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Knockdown of KIF23 alleviates the
progression of asthma by inhibiting

pyroptosis

Xingyu Rao,' Zicheng Lei," Huifang Zhu,' Kaiyuan Luo,' Chaohua Hu

ABSTRACT

Background Asthma is a chronic disease affecting the
lower respiratory tract, which can lead to death in severe
cases. The cause of asthma is not fully known, so exploring
its potential mechanism is necessary for the targeted
therapy of asthma.

Method Asthma mouse model was established with
ovalbumin (OVA). H&E staining, immunohistochemistry
and ELISA were used to detect the inflammatory response
in asthma. Transcriptome sequencing was performed to
screen differentially expressed genes (DEGs). The role of
KIF23 silencing in cell viability, proliferation and apoptosis
was explored by cell counting kit-8, EdU assay and flow
cytometry. Effects of KIF23 knockdown on inflammation,
oxidative stress and pyroptosis were detected by ELISA
and western blot. After screening KIF23-related signalling
pathways, the effect of KIF23 on p53 signalling pathway
was explored by western blot.

Results In the asthma model, the levels of caspase-3,
IgG in serum and inflammatory factors (interleukin (IL)-
1B, KC and tumour necrosis factor (TNF)-or) in serum

and bronchoalveolar lavage fluid were increased.
Transcriptome sequencing showed that there were 352
DEGs in the asthma model, and 7 hub genes including
KIF23 were identified. Knockdown of KIF23 increased cell
proliferation and inhibited apoptosis, inflammation and
pyroptosis of BEAS-2B cells induced by IL-13 in vitro.

In vivo experiments verified that knockdown of KIF23
inhibited oxidative stress, inflammation and pyroptosis

to alleviate OVA-induced asthma mice. In addition, p53
signalling pathway was suppressed by KIF23 knockdown.
Conclusion Knockdown of KIF23 alleviated the
progression of asthma by suppressing pyroptosis and
inhibited p53 signalling pathway.

INTRODUCTION

Asthma is a chronic disease affecting the
lower respiratory tract.' > The main manifes-
tations are airway swelling and inflammation,
and bronchospasm, which can lead to dysp-
noea.” Clinically, patients with asthma show
recurrent wheezing, chest tightness, cough
and shortness of b1reath,1 which can lead to
death in severe cases.” The cause of asthma is
not yet known, but asthma can be triggered
by many risk factors. Genetic factors greatly
increase the risk of asthma.* Common causes

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Pyroptosis plays an important role in asthma, and
the role of KIF23 in asthma is unknown.

WHAT THIS STUDY ADDS

= Knockdown of KIF23 alleviates asthma by inhibiting
pyroptosis.

HOW THIS STUDY MIGHT AFFECT RESEARCH,

PRACTICE OR POLICY

= This study provides a new target in the therapy of
asthma.

of asthma include respiratory virus infection,
particulate matter (PM) pollution, allergens
and stress.” Taking medications and avoiding
things that trigger asthma are common means
of controlling asthma. Therefore, exploring
its potential mechanism is necessary for the
targeted therapy of asthma.

Kinesin family member 23 (KIF23), also
known as MKLP-1, is involved in mitosis and
meiosis,”” and is crucial in the development
of human cancers.® Evidence has shown that
KIF23 interacts with Amerl to activate the
Wnt/B-catenin signalling pathway, contrib-
uting to gastric cancer development.’ Jin et
al find that elevated KIF23 can activate the
Wnt/B-catenin pathway, thereby promoting
colorectal cancer progression.10 In addition,
high expression of KIF23 is associated with
poor prognosis of pancreatic ductal adeno-
carcinoma, and knockdown of KIF23 inhibits
proliferation, which may be a potential target
for the treatment of pancreatic ductal adeno-
carcinoma.'' Inhibition of KIF23 alleviates
idiopathic pulmonary arterial hypertension
by inhibiting pyroptosis, and KIF23 may
regulate pyroptosis through PISK/AKT and
MAPK pathways.12 However, the mechanism
of KIF23-regulating asthma is not clear.

