand NLRP3 expression in sepsis-induced ALI model. The
results displayed that the expression of LBH was inversely
related to the expression of IL-1β (R2 = 0:704, P < 0:0024)
and NLRP3 (R2 = 0:938, P < 0:001) in ALI. To investigate
the effect of LBH on NLRP3 inflammasome activation, the
mRNA and protein expression of NLRP3 and ASC was
detected by qRT-PCR and western blot. The results displayed
that LBH silencing obviously increased the NLRP3 and ASC
mRNA expression (P < 0:001), while LBH overexpression
markedly decreased the NLRP3 and ASC expression in
LPS-induced A549 cells (P < 0:01, Figure 3(b)). Moreover,
western blot assay revealed that downregulation or upregula-
tion of LBH could dramatically elevate or reduce the protein
expression of NLRP3and ASC in LPS-induced A549 cells,
respectively (P < 0:001, Figure 3(c)).

3.4. LBH Reduced Inflammation through Inhibiting NLRP3
Inflammasome Activation in LPS-Induced A549 Cells.
NLRP3inflammatory activation was inhibited by the trans-
fection of MCC950 (NLRP3 inflammasome inhibitor) in
LPS-induced A549 cells, and then, the expression of inflam-
matory cytokines was examined by qRT-PCR. The results
showed that LBH knockdown considerably increased the
expression of IL-1β, IL-6, and IL-18 in LPS-induced A549
cells (P < 0:001), and MCC950 reversed the promoting
effects of LBH knockdown on the expression of inflamma-
tory cytokines in LPS-induced A549 cells (P < 0:001,
Figure 4(a)). Moreover, sh-LBH could visibly enhance the
NLRP3 and ASC protein expression in LPS-induced A549
cells (P < 0:001), and MCC950 eliminated the facilitation
effects on the NLRP3 and ASC protein expression in LPS-

Table 1: Primer sequences used in quantitative real-time
polymerase chain reaction (qRT-PCR).

Name of primer Sequences (5′-3′)
LBH-F CCATTCACTGCCCCGACTAT

LBH-R TTTCGCTGTCTCTTCGCAGT

GAPDH-F GAAGGTGAAGGTCGGAGTCA

GAPDH-R GACAAGCTTCCCGTTCTCAG

NLRP3-F TGGGTTCTGGTCAGACACGAG

NLRP3-R GGCGGGTAATCTTCCAAATGC

ASC-F GGAGTCGTATGGCTTGGAGC

ASC-R CGTCCACTTCTGTGACCCTG

IL-1β-F GCCCTAAACAGATGAAGTGCTC

IL-1β-R GAACCAGCATCTTCCTCAG

IL-6-F GGAAATCGTGGAAATGAG

IL-6-R AGGACTCTGGCTTTGTCT

IL-18-F ACAGGCCTGACATCTTCTGC

IL-18-R CCTTGAAGTTGACGCAAGAGT

β-Actin-F CCCGCGAGTACAACCTTCTT

β-Actin-R TCATCCATGGCGAACTGGTG
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Figure 1: LBH expression was decreased in the lung tissues of sepsis-induced acute lung injury (ALI). (a) The Gene Expression Omnibus
(GEO, accession number GSE23767) was used to analyze the differential expression of LBH in sepsis-induced ALI model. ∗∗∗P < 0:001 vs.
lung sham. (b) The protein expression of LBH in lung tissues was detected by western blot. ∗∗∗P < 0:001 vs. sham.
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Figure 2: LBH increased the viability and attenuated inflammation of lipopolysaccharide- (LPS-) induced A549 cells. (a) The transfection
efficiency of sh-NC, sh-LBH, pcDNA-NC (pcDNA3.1), and pcDNA3.1-LBH (oe-LBH) was demonstrated by using qRT-PCR. ∗∗∗P <
0:001 vs. sh-NC, ###P < 0:001 vs. pcDNA3.1. (b) The viability of LPS-induced A549 cells was measured by MTT assay. ∗∗P < 0:01 vs. sh-
NC, ##P < 0:01 vs. pcDNA3.1. (c) qRT-PCR was performed to confirm the expression level of IL-1β, IL-6, and IL-18 in LPS-induced A549
cells. ∗∗P < 0:01 and ∗∗∗P < 0:001 vs. sh-NC, #P < 0:05 and ##P < 0:01 vs. pcDNA3.1.
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induced A549 cells caused by LBH silencing (P < 0:001,
Figure 4(b)).

