MOLECULAR MEDICINE REPORTS 20: 2021-2029, 2019

Knockdown of the IncRNA MALAT]1 alleviates
lipopolysaccharide-induced A549 cell injury
by targeting the miR-17-5p/FOXA1 axis
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Abstract. Long-noncoding RNAs (IncRNAs) are crucial
for the pathophysiology of acute lung injury (ALI).
Metastasis-associated lung adenocarcinoma transcript 1
(MALATI1) suppresses inflammatory responses via
microRNA (miR)-146a in lipopolysaccharide (LPS)-induced
ALI. However, the molecular mechanisms underlying the
MALATI1-mediated regulation of cell proliferation and apop-
tosis in LPS-induced ALI remain unclear. In the present study,
it was found that LPS treatment upregulated MALAT1 expres-
sion and suppressed the proliferation of A549 cells. MALAT1
knockdown significantly promoted the proliferation and G1/S
phase transition and inhibited apoptosis in LPS-treated A549
cells. In addition, miR-17-5p was a direct target of MALATI.
miR-17-5p expression was downregulated and FOXA1 expres-
sion was upregulated in LPS-treated A549 cells. Further,
MALATI knockdown promoted miR-17-5p expression and
inhibited FOXA1 expression, whereas the combined suppres-
sion of MALAT1 and miR-17-5p induced FOXA1 expression.
Moreover, miR-17-5p knockdown reversed the effects of
MALAT1 suppression on LPS-induced A549 cell proliferation.
These results indicated that MALAT] serves as a competing
endogenous IncRNA that, by sequestering miR-17-5p, stimu-
lates FOX A1 expression and mediates LPS-induced A549
cell injury. In conclusion, the present study demonstrated
that MALAT1 knockdown alleviates LPS-induced A549 cell
injury by targeting the miR-17-5p/FOXAL1 axis.
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Introduction

Acute lung injury (ALI) and its severe form, acute respiratory
distress syndrome, are serious and potentially life-threatening
syndromes (1). Despite the tremendous advancement in the
prevention and treatment of ALI, no effective therapeutic
regimen is available, and the mortality rate remains as high as
40% (2). Therefore, it is important to improve understanding
of the pathophysiology of ALI in order to develop effective
strategies for its prevention and treatment.

Long-noncoding RNAs (IncRNAs) provide new insights
into the pathogenesis of ALI, and may serve as novel thera-
peutic agents. Recent studies have reported that the IncRNAs
lincRNA-p21, cancer susceptibility 2 and H19 imprinted
maternally expressed transcript regulate lipopolysaccharide
(LPS)-induced ALI (3-5). The IncRNA metastasis-associated
lung adenocarcinoma transcript 1 (MALAT1) was first
reported as a prognostic marker of metastasis in lung cancer (6).
MALATI1 was found to be aberrantly expressed in
high-glucose-induced podocyte injury (7) and LPS-induced
acute kidney injury (8). In addition, MALAT1 was shown to
suppress the inflammatory responses in LPS-induced ALI by
regulating microRNA-146 (miRNA/miR-146a) (9). However,
the mechanisms underlying the effects of MALAT1 on cell
proliferation and apoptosis in LPS-induced ALI remain
unclear.

LncRNAs act as competing endogenous RNAs (ceRNAs)
and modulate the expression and biological functions of
miRNAs (10). miRNAs such as miR-126-5p and miR-181a are
central regulators involved in the pathogenesis of ALI (11,12).
The expression of miR-17-5p was found to be inhibited in
LPS-induced ALI, whereas miR-17-5p overexpression was
shown to counteract the effects of LPS through the inhibition
of forkhead box Al (FOXAI) expression (13). FOXAL is a
member of the winged-helix family of transcription factors
and shares structural similarities with FOXA2 and FOXA3.
Song et al (14) reported that the overexpression of FOXA1
promoted pulmonary epithelial cell apoptosis in ALI. Whether
MALAT]I acts as a ceRNA for the miR-17-5p/FOXAL1 axis,
consequently regulating cell proliferation and apoptosis, in
LPS-induced A549, remains unclear.
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In the present study, the expression of MALATI1 was
evaluated in LPS-induced A549 cells and its role in cell prolif-
eration, cell cycle progression and apoptosis was investigated.
The regulatory action of MALATI in LPS-induced ALI was
also explored.