Pyroptosis is a type of programmed cell
death mediated by inflammasomes, which is
activated by caspases and cleaved GSDMD,
usually accompanied by the release of
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inflammatory factors. '3 Researchers have found that pyro-
ptosis is widespread in various respiratory diseases. Exces-
sive pyroptosis may cause airway inflammation and tissue
damage, triggering an inflammatory response that leads
to more severe damage and poor prognosis in respiratory
diseases.'* Caspase-11-mediated pyroptosis promotes the
progression of endotoxaemia-induced lung injury, which
is an important therapeutic target for acute lung injury.15
Inhibition of pyroptosis alleviates lung inflaimmation
and fibrosis progression induced by silica.'® Zhuang et
al have found that NLRP3-activated bronchial epithelial
pyroptosis aggravates airway inflammation in asthma.'”
However, the role of KIF23 in pyroptosis is uncharted in
asthma.

In our study, transcriptome sequencing was carried out
to screen the differentially expressed genes (DEGs) on
the mouse model of asthma. Afterwards, we explored
the role of KIF23 in asthma and its influence on cell
proliferation, apoptosis, inflammation, oxidative stress
and pyroptosis through in vitro and in vivo experiments.
Subsequently, p53 pathway was significantly enriched in
asthma by screening genes and the role of KIF23 in this
pathway was explored, which will provide a new target in
the therapy of asthma.

MATERIALS AND METHODS

Construction of asthma mouse model

BALB/c mice (6-7 weeks, 18-20¢g) were obtained from
SPF Biotechnology Co (Beijing, China) and randomly
grouped into control and OVA (ovalbumin) (n=6). In
OVA group, mice were injected intraperitoneally with
50pL aluminium hydroxide, 5pL 1% OVA and 70pL
phosphate-buffered saline (PBS) on the first day of
the experiment to conduct an asthma model. On the
7th—14th day, mice were nebulised with 1% OVA (0.1g
OVA, 10mL PBS) for about 1 hour.

Another 24 BALB/c mice (6-7 weeks, 18-20g, SPF)
were randomly divided into normal, control, lv-sh-NC
(injected with lentivirus encoding negative control
shRNA) and Iv-sh-KIF23 (injected with lentivirus
encoding Kif23 shRNA) on average. The lentiviral parti-
cles encoding Kif23 shRNA or negative control shRNA
(5.0x1071U, 100pL) were subcutaneously injected into
the shaved dorsal skin of the mice on the seventh day
before OVA nebulisation. Except the normal group, mice
in other three groups received 1% OVA to conduct the
asthma model. After the last day of atomisation, all mice
were anaesthetised by isoflurane inhalation and sacri-
ficed by cervical dislocation. Subsequently, mice were
intubated by tracheotomy, and part of the lung lobes was
perfused with pre-cooled PBS (0.5mL) for three consec-
utive times.'® Bronchoalveolar lavage fluid (BALF) was
collected and stored at —80°C for subsequent experi-
ments. In addition, serum and lung tissues were obtained
for following experiments. Partial lung tissues were taken
after perfusion for staining observation.

Patient and public involvement
None.

H&E staining

The lung tissue was fixed in paraformaldehyde solu-
tion (4%). The next day, the tissue was washed and
dehydrated gradiently with ethanol. Afterwards, the
tissue was embedded in paraffin. Paraffin slices were
then stained with H&E. Finally, the slices were dehy-
drated and sealed with neutral balsam.

Immunohistochemistry

Paraffin-embedded sections were dewaxed and rehy-
drated, and 10 mmol/L EDTA was used for antigen
repair. At room temperature, slices were incubated
with 0.3% H,O, to inactivate endogenous peroxi-
dase. After that, the samples were blocked with 3%
bovine serum albumin and incubated with anti-
caspase-3 (ab184787, 1:1000, Abcam, Cambridge,
USA) overnight at 4°C. Subsequently, the samples
were incubated with goat anti-rabbit secondary anti-
body (Abcam) at 37°C for 1hour. Then 5% DAB
staining solution was used for developing. After H&E
staining, the sections were decolourised, dehydrated
and sealed.