3.5. LBH Overexpression Alleviated the Lung Injury of Sepsis-
Induced ALI. As shown in Figure 5(a), the LBH expression in
A549 cells was increased by the infection of lv-LBH
(P < 0:001). Then, we further explore the biological function
of LBH in sepsis-induced ALI in vivo. The degree of injury in
lung tissues was observed by HE staining. As exhibited in
Figure 5(b), the lung morphology of mice in the CLP+lv-

NC group changed greatly, including neutrophil infiltration,
hemorrhage, interstitial edema, alveolar disarray, and thick-
ness of the alveolar septum. However, these histological
changes were ameliorated by infection oflv-LBH. Moreover,
the lung injury score was considerably elevated in sepsis-
induced ALI mouse model (P < 0:001, Figure 5(c)). LBH
overexpression could markedly reduce the lung injury score
in sepsis-induced ALI mouse model (P < 0:01, Figure 5(c)).
Additionally, the lung W/D ratio was obviously increased
in the CLP group comparing with the sham group
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Figure 3: LBH attenuated NLRP3 inflammasome activation in LPS-induced A549 cells. (a) The Gene Expression Omnibus (GEO, accession
number GSE23767) exhibited that the expression of LBH was inversely related to the expression of IL-1β and NLRP3 in acute lung injury
(ALI). (b) The mRNA expression of NLRP3 and ASC in LPS-induced A549 cells was measured by qRT-PCR. ∗∗∗P < 0:001 vs. sh-NC,
##P < 0:01 and ###P < 0:001 vs. pcDNA3.1. (c) Western blot was performed to detect the protein expression of NLRP3 and ASC in LPS-
induced A549 cells. ∗∗∗P < 0:001 vs. sh-NC, ###P < 0:001 vs. pcDNA3.1.
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(P < 0:001, Figure 5(d)). The lung W/D ratio in sepsis-
induced ALI mouse model was visibly decreased by LBH
overexpression (P < 0:001, Figure 5(d)).

3.6. LBH Overexpression Attenuated Inflammation and
NLRP3 Inflammasome Activation in Sepsis-Induced ALI
Mouse Model. As depicted in Figure 6(a), IL-1β, IL-6, and
IL-18 expression in the CLP+lv-NC was higher than that in
the sham group (P < 0:001). The expression of IL-1β, IL-6,
and IL-18 in lung tissues of sepsis-induced ALI mouse model
was obviously decreased by the infection of lv-LBH
(P < 0:001). Besides, the expression of NLRP3 and ASC in
the CLP+lv-NC group was visibly increased compared to
the sham group (P < 0:001, Figure 6(b)). LBH overexpression
could markedly downregulate the expression of NLRP3 and
ASC in lung tissues of sepsis-induced ALI mouse model
(P < 0:001, Figure 6(b)). Moreover, western blot assay dis-
covered that the protein expression of NLRP3 and ASC in
the lv-NC group was considerably enhanced compared to
those in the sham group (P < 0:001, Figure 6(c)). Upregula-
tion of LBH could significantly reduce the NLRP3 and ASC
protein expression in lung tissues of sepsis-induced ALI
mouse model (P < 0:001, Figure 6(c)).

4. Discussion

The sepsis-induced ALI mouse model is frequently recog-
nized as a model of human ALI [26, 27]. LBH is regarded
as a pivotal regulator in embryonic development and was
downregulated in several diseases such as rheumatoid arthri-
tis [28], SLE [9], and nasopharyngeal carcinoma [29]. In this
study, LBH protein expression was decreased in the lung tis-
sues of sepsis-induced ALI mouse model. Hence, LPS-
induced A549 cells were selected and treated with LBH as
to further confirm the biochemical mechanisms underlying
the effect of LBH in pathogenesis of sepsis-induced ALI.
The present study provided in vivo and vitro evidences that
LBH plays critical role in the development of sepsis-
induced ALI.