Materials and methods

Cell culture and transfection. The A549 cell line was
purchased from the Cell Bank of Type Culture Collection
of Chinese Academy of Sciences. Cells were cultured in
DMEM (Gibco; Thermo Fisher Scientific, Inc.) supplemented
with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) and
1% penicillin-streptomycin. Cells were maintained at 37°C
in a 5% CO, atmosphere. The following small interfering
RNAs (siRNAs) and miRNA inhibitors were purchased
from Guangzhou RiboBio Co., Ltd.: si-MALATI1 (5'-CAA
GCAGACAGCCCGTGCTGCTT-3"), si-negative control
(si-NC; 5'"TTCTCCGAACGTGTCACGTTT-3"), miR-17-5p
inhibitor (5'-GATGGACGTGACATTCGTGAAAC-3")
and negative control inhibitor (NC inhibitor; 5'-TTCTCC
GAACGTGTCACGTTT-3"). The FOXA1-coding sequence
including Xhol and Xba 1 restriction sites was chemically
synthesized by Genewiz, Inc. and cloned into pcDNA 3.1
(ov-FOXAT1; Promega Corporation). The empty pcDNA 3.1
plasmid served as a negative control (ov-NC). A549 cell
(2x103 cells/well) were transfected with 50 nM si-MALATI,
50 nM si-NC, 50 nM miR-17-5p inhibitor, 50 nM NC inhib-
itor, 1 ug/ul ov-FOXA1 and/or 1 pug/ul ov-NC using 1 ul
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.), according to the manufacturer's instructions. At 48 h
after transfection, cells were treated with 1 yg/ml LPS for
24 h. The concentration of LPS used was selected based on
previous reports (13,15).

Reverse transcription-quantitative PCR (RT-qPCR).
Total RNA was isolated from cells using TRIzol reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) and subjected
to RT using an ImProm-II™ Reverse Transcription System
(Promega Corporation). The conditions of RT were 30°C for
10 min and 42°C for 60 min, followed by 85°C for 10 min.
gPCR was performed using the SYBR® Premix ExTaq™ II
kit (Takara Biotechnology Co., Ltd.) on a 7500 Real-Time
PCR System (Applied Biosystems; Thermo Fisher Scientific,
Inc.). qPCR thermocycling conditions were as follows:
Denaturation at 95°C for 10 min, followed by 40 cycles at 95°C
for 15 sec and 65°C for 32 sec. The relative expression levels
of mRNA/IncRNA and miRNA were calculated using the
2244 method (16). GAPDH and U6 served as reference genes.
The sequences of primers were as follows: MALAT1, forward
5'-GATAAATTTAAACCTGAAAA-3' and reverse 5-ATC
TTGTTTCTATCTTCCAA-3"; miR-17-5p, forward 5'-ACA
CTCCAGCTGGGCAAAGTGCTTACAGTGC-3' and reverse
5'-CTCAACTGGTGTCGTGGA-3"; FOXAL, forward 5-CCT
CTTCCCCTATTACCGGC-3' and reverse 5-GTCCGGGGA
GCGTGCCACCT-3"; U6, forward 5-CTCGCTTCGGCA
GCACA-3' and reverse 5-"AACGCTTCACGAATTTGCGT-3";
GAPDH, forward 5-GCTCATTTGCAGGGGGGAG-3' and
reverse 5'-GTTGGTGGTGCAGGAGGCA-3'. All reactions
were performed in triplicate.
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Cell proliferation assay. Cell proliferation was assessed
using the CellTiter 96® AQueous One Solution Cell
Proliferation Assay (MTS, Promega). Briefly, transfected
cells were seeded in three duplicates at a density of
1x10* cells/well in a 96-well plate in 100 gl culture medium
containing 10% FBS and incubated for various time points
(0, 24, 48 and 72 h) following 1 pg/ml LPS treatment. After
incubation, 20 ul MTS was added to each well and the cells
were incubated for 2 h at 37°C and 5% CO, in the dark. The
optical density at 490 nm was measured using a microplate
absorbance reader.

Cell cycle analysis. Cell cycle assays were performed using
the Cell Cycle Detection kit (Nanjing Keygen Biotech Co.,
Ltd.). Briefly, 1x10° cells were collected, rinsed twice with
PBS and collected by centrifugation at 800 x g for 5 min
at 4°C. The cell pellet was resuspended in ice-cold 70%
ethanol and stored at 25°C for 2 h. The cells were collected
by centrifugation at 800 x g for 5 min at 4°C, washed twice
with cold PBS, and 100 yl RNase A was added to resuspend
the cell pellet; the mixture was incubated at 37°C for 30 min.
Subsequently, 400 ul propidium iodide (PI) was added and
incubated at 4°C for 30 min in the dark. The PI signal was
detected using a BD caliber flow cytometer (BD Biosciences).
The population of cells in G,, S and G, phases is expressed as
the percentage of total gated cells which analyzed by FlowJo
software (version 10.5.3, FlowJo LLC).