Enzyme-linked immunosorbent assay

The levels of IgG, mouse CXCL1/KC, interleukin
(IL)-18, IL-1B and tumour necrosis factor (TNF)-o
were evaluated by corresponding ELISA kits (Esebio,
Shanghai, China). Cell supernatant, serum and BALF
samples in each group were added into each well and
reacted with horseradish peroxidase (HRP)-labelled
detection antibody, and then the plate was incubated
for 60 min at 37°C. The liquid was removed, and the
plate was washed. Substrates A and B were added,
and the plate was incubated in the dark at 37°C for
15min. Total 50 pL. of stopping solution was added
to each well, and the optical density (OD) value was
measured at 450 nm within 15 min.

Transcriptome sequencing

Three lung tissue samples were taken from control and
model group for RNA sequencing (RNA-seq). TRIzol
was applied to extract total RNA from each sample.
Total 2pg of RNA per sample was taken to conduct
the sequencing libraries. Transcriptome sequencing
was performed on Illumina Novaseq 6000 sequencing
platform, and paired-end clean reads were aligned to
mm1l0 using HISAT2 V.2.0.5. Differential analysis of
gene expression was performed using DESeq, and
the screening condition of DEGs was set as llog,Fold-
Changel>1, p<0.05. The volcano map of DEGs was
plotted using the R language ggplots2. Biocluster
analysis of common DEGs was performed using the R
language Pheatmap package.
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Figure 1

Construction of asthma mouse model. (A) Experimental protocol of asthma mouse model induced by OVA.

(B) H&E staining (magnification: 200x, scale bar: 100 um). (C) Immunohistochemistry (IHC) was used to detect caspase-3
(magnification: 200x, scale bar: 100 um). (D) ELISA was performed to detect the level of IgG epitopes in the serum of mice.
(E) ELISA was performed to detect the expression level of inflammatory factors (KC, IL-13 and TNF-a) in serum of mice. (F)
ELISA was used to detect the levels of inflammatory factors (KC, IL-1f and TNF-o) in bronchoalveolar lavage fluid (BALF) of
mice. **P<0.01 vs normal (n=6). IL, interleukin; OVA, ovalbumin; TNF, tumour necrosis factor.

Functional analysis of DEGs

Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) analyses were
performed on DEGs by DAVID (https://david.
ncifcrf.gov/summary.jsp). Significance was set at
p<0.05. The degree of enrichment was measured
by Rich factor, false discovery rate value and the
number of genes enriched to GO term or KEGG
pathway. Bubble plots of GO and KEGG enrichment
were generated.

Analysis of hub genes

The DEGs and pyroptosis-related genes were plotted
by Venn diagram. The intersected common genes
were analysed by Cytoscape. The top six genes with
the highest score were selected and displayed.

Screen of signalling pathways

Genecard and Coxpresdb databases were performed
to screen the genes co-expressed with Kif23 in
asthma. KEGG enrichment of co-expressed genes was
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Figure 2 Analysis of differentially expressed genes (DEGs). (A) Volcano plot of DEGs. Top 20 upregulated and downregulated

DEGs were marked. (B) Cluster analysis of DEGs.

analysed by DAVID and bubble plot of KEGG enrich-
ment was drawn.

Real-time fluorescence quantitative PCR

TRIzol reagent (Invitrogen, USA) was used to extract
total RNA. The concentration of RNA was meas-
ured by ultraviolet spectrophotometer. The ratio of
OD260/0D280 was between 1.9 and 2.0, indicating
that the purity was high. The cDNA template was
synthesised by PCR amplification, and real-time fluo-
rescence quantitative PCR (RT-qPCR) was performed
using the ABI7500 quantitative PCR instrument
(Applied Biosystems, USA). The reaction conditions
were: 95°C pre-denaturation for 30s, 95°C denatura-
tion for 10s, 60°C annealing for 30s, 40 cycles. Gapdh
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was chosen as internal control. The obtained cycle
threshold value was analysed by 2**“ method. Primer

sequences were shown in online supplemental table
1.

Western blotting

Cells were treated with radioimmunoprecipitation
assay lysis buffer to isolate total proteins. Protein
concentration was inspected by Pierce BCA Protein
Assay Kit (Thermo Fisher Scientific, Waltham, Massa-
chusetts, USA). Proteins were separated by 10%
sodium dodecyl sulphate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) and then transferred to a
polyvinylidene difluoride membrane. The membrane
was sealed in 5% skim milk, and then incubated with
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Figure 3 GO and KEGG enrichment analysis of DEGs. (A) Bubble plot of GO enrichment analysis. (B) Bubble plot of KEGG
enrichment analysis. DEGs, differentially expressed genes; GO, Gene Ontology; IL, interleukin; KEGG, Kyoto Encyclopedia of

Genes and Genomes.

