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ubiquitin-specific Asthma, characterized by dysfunction of airway epithelial cells, is regarded as a chronic
protease 8; inflammatory disorder in the airway. Ubiquitin-specific protease 8 (USP8) belongs to ubiquitin
asthma; proteasome system and mediates the stability of E3 ligases. The anti-inflammatory effect
lipopolysaccharide; of USP8 has been widely investigated in distinct diseases, while the role of USP8 in asthma
human bronchial remains elusive. Firstly, human bronchial epithelial cells (BEAS-2B) were treated with lipo-
epithelial cells; polysaccharide, which reduced the cell viability of BEAS-2B and induced the secretion of lac-
pyroptosis; tate dehydrogenase (LDH). Moreover, the expression of USP8 was downregulated in BEAS-2B
inflammation; post lipopolysaccharide treatment. Secondly, overexpression of USP8 enhanced cell viability
PI3K/AKT; of lipopolysaccharide-treated BEAS-2B, and reduced the LDH secretion. USP8 overexpression
NF-xB also attenuated lipopolysaccharide-induced upregulation of TNF-a, IL-6, and IL-1B in BEAS-2B.

Thirdly, lipopolysaccharide treatment promoted the expression of NLRP3 (NLR Family Pyrin
Domain Containing 3), N-terminal domain of gasdermin D (GSDMD-N), caspase-1, IL-1B, and
IL-18 in BEAS-2B, which was inhibited by USP8 overexpression. Lastly, USP8 overexpression
decreased the phosphorylation of NF-kB, while it increased the phosphorylation of PI3K and
AKT in lipopolysaccharide-treated BEAS-2B. In conclusion, USP8 inhibited lipopolysaccha-
ride-triggered inflammation and pyroptosis in human bronchial epithelial cells by activating
PI3K/AKT signaling and inhibiting NF-xB signaling pathway.

© 2022 Codon Publications. Published by Codon Publications.

*Corresponding author: Lu Liu, Department of Respiratory and Critical Care Medicine, Wuxi 9th People’s Hospital Affiliated to Soochow
University, No. 999, Liangxi Road, Binhu District, Wuxi, Jiangsu Province, China. Email address: Liulu_1221@163.com

https://doi.org/10.15586/aei.v50i2.568
Copyright: Liu L, et al.
License: This open access article is licensed under Creative Commons Attribution 4.0 International (CC BY 4.0). http://creativecommons.org/


www.all-imm.com�
https://doi.org/10.15586/aei.v50i2.568
http://creativecommons.org/
mailto:Liulu_1221@163.com

USP8 in lipopolysaccharide-triggered bronchial epithelial cells

97

Introduction

Asthma, one of the most common chronic respiratory dis-
eases,"? is a major public health problem among both adults
and children with high morbidity and mortality. It is gen-
erally characterized by mucus hypersecretion and chronic
airway inflammation,?® and is regarded as a global health
problem, which has no effective treatment.* Therefore,
novel strategies are urgently needed for the prevention of
asthma.

Exogenous toxic factors, including smoking, air pollut-
ants, and bacterial infections, can induce viral diseases,
such as bronchiolitis and lung injury, and lead to the occur-
rence of asthma.® Airway epithelium is the first line of
defense against those toxic factors.®> Lipopolysaccharide,
the bioactive ingredient in cigarette smoke and the main
component of gram-negative bacteria, has been shown to
induce airway inflammation and lead to damage and dys-
function of airway epithelial cells, thus being implicated in
the pathogenesis of respiratory diseases, such as asthma.¢
Suppression of lipopolysaccharide-induced airway inflam-
mation contributed to the amelioration of asthma.’