Apoptosis assay. Apoptotic cells were quantified using the
Annexin V-FITC/PI Apoptosis Detection kit (Nanjing Keygen
Biotech Co., Ltd.). Briefly, cells were harvested, washed twice
with ice-cold PBS and resuspended in 500 pl binding buffer.
The cells were then incubated with 5 ul Annexin V-FITC
and 5 ul PI, incubated for 15-20 min in the dark at 25°C, and
analyzed with FlowJo software using a BD FACSCalibur™
flow cytometer (BD Biosciences).

Western blot analysis. Cells were collected and lysed in
RIPA buffer (Thermo Fisher Scientific, Inc.) supplemented
with a protease inhibitor (Thermo Fisher Scientific, Inc.).
The protein concentration was measured using a bicincho-
ninic acid protein assay kit (Thermo Fisher Scientific, Inc.).
Equal amounts of total protein (20 ug) were separated by
10% SDS-PAGE and transferred onto a PVDF membrane.
Membranes were blocked with PBS containing 10% non-fat
dry milk overnight at 4°C. After blocking, the membranes were
incubated with primary antibodies against FOXA1 (1:2,000;
cat. no. sc-101058; Santa Cruz Biotechnology, Inc.) or GAPDH
(1:5,000; cat. no. 97166; Cell Signaling Technology, Inc.) at
4°C overnight, washed three times and incubated with a horse-
radish peroxidase-conjugated secondary antibody (1:20,000;
cat. no. 1036-05; SouthernBiotech) for 2 h at 25°C. Proteins
were visualized using an ECL substrate kit (GE Healthcare)
and an ECL detection system (GE Healthcare). Image-Pro
Plus 6.0 software (Media Cybernetics, Inc.) was used to quan-
tify relative protein densities. GAPDH was used as a loading
control.

Luciferase reporter assay. miRNAs that interacted with the
MALATI sequence were predicted by LncBase Predicted
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Figure 1. LPS treatment (1 xg/ml) promotes the expression of MALAT], induces apoptosis and inhibits proliferation of A549 cells. (A) Proliferation of A549
cells treated with 1 yg/ml LPS was analyzed at 24, 48 and 72 h. (B) Cell cycle analysis of A549 cells treated with 1 yg/ml LPS using flow cytometry at 24 h.
(C) The level of apoptosis in LPS-treated A549 cells was analyzed using flow cytometry at 24 h. (D) MALAT1 expression in 1 pg/ml LPS-treated A549 cells

was analyzed using reverse transcription-quantitative PCR after 24 h. "P<0.05, “P<0.01,
lung adenocarcinoma transcript 1; OD, optical density; LPS, lipopolysaccharide.

v.2 software (http://carolina.imis.athena-innovation.gr/diana_
tools/web/index.php?r=Incbasev2%2Findex-predicted) (17)
and miRcode version 11 (http://www.mircode.org/). The
wild-type (WT) or mutant (MUT) MALATI containing the
putative target site for miR-17-5p were chemically synthesized
by Genewiz, Inc. and subcloned into the psiCHECK2 vector
(Promega Corporation) to analyze the interaction between
MALATI1 and miR-17-5p. miR-17-5p mimics or inhibitors
were co-transfected with the psiCHECK2-WT-MALATI1 or
MUT-MALATI vector. Luciferase activity was measured
48 h after transfection using the Dual-Luciferase Reporter

s

P<0.001 vs. respective control. MALAT1, metastasis-associated

Assay System (Promega Corporation), according to the manu-
facturer's instructions. The ratio of firefly luciferase to Renilla
luciferase activity was calculated.