Rao X, et al. BMJ Open Respir Res 2024;11:6002089. doi:10.1136/bmjresp-2023-002089


https://dx.doi.org/10.1136/bmjresp-2023-002089
https://dx.doi.org/10.1136/bmjresp-2023-002089

Melk

Kif23

11 e

Trem1

wk

Relative expression of Melk
N W
1 1
s
Relative expression of Kif23
R ¢

T T
Normal OVA

Mki67

b

Relative expression of Mki67
D
1

1
Normal

Relative expression of TREM1
E-N
1

! T T
OVA Normal OVA

Hsp90aa1

Relative expression of Hsp90aa1
w
1

1 1
Normal OVA

T
Normal

T
OVA

Figure 4 Real-time fluorescence quantitative PCR detection of hub genes in lung tissues. **P<0.01 vs normal (n=6). OVA,

ovalbumin.

primary antibodies, including anti-KIF23 (ab174304,
1:1000, Abcam), anti-GSDMD (ab219800, 1:1000,
Abcam), anti-NLRP3 (ab263899, 1:1000, Abcam),
anti-ASC  (ab283684, 1:1000, Abcam), anti-p53
(ab32389, 1:1000, Abcam), anti-p21 (abl88224,
1:1000, Abcam), anti-BAX (ab32503, 1:1000, Abcam)
and anti-GAPDH (ab9485, 1:2000, Abcam), overnight
at 4°C. Afterwards, it was incubated with goat anti-
rabbit secondary antibody (Abcam) for 1hour at
room temperature. Finally, enhanced chemilumines-
cence solution was added for developing, and images
were captured on Tanon 5200 Chemiluminescent
Imaging System.

Cell culture and transfection

BEAS-2B cells (h023, iCell, Shanghai, China) were
cultured in RPMI-1640 medium (Hyclone, USA)
containing 10% fetal bovine serum (Gibco, USA) at
37°C, 5% CO,. Cells were divided into four groups:
normal; control; si-NC (cells were transfected with
negative control siRNA); si-KIF23 (cells were trans-
fected with KIF23 siRNA-1/2/3). siRNAs were synthe-
sised from Ribobio (Guangzhou, China). Except
the normal group, the other three groups of cells
were treated with IL-13 (10ng/mL) for 24 hours to
construct asthma cell model.

Cell counting kit-8 assay

Cell counting kit-8 (CCK-8) assay was used to detect
cell viability. BEAS-2B cells (1x10* cells/well) were
incubated in 96-well plates. After incubation for
24hours, 10pL of CCK-8 (Beyotime, Shanghai,

China) was added, and then the cells were incubated
for 2hours in the dark. Finally, the absorbance at
450 nm was determined by a microplate reader.

EdU assay

BEAS-2B cells were incubated in 96-well plates. The
experiment was performed following the instructions
of EAU kit (Beyotime). Subsequently, the nucleus was
restained with Hoechst 33, 342 (Beyotime). Results
were observed and then photographed under a fluo-
rescence microscope, and EdU positive cells were
calculated.

Flow cytometry

BEAS-2B cells were collected and washed with PBS.
Cells were suspended with 300 pL. of 1xbinding buffer.
Subsequently, 5 pL. of Annexin V-FITC was added and
cells were incubated in the dark at room tempera-
ture for 15min. Then, 5 pL of propidium iodide (PI)
solution was added to the cell suspension for fluores-
cence labelling. Apoptosis of cells was detected by a
flow cytometry.

Statistical analysis

All  statistical analyses were performed using
GraphPad Prism V.8.0 software. Data were expressed
as mean=SD. t-test was used for comparisons between
two groups, and one-way analysis of variance (ANOVA)
was used for comparisons between multiple groups.
Tukey’s multiple comparisons test was used for
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pairwise comparisons after ANOVA analysis. P<0.05
was considered statistically significant.