It has been proved that some genes have protective effect
against ALI by increasing lung cell viability. For instances,
Nrf2 protects against ALI by elevating the lung cell viability
[30]. Upregulation of 4-PBA significantly increases the via-
bility of LPS-induced A549 cells [31]. Here, LBH overexpres-
sion increased the viability of LPS-induced A549 cells,
suggesting that LBH may alleviate ALI through promoting
cell viability. Additionally, previous studies have
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Figure 4: LBH reduced inflammation through inhibiting NLRP3 inflammasome activation in LPS-induced A549 cells. (a) MCC950 reversed
the promoting effects of sh-LBH on the expression of IL-1β, IL-6, and IL-18 in LPS-induced A549 cells. ∗∗∗P < 0:001 vs. NC, ###P < 0:001 vs.
sh-LBH. (b) MCC950 eliminated the facilitation effects on the NLRP3 and ASC protein expression in LPS-induced A549 cells caused by sh-
LBH. ∗∗∗P < 0:001 vs. NC, ###P < 0:001 vs. sh-LBH.
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demonstrated that inhibition of inflammatory responses
attenuates ALI progression. For instances, Miz1 inhibits the
contents of IL-1β and IL-6 in LPS-induced lung cells [32].
Elevation of lncRNA TUG1 reduces LPS-induced inflamma-
tion in pulmonary microvascular endothelial cells [33]. In the
present study, LBH treatment declined the expression of IL-
1β, IL-6, and IL-18 in the LPS-induced A549 cells, indicating
that LBH may ameliorate ALI via inhibiting inflammation.
Altogether, these data indicate that LBH overexpression
may protect against ALI by increasing cell viability and atten-
uating inflammation in vitro.

NLRP3 inflammasome is responsible for proinflamma-
tory cytokine maturation and secretion, and can be activated
in response to cellular stresses during lung injury [34]. Dele-
tion of NLRP3 inflammasome decreases lung epithelial cell
death and attenuates the recruitment of inflammatory cells
and the elevation of proinflammatory cytokines, exerting a
protective effect against ALI [35]. In this study, analyzing
the database from the GEO, the results exhibited that the
LBH expression was negatively associated with the NLRP3
expression. The abovementioned data indicated that LBH
may protect against ALI through negatively regulating

NLRP3. The formation of mature active form of IL-1β is
highly dependent on the activation of NLRP3 inflamma-
somes during the process of ALI [36–38]. IL-1β induces vas-
cular endothelial and alveolar epithelial permeability, leading
to alveolar edema in ALI [39]. Here, the database of GEO dis-
played that the LBH expression was negatively related to the
IL-1β expression, suggesting that LBH may attenuate ALI by
negatively regulating IL-1β.

NLRP3 and ASC are the important components of
NLRP3 inflammasome [40]. The level of NLRP3 protein
expression has been shown to be a limiting step in controlling
inflammasome activation [41]. Upon activation, NLRP3
forms an inflammasome with the adapter ASC [42]. In this
study, LBH overexpression decreased the mRNA and protein
expression of NLRP3 and ASC in LPS-induced A549 cells,
indicating that LBH may inhibit the NLRP3 inflammasome
activation in LPS-induced A549 cells. Previous researches
have confirmed that inhibition of the NLRP3 inflammasome
activation can suppress the development of ALI. For
instances, hemin alleviates sepsis-induced ALI by inhibiting
activation of NLRP3 inflammasome and attenuating inflam-
matory response in vitro [43]. Morin exerts a protective effect
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Figure 5: LBH overexpression alleviated the lung injury of sepsis-induced acute lung injury (ALI). (a) The LBH expression in A549 cells was
measured by qRT-PCR. ∗∗∗P < 0:001 vs. lv-NC. (b) The histopathological change in lung tissues was observed by hematoxylin-eosin (HE)
staining. (c) The degree of lung injury was evaluated by lung injury score. ∗∗∗P < 0:001 vs. sham, ##P < 0:01 vs. CLP+lv-NC. (d) The lung
wet/dry weight (W/D) ratio was measured. ∗∗∗P < 0:001 vs. sham, ###P < 0:001 vs. CLP+lv-NC.
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on ALI and attenuates proinflammatory cytokine secretion
via reducing activation of NLRP3 inflammasome [44]. Dihy-
dromyricetin alleviates inflammatory reactions by suppress-
ing the CLP-induced NLRP3 inflammasome pathway in
sepsis-induced ALI [45]. Here, LBH overexpression inhibited
the expression of IL-1β, IL-6, and IL-18 in LPS-induced
A549 cells. Given that LBH inhibited the NLRP3 inflamma-
some activation in LPS-induced A549 cells, we speculate that
LBH may decrease the expression of IL-1β, IL-6, and IL-18
through inhibiting NLRP3 inflammasome activation. To fur-
ther verify the speculation, we treated LPS-induced A549
cells with MCC950, an NLRP3 inflammasome inhibitor.
Encouragingly, our results showed that MCC950 effectively
reversed the promoting effects of LBH silencing on the
expression of IL-1β, IL-6, and IL-18 in the LPS-induced
A549 cells. Taken together, we suggest that LBH may allevi-
ate the inflammation in LPS-induced A549 cells via attenuat-
ing NLRP3 inflammasome activation.