Statistical analysis. Statistical analyses were conducted using
the SPSS version 19.0 (IBM Corp). Each experiment was
replicated three times. Data are presented as the mean + SD.
Differences between two groups were assessed using the inde-
pendent sample t-test. Multiple groups were compared using
one-way ANOVA followed by Tukey's post-hoc test. P<0.05
was considered to indicate a statistically significant difference.
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Figure 2. MALAT1 knockdown reverses LPS-induced A549 cell proliferation, inhibition of G,/S phase transition and apoptosis. A549 cells transfected
with si-MALAT1 or si-NC at 48 h were induced with 1 zg/ml LPS for 24 h. (A) RT-qPCR analysis of MALAT] expression in A549 cells after si-MALATI1
or si-NC transfection at 24 h. (B) RT-qPCR analysis of MALAT1 expression in 1 yg/ml LPS-treated A549 cells after si-MALAT]1 or si-NC transfection at
24 h. (C) Proliferation was assessed in A549 cells treated with 1 yg/ml LPS and transfected with si-MALAT1 or si-NC at 24, 48 and 72 h. (D) Cell cycle
analysis of A549 cells treated with 1 #g/ml LPS and transfected with si-MALAT]1 or si-NC using flow cytometry at 24 h. (E) Apoptosis in A549 cells treated
with 1 pg/ml LPS and transfected with si-MALAT]1 or si-NC using flow cytometry at 24 h. "P<0.05, “P<0.01, ““P<0.001 vs. respective controls. RT-qPCR,
reverse transcription-quantitative PCR; MALAT1, metastasis-associated lung adenocarcinoma transcript 1; si, small interfering RNA; NC, negative control;

LPS, lipopolysaccharide; OD, optical density; PI, propidium iodide.

Results

LPS promotes MALATI expression and apoptosis, and inhibits
the proliferation of A549 cells. To explore the molecular mech-
anism underlying ALI, A549 cells were treated with 1 yg/ml
LPS to simulate ALI. It was found that LPS treatment of A549
cells significantly inhibited their proliferation, arrested them at
the G,/S phase checkpoint and promoted apoptosis (Fig. 1A-C).
In addition, treatment with 1 yg/ml LPS significantly enhanced
MALATTI expression in A549 cells (Fig. 1D).

Knockdown of MALATI reverses the LPS-induced effects
on proliferation and apoptosis in A549 cells. To investigate

the biological role of MALATI on proliferation and apop-
tosis in LPS-treated cells, A549 cells were transfected with
si-MALAT1 for 48 h and treated with or without 1 gg/ml LPS
for 24 h. RT-qPCR results revealed that MALAT]1 expres-
sion was significant reduced in A549 cells transfected with
si-MALAT1 compared with control cells, with or without
1 ug/ml LPS treatment (Fig. 2A and B). Knockdown of
MALATI1 promoted the proliferation, G,/S phase transition and
suppressed apoptosis in LPS-treated A549 cells (Fig. 2C-E).
Thus, MALAT1 knockdown reversed the effects of LPS.

MALATI directly targets miR-17-5p to regulate FOXAI
expression in LPS-treated A549 cells. LncBase Predicted
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Figure 3. MALAT1 directly targets miR-17-5p to regulate miR-17-5p and FOX A1 expression. (A) The predicted binding sites between MALAT1 and miR-17-5p.
(B) A luciferase reporter assay was conducted to detect luciferase activity after co-transfection of A549 cells with WT-MALAT1 or MUT-MALAT1 and
miR-NC, miR-17-5p mimic or miR-17-5p inhibitor. (C) miR-17-5p expression in 1 ug/ml LPS-treated A549 cells was measured using RT-qPCR analysis at
24 h. (D) mRNA and (E) protein levels of FOXA1 in 1 pg/ml LPS-treated A549 cells were measured using RT-qPCR and western blotting, respectively, at
48 h. (F) miR-17-5p expression in 1 yg/ml LPS-treated A549 cells transfected with si-MALAT1 was measured using RT-qPCR at 24 h. FOXA1 (G) mRNA
and (H) protein levels in 1 yg/ml LPS-treated A549 cells transfected with si-MALAT1 were measured using RT-qPCR and western blotting, respectively, at

ke

24 h. 7"P<0.001. RT-qPCR, reverse transcription-quantitative PCR; miR, microRNA; WT, wild-type; MALAT1, metastasis-associated lung adenocarcinoma
transcript 1; MUT, mutant; LPS, lipopolysaccharide; FOXA1, forkhead box Al; si, small interfering RNA; NC, negative control.

v.2 and miRcode analysis allowed for the identification
of a putative miR-17-5p-binding site in the MALATI1
sequence (Fig. 3A). To determine if miR-17-5p is a direct
target of MALATI1, a dual-luciferase reporter assay
was performed. miR-17-5p overexpression significantly
decreased the WT-MALATI-associated luciferase activity,
whereas miR-17-5p inhibition significantly increased the
WT-MALATI1-associated luciferase activity. However,
miR-17-5p overexpression or inhibition had no effect
on the luciferase activity of MUT-MALATI1 (Fig. 3B).
Furthermore, 1 ug/ml LPS treatment for 24 h signifi-
cantly inhibited the expression of miR-17-5p (Fig. 3C)
and promoted the expression of FOXA1 (Fig. 3D and E).
MALATI1 knockdown significantly increased the expres-
sion levels of miR-17-5p (Fig. 3F) and decreased FOXA1
(Fig. 3G and H) in A549 cells after 24 h exposure to
LPS. These findings indicated that MALAT1 knockdown

reversed the LPS-induced effects on miR-17-5p and FOXA1
expression in A549 cells.