RESULTS
Establishment of asthma mouse model
Asthma mouse model was induced by OVA, and the
experimental process was shown in figure 1A. The
lung tissues of mice in both groups were taken for
H&E staining (figure 1B), showing that the alve-
olar tissue of mice in the normal group had a clear
structure and cellular hierarchy, the cells displayed
a uniform and organised arrangement, and inflam-
matory cell infiltration was not seen. Compared with
the normal group, there was a significant increase in
the number of inflammatory cells, with slightly disor-
dered cells, inconspicuous hierarchy, and condensed
and solidified nucleus in the OVA-induced asthma
group.

Immunohistochemistry was executed to detect
the expression of caspase-3 (figure 1C). The results

showed that there was a significant increase in
caspase-3-positive  colouring in the OVA group
compared with the normal group. The expression
of IgG and inflammatory factors in serum and BALF
was detected by ELISA (n=6), showing that compared
with the normal group, the levels of IgG and inflam-
matory factors (IL-1B, KC and TNF-a) in the serum
and BALF were significantly increased in the OVA-
induced asthma group (figure 1D-F).

Screening for DEGs and functional analysis

RNA-seq showed that there were 352 DEGs in the OVA-
induced asthma group compared with the normal
group, including 309 upregulated and 43 downreg-
ulated genes. The volcano plot and biocluster anal-
ysis of DEGs was drawn (figure 2A,B). Top 20 upreg-
ulated and downregulated DEGs were listed (online
supplemental table 2 and figure 2A). The top 20 GO
term entries with the most significant enrichment
were selected for display, including cell cycle, cell
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division, chromosome segregation, etc (figure 3A). In
addition, the top 20 KEGG pathways were enriched,
mainly including cell cycle, viral protein interaction
with cytokine and cytokine receptor, etc (figure 3B).

Analysis of hub genes

The Venn diagram of DEGs and pyroptosis-related
genes was drawn. The results showed that there were
11 common genes, including Mpegl, Cep55, Hsp90aal,
Treml, Tlr8, Kif23, Pifl, Melk, Mki67, Il1rn and Trem2
(online supplemental figure 1A). Top seven genes
with the highest score were displayed (online supple-
mental figure 1B). The levels of hub genes were
detected by RT-qPCR (n=6). Compared with the
normal group, the levels of Melk, Kif23, Treml, Mki67
and Hsp90aal were significantly increased in the
OVA-induced asthma group (p<0.01) (figure 4).

Knockdown of KIF23 promotes cell proliferation and inhibits
apoptosis in IL-13-induced BEAS-2B cells

KIF23 was knocked down in BEAS-2B cells, and the
silencing efficiency of KIF23 was detected by western
blot (WB) (figure 5A). Compared with the si-NC
group, the KIF23 protein was significantly reduced in
the si-KIF23 group (including si-KIF23-1, si-KIF23-2
and si-KIF23-3) (p<0.01). The si-KIF23-1 was chosen
for subsequent experiments, which had the best
silencing efficiency.

Cellviability, proliferation and apoptosis of BEAS-2B
cells in each group were detected by CCK-8, EAU assay
and flow cytometry, respectively, demonstrating that
compared with the normal group, the cell viability
and proliferation were significantly decreased in the
control and si-NC group, as well as the increased
apoptosis rate (p<0.01, figure 5B-D). Compared with
the si-NC group, si-KIF23 significantly promoted the
cell viability and proliferation, while inhibited apop-
tosis rate of cells (p<0.01, figure 5B-D).

Knockdown of KIF23 inhibits inflammation and pyroptosis in
IL-13-induced BEAS-2B cells
The expression levels of inflammatory factors in cells
were detected by ELISA (n=3), showing that compared
with the normal group, the levels of TNF-o, IL-18 and
IL-18 were significantly elevated in the control and
si-NC groups (p<0.01, figure 6A). Compared with
the si-NC group, si-KIF23 significantly decreased the
levels of TNF-o., IL-1B and IL-18 (p<0.01, figure 6A).
In addition, the levels of the key proteins of pyro-
ptosis, GSDMD, NLRP3 and ASC, were detected by
WB (n=3), illustrating that the levels of GSDMD
were significantly reduced in the control and si-NC
group compared with the normal group, as well as
the increased NLRP3 and ASC expression (p<0.01,
figure 6B). Compared with the si-NC group, GSDMD
expression was significantly elevated, and NLRP3
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Figure 7 Knockdown of KIF23 suppressed inflammation, oxidative stress and pyroptosis to alleviate asthma in OVA-induced
mice. (A) The schematic flow chart for mouse experiments. (B) RT-gPCR validation for KIF23 silencing efficiency. (C) H&E
staining of lung tissues (magnification: 200x, scale bar: 100 um). (D) ELISA detection of IgG level in mouse serum. (E) ELISA
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and ASC were significantly decreased in the si-KIF23
group (p<0.01, figure 6B).