Ubiquitin-specific protease 8 (USP8) is a member of the
ubiquitin proteasome system, which functions as a deubiqg-
uitinating enzyme to mediate the stability of E3 ligases and
exerts pleiotropic functions in endosomal sorting, auto-/
mitophagy, neurological disorders, ciliogenesis, sperm
acrosome formation, and T-cell function.? It has been shown
that USP8 was able to inhibit the activation of microglia,
suppress inflammatory response, and improve cognitive
and motor impairment, exerting a protective role against
sepsis-associated encephalopathy.” USP8 also reduced
intermittent  hypoxia/reoxygenation-induced inflamma-
tion in renal tubular epithelial cells through deubiquitina-
tion of transforming growth factor-B-activated kinase-1."
Lipopolysaccharide-induced hippocampal damage, inflam-
matory response, and cognitive and motor deficits in mice
were also prevented by USP8 through inhibition of TLR4/
MyD88/NF-xB signaling." In addition, analysis of gene
expression profiling from asthmatic and nonasthmatic par-
ticipants showed that USP8 was dysregulated in asthmatic
patients.”? NF-xB signaling was activated in response to the
stimuli of lipopolysaccharide during the development of
asthma.® Inhibition of NF-xB signaling has been shown to
be a promising strategy for the interference of asthma.”
Therefore, USP8 was hypothesized to treat asthma through
inactivation of NF-xB signaling.

In this study, the effects of USP on lipopolysaccha-
ride-induced cellular damage and inflammation in human
bronchial epithelial cells were investigated. The results
might provide potential strategy for the treatment of
asthma.

Materials and Methods
Cell culture and treatment

Human bronchial epithelial cells (BEAS-2B) were acquired
from American Type Culture Collection (Manassas, VA,
USA). Cells were cultured in DMEM (Hyclone, Logan, UT,
USA) containing 10% fetal bovine serum and 1% antibiot-
ics of penicillin-streptomycin. Lipopolysaccharide-induced
bronchial epithelial cells have been widely used as an
in vitro cell model of asthma.'*'¢ Cells with at least 80%
confluence were incubated with 1, 5, 10, or 20 uM lipopoly-
saccharide (Sigma-Aldrich, St. Louis, MO, USA) for 24 h. All
the cells were cultured in an incubator at 37°C.

Cell viability

BEAS-2B (3 x 10° cells/well) was seeded in a 96-well plate
and incubated with the lipopolysaccharide for 24 h. pcD-
NA3.1-USP8 (USP8) or negative control (NC) was acquired
from Genepharma (Shanghai, China). Cells were then trans-
fected with the vectors using Lipofectamine 2000 (Sigma-
Aldrich) for another 24 h. MTT solution (Beyotime, Beijing,
China) was then added into each well, and cells were cul-
tured at 37°C for 4 h. Absorbance at 450 nm was measured
by microplate reader (Bio-Rad, Hercules, CA, USA), fol-
lowed by incubation with dimethyl sulfoxide.

qRT-PCR

BEAS-2B with indicated treatment and transfections was
lysed with the TRIzol kit (Invitrogen, Carlsbad, CA, USA),
and the RNAs were then isolated from the cells. RNAs were
synthesized into cDNAs using the Multiscribe™ Reverse tran-
scription Kit (Applied Biosystems, CA, USA), and the mRNA
expressions of USP8, TNF-a, IL-6, and IL-1p were detected
by PreTaq Il kit (Takara, Dalian, Liaoning, China) with the
primers in Table 1. The mRNA expression was normalized
to GAPDH through the 2724 method.

Table 1 Primer sequences.

Gene Forward Reverse

TNF-a 5-CATCTTCTCAAAATTCGAGTGACAA-3’ 5-TGGGAGTAGACAAGGTACAACCC-3’
UspP8 5'-GCCTGCTACAAAGAGTGTTCCAC-3’ 5'-GGAGAGGGAAATACTGGCTTGG-3'
IL-6 5-GGTGAGTGGCTGTCTGTGTG-3’ 5-TTCGGTCCAGTTGCCTTCT-3'

IL-1B 5-TGGACCTTCCAGGATGAGGACA-3' 5-GTTCATCTCGGAGCCTGTAGTG-3'
IL-4 5'-GAATGTACCAGGAGCCATATC-3' 5-CTCAGTACTACGAGTAATCCA-3’
IFN-y 5-AACGCTACACACTGCATCTTGG-3' 5-GACTTCAAAGAGTCTGAGG-3'
GAPDH 5'-GGCATGGACTGTGGTCATGAG-3' 5-TGCACCCCAACTGCTTAGC-3’
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(Applygen, Beijing, China). Levels of LDH, TNF-q, IL-6, IL-4, 2w 5
IFN-y, and IL-1p were determined using ELISA kits (ExCell Eg
Biology, Inc., Shanghai, China). K 0.0