To further explore the effects of LBH on lung injury,
inflammatory responses, and NLRP3 inflammasome activa-

tion in sepsis-induced ALI, we performed in vivo experi-
ments in sepsis-induced ALI mouse model. The lung
histological changes, lung injury score, and lung W/D ratio
are the important indexes to evaluate the degree of lung
injury in the development of ALI [46]. The therapeutic effects
of many drugs on ALI are reflected in the reduction of these
indicators. For instances, maresin 1 alleviates the histological
changes of the lung and reduces the lung W/D ratio in LPS-
induced ALI in mice [47]. Melatonin treatment declines the
lung injury score in LPS-induced ALI mouse model [48].
Ketamine treatment prevents CLP-induced alveolar wall
thickening and accumulation of neutrophils, and decreases
the lung W/D ratio in sepsis-induced ALI [49]. In this study,
overexpression of LBH reduced the lung histological changes,
lung injury score, and lung W/D ratio in sepsis-induced ALI
mouse model, indicating that LBH may act as a protective
gene for treating sepsis-induced ALI in vivo. Inflammation
has been identified as the major cause that leads to lung
injury [50]. NLRP3 inflammasome has been shown to be
activated in ALI models [51]. In this study, LBH
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Figure 6: LBH overexpression attenuated inflammation and NLRP3 inflammasome activation in sepsis-induced acute lung injury (ALI)
mouse model. (a) qRT-PCR was performed to confirm the expression of IL-1β, IL-6, and IL-18 in lung tissues. ∗∗∗P < 0:001 vs. sham,
###P < 0:001 vs. CLP+lv-NC. (b, c) The mRNA and protein expression of NLRP3 and ASC in lung tissues was detected by qRT-PCR and
western blot, respectively. ∗∗∗P < 0:001 vs. sham, ###P < 0:001 vs. CLP+lv-NC.
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overexpression decreased the expression of proinflammatory
cytokines and NLRP3 inflammasome components in lung
tissues of sepsis-induced ALI mouse model, indicating that
LBH treatment attenuated the inflammation and NLRP3in-
flammasome activation in sepsis-induced ALI mice. To sum
up, we indicated that LBH overexpression may alleviate the
progression of sepsis-induced ALI in vivo by inhibiting the
lung injury, inflammatory responses, and NLRP3inflamma-
some activation.

5. Conclusion

In summary, the protein expression of LBH was decreased in
the lung tissues of sepsis-induced ALI mouse model. In vitro,
overexpression of LBH reduced the viability and expression
of proinflammatory cytokines (IL-1β, IL-6, and IL-18) in
LPS-induced A549 cells, suggesting that overexpression of
LBH may protect against ALI by increasing cell viability
and attenuating inflammation in vitro. Upregulation of
LBH inhibited the mRNA and protein expression of NLRP3
and ASC in LPS-induced A549 cells. The mechanical exper-
iment demonstrated that MCC950 (NLRP3 inflammasome
inhibitor) effectively reversed the promoting effects of LBH
silencing on the expression of IL-1β, IL-6, and IL-18 in the
LPS-induced A549 cells, indicating that upregulation of
LBH may alleviate the inflammation via attenuating NLRP3
inflammasome activation in LPS-induced A549 cells. In vivo,
overexpression of LBH decreased the lung histological
changes, lung injury score, lung W/D ratio, expression of
IL-1β, IL-6, and IL-18, and activation of NLRP3inflamma-
some in lung tissues of sepsis-induced ALI mouse model.
Therefore, LBH may be a promising therapeutic target for
ALI. However, there were several limitations to our study.
First, there are many other downstream signaling pathways
of LBH that have not yet been determined in sepsis-
induced ALI. Second, due to the lack of clinical samples with
follow-up information, it was difficult to determine the clin-
ical significance of LBH. Third, the regulatory relationship
between LBH and NLRP3 inflammasome on inflammatory
responses in sepsis-induced ALI is limited to the cellular level
and in vivo experiments are needed. Related experiments will
be considered in our future studies (Supplemental Figure 2).
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