Knockdown of Kif23 inhibits oxidative stress, inflammation
and pyroptosis in OVA-induced mice

In vivo experiments were carried out to evaluate the
effects of Kif23 knockdown on the OVA-induced mice
(n=6), and the schematic flow chart was displayed in

figure 7A. RT-qPCR demonstrated that Kif23 was success-
fully silenced in the Iv-sh-KIF23 group, and lv-sh-KIF23-1
with the best silencing efficiency was chosen for following
experiments (figure 7B). H&E staining was performed
on the lung tissues of mice, demonstrating that compared
with Iv-sh-NC, knockdown of Kif23 significantly reduced
the number of inflammatory cells in the alveolar
tissue of OVA-induced mice, with neatly arranged cells
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(figure 7C). In addition, IgG level, oxidative stress (MDA,
GSH and SOD) and inflammatory factors (TNF-a, IL-13
and IL-18) in BALF were detected by ELISA, manifesting
that knockdown of Kif23 inhibited oxidative stress and
inflammation in OVA-induced mice, while reduced the
IgG level (p<0.01, figure 7D-F).

The expression levels of pyroptosis-related proteins in
mouse lung tissues were detected by WB, demonstrating
that compared with the normal group, there was a lower
GSDMD level and higher NLRP3 and ASC levels in the
control group, while knockdown of Kif23 weakened the
phenomenon in OVA-induced mice (p<0.01, figure 7G).

Knockdown of KIF23 inhibits p53 signalling pathway in IL-13-
induced BEAS-2B cells

A total of 64 genes co-expressed with KIF23 in asthma
were counted by Genecard and Coxpresdb databases
(figure 8A). After KEGG enrichment analysis, bubble
plot of KEGG analysis was drawn (figure 8B), in which
pb3 signalling pathway was significantly enriched. The
expression levels of p53, p21 and BAX in each group
were detected by WB (n=3), showing that compared with
the normal group, the expression level of p53, p21 and
BAX in the control and si-NC groups was significantly
increased (p<0.01), and the expression levels of p53, p21

and BAX in the si-KIF23 group were significantly lower
than those in the si-NC group (p<0.01, figure 8C).

DISCUSSION

Asthma is one of the most common chronic non-
communicable diseases all over the world."” * Tts
morbidity and mortality have improved significantly over
the past 15 years.”” However, the treatment is still insuf-
ficient. In this paper, the key gene Kif23 was obtained
by transcriptome analysis, and the regulatory effect of
KIF23 was verified through the cell and mouse experi-
ments. We found that knockdown of Kif23 significantly
promoted cell proliferation, inhibited apoptosis in the
asthma cell model, while inhibited inflammation, oxida-
tive stress and pyroptosis in vivo. Through bioinformatics
analysis, the p53 signalling pathway and ferroptosis were
enriched. It was proven that knockdown of KIF23 inhib-
ited pb3 signalling pathway and alleviated the progres-
sion of asthma by suppressing pyroptosis, providing a
potential target for the therapy of asthma.