Western blot

BEAS-2B was lysed in RIPA buffer (Beyotime), and the
concentration of isolated proteins was then determined.
Samples (30 pg) were separated by 10% SDS-PAGE, and
transferred onto nitrocellulose membranes. The mem-
branes were blocked in 5% BCA, and then probed with spe-
cific rabbit-anti-human antibodies: anti-mTOR (ab2732) and
anti-p-mTOR (ab1093) (1:1500); anti-IL18 (ab191152), anti-
USP8 (ab228572), and anti-p-actin (ab8227) (1:2000); anti-
NLRP3 (ab214185) and anti-GSDMD-N (ab155233) (1:2500);
anti-caspase-1 (ab62698) and anti-IL-1p (ab9722) (1:3000);
anti-PI3K (ab154598) and anti-p-PI3K (ab182651) (1:3500);
anti-p-AKT (ab81283) and anti-AKT (ab8805) (1:4000); and
anti-p-NF-xB (ab28856) and anti-NF-xB (ab16502) (1:4500).
The membranes were probed with goat anti-rabbit horse-
radish peroxidase-conjugated secondary antibody (ab6721)
(1:5000), and incubated with enhanced chemiluminescence
(Sigma-Aldrich) to determine the immunoreactivities. All
the antibodies were purchased from Abcam (Cambridge,
UK). Densitoemtrical analysis was calculated using ImageJ
1.51k software.

Statistical analysis

All the data with at least triple replicates were expressed
as mean + SEM, and analyzed by student’s t-test or one-way
analysis of variance using SPSS software. A p value of < 0.05
was considered as statistically significant.

Results

The expression of USP8 was downregulated in
lipopolysaccharide-treated BEAS-2B

To mimic the cell model of asthma, human bronchial epi-
thelial cells (BEAS-2B) were incubated with different con-
centrations of lipopolysaccharide. The mRNA expression of
USP8 was downregulated in BEAS-2B by lipopolysaccharide
in a dosage dependent way (Figure 1A). Moreover, protein
expression of USP8 was also reduced in lipopolysaccha-
ride-treated BEAS-2B (Figure 1B).

USP8 enhanced the cell viability of
lipopolysaccharide-treated BEAS-2B

Lipopolysaccharide-treated BEAS-2B was transfected with
pcDNA-USP8 (Figure 2A) to investigate the role of USP8 in
lipopolysaccharide-treated BEAS-2B. Lipopolysaccharide
treatment decreased the cell viability of BEAS-2B
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Figure 1 The expression of USP8 was downregulated in
lipopolysaccharide-treated BEAS-2B. (A) mRNA expression
of USP8 was downregulated in lipopolysaccharide-treated
BEAS-2B in a dosage dependent way. (B) Protein expression
of USP8 was downregulated in lipopolysaccharide-treated
BEAS-2B in a dosage dependent way and detected by western
blot. *, **, *** versus BEAS-2B p < 0.05, p < 0.01, p < 0.001.

(Figure 2B), which was attenuated by the transfection of
pcDNA-USP8 into BEAS-2B (Figure 2B). Lipopolysaccharide-
induced secretion of LDH in BEAS-2B was inhibited by USP
transfection (Figure 2C), suggesting the proliferative effect
of USP8 in lipopolysaccharide-treated BEAS-2B.

USP8 reduced the inflammatory response of
lipopolysaccharide-treated BEAS-2B

Lipopolysaccharide treatment upregulated the levels of
TNF-a, IL-6, IL-18, IL-4, and IFN-y in BEAS-2B (Figure 3A
and B). However, overexpression of USP8 decreased the
levels of TNF-qa, IL-6, IL-1B, IL-4, and IFN-y in lipopolysac-
charide-treated BEAS-2B (Figure 3A and B), demonstrating
the anti-inflammatory effect of USP8 in lipopolysaccha-
ride-treated BEAS-2B.