Through RNA-seq, hub genes, Melk, Kif23, Trem1, Mki67
and Hsp90aal, were identified by protein-protein inter-
action (PPI) network, indicating that they were closely
in connection with the progression of asthma. Studies
have reported that AURKA, MELK and TOP2A are key
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genes in the pathogenesis of lung adenocarcinoma, and
the high level of MELK is associated with the poor prog-
nosis of lung adenocarcinoma.”' Activation of TREM-1
can mediate mTOR-dependent mitochondrial fission
and promote necroptosis of macrophages, thereby exac-
erbating acute lung injury.”” Moreover, TREM-1 aggra-
vates pulmonary fibrosis by aggravating senescence of
mouse alveolar epithelial cells.”> MKI67 is associated with
cell proliferation and is a prognostic marker for multiple
cancers, such as breast cancer.?! Hachim et al have anal-
ysed hub genes associated with asthma and 10 hub genes
including MKI67 are identified, finding that MKI67 is
significantly upregulated in asthmatic bronchial epithe-
lium and can be used as a reliable marker for asthma
control.”” HSP90AAL1 is identified as one of the hub
genes related to alveolar epithelial cell injury and may be
involved in the progression of pulmonary acute respira-
tory distress syndrome.*

Currently, pyroptosis has become a research focus.
Evidence has proved that pyroptosis can accelerate
tumour proliferation, migration and invasion in cancer,27
and is widely present in a variety of respiratory diseases.
Schisandrin B restrains NLRP3 inflammasome activation
and inhibits pyroptosis to alleviate airway inflammation
and airway remodelling in asthma.” Targeting HDAC6
attenuates macrophage pyroptosis through the NF-xB/
NLRP3 pathway and alleviates nicotine-induced athero-
sclerosis.” Wang et al have proved that IL-35 can inhibit
inflammation and pyroptosis in TNF-o-induced bron-
chial epithelial cells, and it is found that the inhibition of
pyroptosis can be achieved by suppressing the p38 MAPK
pathway, thereby alleviating asthma.” Substance P, an
11 amino acid neuropeptide, activates the PI3K/AKT/
NF-xB pathway, which triggers pyroptosis and leads to
exacerbation of bronchial asthma.” In our study, knock-
down of KIF23 significantly reduced the level of inflam-
matory factors, oxidative stress and pyroptosis in vivo and
in vitro, while increased cell proliferation, indicating that
knockdown of KIF23 inhibited inflammation and pyro-
ptosis to alleviate asthma.

Tumour suppressor pb3 is a transcription factor, which
can inhibit cell proliferation or induce apoptosis.”® Defi-
ciency of the repressor element l-silencing transcription
factor contributes to pb53-mediated cochlear cell apop-
tosis, leading to deafness.®® Fortilin, an anti-p53 mole-
cule, inhibits p53 to prevent cardiomyocyte apoptosis,
protecting the heart from heart failure.* Furthermore,
in bronchial epithelial cells, BMAL1/p53 mediates auto-
phagy to exacerbate asthma induced by PM2.5.*° In
addition, the p53 pathway can also mediate pyroptosis
to affect the development of several diseases. In clear
renal cell carcinoma, silencing linc00023 significantly
inhibits pyroptosis by regulating p53.” In non-small cell
lung cancer, p53 inhibits tumour growth by promoting
pyroptosis of cancer cells.”” In previous study, KIF23 has
been identified as a novel transcriptional target gene of
p53,% which is similar to our results; knockdown of KIF23
significantly decreased the expression of p53, p21 and

BAX, indicating that knockdown of KIF23 may inhibit
the pb3 signalling pathway. Like pyroptosis, apoptosis is
also a programmed cell death mechanism.” The regula-
tion of cell death is particularly important in the lungs.
It is well-known that p53 can lead to apoptosis,”’ and
apoptosis is proved to play a substantial role in asthma.*!
Studies have found that apoptosis of bronchial cells can
promote airway damage, especially in patients with severe
asthma.”” ¥ Sesamin suppresses mitophagy and mito-
chondrial apoptosis to mitigate airway inflammation in
asthma.** Similar to previous studies, in our study, knock-
down of KIF23 significantly inhibited apoptosis and p53
signalling pathway in IL-13-induced BEAS-2B cells.

In conclusion, both in vivo and in vitro experiments
have proved that knockdown of KIF23 significantly
inhibits inflammation, apoptosis, oxidative stress and
pyroptosis, suggesting that KIF23 knockdown has the
potential to alleviate the progression of asthma, as well as
inhibit the p53 signalling pathway. However, it is not clear
whether KIF23 affects pyroptosis through p53 signalling
pathway in asthma, which still needs to be further exca-
vated in future studies.
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