USP8 suppressed pyroptosis of
lipopolysaccharide-treated BEAS-2B

Lipopolysaccharide induced upregulation of NLRP3, GSDMD-N,
caspase-1, IL-1p, and IL-18 in BEAS-2B (Figure 4), suggesting
that lipopolysaccharide promoted pyroptosis of BEAS-2B.
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Figure 2 USP8 enhanced cell viability of lipopolysaccharide-treated BEAS-2B. (A) Lipopolysaccharide-treated BEAS-2B was
transfected with pcDNA-USP8 to increase the protein expression of USP8 detected by western blot. (B) Transfection of pcDNA-
USP8 enhanced the cell viability of lipopolysaccharide-treated BEAS-2B. (C) Transfection of pcDNA-USP8 reduced LDH secretion
of lipopolysaccharide-treated BEAS-2B detected by ELISA. **, *** versus control p < 0.01, p < 0.001. *, ** versus LPS + NC p < 0.05,

p < 0.01.

However, overexpression of USP8 suppressed pyroptosis of
lipopolysaccharide-treated BEAS-2B through downregulation
of NLRP3, GSDMD-N, caspase-1, IL-1p, and IL-18 (Figure 4).

USP8 regulated PI3K/AKT and NF-xB pathways in
lipopolysaccharide-treated BEAS-2B

Lipopolysaccharide reduced the phosphorylation of PI3K,
AKT, and mTOR in BEAS-2B (Figure 5A), which was reversed
by overexpression of USP8 in lipopolysaccharide-treated
BEAS-2B (Figure 5A). Moreover, overexpression of USP8
attenuated lipopolysaccharide-induced increase of NF-xB
phosphorylation in BEAS-2B (Figure 5B). These results
revealed that USP8 increased the phosphorylation of PI3K,
AKT, and mTOR, and inhibited the phosphorylation NF-kxB in
lipopolysaccharide-treated BEAS-2B.

Discussion

Ubiquitin proteasome system is essential for protein
homeostasis and has been shown to be implicated in the
pathogenesis of pulmonary disease."” Inhibition of ubiquitin
proteasome system promoted the blockage of NF-kB sig-
naling and suppressed airway inflammation to ameliorate
asthma.”® For example, USP38 contributed to the stabili-
zation of JunB protein to promote asthma pathogenesis."”
Proteins involved in the ubiquitin proteasome system,
including USP10, USP36, USP40, USP34, USP24, and USPS,
were dysregulated in asthmatic patients.” This study found
that overexpression of USP8 attenuated lipopolysaccha-
ride-induced cytotoxicity and inflammation in BEAS-2B,
thus ameliorating asthma.

Previous studies have shown that lipopolysaccharide
induced asthmatic conditions in human bronchial epithe-
lial cell through promotion of cell insult and inflammation."”
Therefore, lipopolysaccharide-evoked bronchial epithe-
lial cells were widely used as an asthmatic cell model.”
Here, we also incubated BEAS-2B with lipopolysaccharide
to mimic asthma. USP8 was found to be downregulated
in lipopolysaccharide-treated BEAS-2B. Overexpression of
USP8 attenuated lipopolysaccharide-evoked cytotoxicity
in BEAS-2B through increasing cell viability and decreasing
LDH secretion. However, the role of USP8 in cell apoptosis
of lipopolysaccharide-evoked BEAS-2B should be investi-
gated in further research.

Airway inflammation, driven by respiratory infections,
environmental allergens, and irritants, has been shown
to be the main contributor for the development of bron-
chial obstruction and asthma severity.?° Lipopolysaccharide
induced inflammation in bronchial epithelial cells, and
inhibition of lipopolysaccharide-induced airway inflamma-
tion was regarded as a promising strategy against asthma."”
USP8 attenuated lipopolysaccharide-induced neuroinflam-
mation and protected against neurodegenerative diseases."
Here, our results showed that overexpression of USP8
reduced the levels of TNF-q, IL-6, IL-1B, IL-4, and IFN-y in
lipopolysaccharide-treated BEAS-2B to suppress the airway
inflammation. NF-xB pathway has been shown to regulate
cell proliferation and apoptosis of airway smooth muscle
cells in asthma,? and blockade of NF-xB pathway reduced
ovalbumin-induced airway inflammation in the rat model
of asthma.?? USP8 interacted with transforming growth
factor-B-activated kinase-1, deubiquitinated the Ké3-linked
ubiquitination, and promoted the phosphorylation of NF-xB
inhibitor, IKKB, to facilitate the degradation and inacti-
vation of NF-xB."® Results in this study demonstrated that
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Figure 3 USP8 inhibited inflammatory response in lipopolysaccharide-treated BEAS-2B. (A) Overexpression of USP8 reduced the
mRNA expression of TNF-a, IL-6, IL-1p, IL-4, and IFN-y in lipopolysaccharide-treated BEAS-2B. (B) Overexpression of USP8 reduced
the protein expression of TNF-a, IL-6, IL-1p, IL-4, and IFN-y in lipopolysaccharide-treated BEAS-2B detected by ELISA. **, *** versus
control p < 0.01, p < 0.001. *, **, **" versus LPS + NC p < 0.05, p < 0.01, p < 0.001.

overexpression of USP8 inhibited lipopolysaccharide-in-
duced increase of NF-kB phosphorylation in BEAS-2B, thus
suppressing activation of NF-xB signaling in order to exert
a protective role against airway inflammation in asthma.
Pyroptosis is a programmed cell death mediated by
the activation of a member of the caspase family, namely,
caspase-1.23 Pyroptosis is implicated in respiratory diseases,
including asthma, through the promotion of excessive cell

death and inflammation.? Lipopolysaccharide induced
pyroptosis of bronchial epithelial cells,?® and suppression of
lipopolysaccharide-induced pyroptosis through downreg-
ulation of GSDMD-N, caspase-1, IL-1p, and IL-18, and con-
tributed to the anti-inflammatory effect against asthma.?
Downregulation of USP8 promoted the upregulation of
the markers of pyroptosis, such as NLRP3, pro-caspase-1,
cleaved Caspase-1, cleaved GSDMD-N, IL-1 B, and IL-18, thus
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Figure 4 USP8 suppressed the pyroptosis of lipopolysaccharide-treated BEAS-2B. Overexpression of USP8 downregulated the
protein expression of NLRP3, GSDMD-N, caspase-1, IL-1p, and IL-18 in lipopolysaccharide-treated BEAS-2B detected by western

blot. *** versus control p < 0.001. **, *** versus LPS + NC p < 0.01, p < 0.001.
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Figure 5 USP8 regulated PI3K/AKT and NF-kB pathways in lipopolysaccharide-treated BEAS-2B. (A) Overexpression of USP8
enhanced the phosphorylation of PI3K, AKT, and mTOR in lipopolysaccharide-treated BEAS-2B detected by western blot.
(B) Overexpression of USP8 reduced the phosphorylation of NF-kB in lipopolysaccharide-treated BEAS-2B detected by western
blot. *** versus control p < 0.001. *, " versus LPS + NC p < 0.05, p < 0.01.
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contributing to pyroptosis and M1 polarization during the
development of liver fibrosis.?¢ Our results indicated that
overexpression of USP8 attenuated lipopolysaccharide-in-
duced upregulation of NLRP3, GSDMD-N, caspase-1, IL-1p, and
IL-18 in BEAS-2B to suppress pyroptosis. NF-xB signaling also
regulated GSDMD-mediated pyroptosis,” and inhibition of
NF-xB signaling repressed NLRP3 inflammasome-dependent
pyroptosis.? Therefore, USP8 might have promoted inactiva-
tion of NF-kB signaling to suppress pyroptosis in asthma.

PI3K is a promising target for asthma,? and inhibition
of PI3K/AKT promoted airway inflammation in asthma.°
In addition, inhibition of USP8 reduced the expression of
p-AKT and p-PI3K to suppress tumor cell proliferation and
metastasis.>’32 Activation of PI3K/AKT signaling inhibited
Foxo1-mediated GSDMD expression, thus alleviating pyro-
ptosis.®® Our results showed that overexpression of USP8
attenuated lipopolysaccharide-induced decrease of PI3K
and AKT phosphorylation in BEAS-2B, suggesting that USP8
promoted activation of PI3K/AKT signaling to suppress
pyroptosis and airway inflammation in asthma.

In summary, USP8 exerted an anti-inflammatory effect
and suppressed pyroptosis in lipopolysaccharide-treated
BEAS-2B by activating PI3K/AKT signaling and inactivating
NF-xB signaling. USP8 might be a potential target for the pre-
vention of asthma. However, the role of USP in the animal
model of asthma should be investigated in further research.
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