miR-17-5p inhibition reverses the effects of MALATI knock-
down on proliferation, cell cycle progression and apoptosis in
LPS-treated A549 cells. To further investigate the effects of
MALATI1 on LPS-treated A549 cells, the action of miR-17-5p
expression was suppressed using a specific inhibitor. RT-qPCR
results revealed that miR-17-5p expression was significantly
reduced in cells transfected with the miR-17-5p inhibitor
compared with the NC inhibitor (Fig. 4A). RT-qPCR results
also revealed that miR-17-5p expression was significantly
reduced in cells co-transfected with si-MALAT1 and
miR-17-5p inhibitor, compared with cells co-transfected with
si-MALATI1 and NC inhibitor, in A549 cells treated with or
without 1 yg/ml LPS (Fig. 4B and C). Both the mRNA and
protein levels of FOXA1 were significantly increased by
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miR-17-5p inhibitor (Fig. 4D and E). miR-17-5p inhibition
also significantly inhibited cell proliferation (Fig. 5SA) and
G,/S phase transition (Fig. 5B and C), and promoted apoptosis
(Fig. 5D and E), thus reversing the effects of si-MALATI on
the LPS-treated A549 cells.

FOXAI overexpression reverses the effects of MALATI
knockdown on proliferation, cell cycle progression and
apoptosis in LPS-treated A549 cells. A549 cells were
co-transfected with si-MALATI1 and ov-FOXAT1 for 48 h,
and then treated with 1 yg/ml LPS for 24 h to investigate
the effect of FOXA1 on MALATI expression. Western blot
analysis showed that the protein expression levels of FOXA1
were significantly increased in cells transfected with
ov-FOXA1 compared with those transfected with ov-NC
(Fig. 6A). Results from western blotting analysis also showed
that the protein expression levels of FOXAI significantly
increased in A549 cells co-transfected with si-MALATI1
and ov-FOXA1, compared with those co-transfected with
si-MALATI1 and ov-NC, in cells with or without 1 pyg/ml
LPS treatment (Fig. 6B and C). Furthermore, FOXA1 over-
expression significantly inhibited cell proliferation (Fig. 7A)
and G1/S phase transition (Fig. 7B and C), and promoted

apoptosis (Fig. 7D and E), thus reversing the effects of
si-MALAT1 on LPS-treated A549 cells.

Discussion

LncRNAs have an important role in the pathophysiology of
various human diseases, including ALI (18). MALAT]I is
known to modulate inflammatory responses via miR-146a
in LPS-induced ALI (9). However, the molecular mecha-
nism underlying the MALAT1-mediated regulation of cell
proliferation and apoptosis in this disease remains unclear.
In the present study, it was found that LPS treatment mark-
edly upregulated the expression of MALATI, suppressed
proliferation, and promoted cell cycle arrest and apoptosis
in A549 cells. MALAT1 knockdown reversed these effects.
In addition, miR-17-5p as identified as a direct target of
MALATI. The knockdown of miR-17-5p reversed the effects
of MALAT1-mediated suppression on proliferation, cell cycle
progression and apoptosis in LPS-treated A549 cells. These
data revealed that the MALAT1/miR-17-5p/FOXA1 axis
underlies LPS-induced A549 cell injury.

MALAT]I has an important role in cell proliferation and
apoptosis. Previous studies have revealed that the upregulation
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Figure 5. Knockdown of miR-17-5p significantly reverses the inhibitory effects of si-MALAT]1 on proliferation, G,/S phase transition and apoptosis in A549
cells treated with 1 ug/ml LPS. A549 cells co-transfected with si-MALAT1 and miR-17-5p inhibitor (or NC inhibitor) were induced with 1 yg/ml LPS for
24 h. (A) The effects of miR-17-5p inhibition on cell proliferation were analyzed at 24,48 and 72 h. The effects of miR-17-5p knockdown on cell cycle progres-
sion were analyzed using flow cytometry at 24 h. (B) Quantification of cell cycle analysis and (C) a representative cell cycle plot. The effects of miR-17-5p
knockdown on apoptosis were analyzed using flow cytometry at 24 h. (D) Quantification of apoptosis and (E) a representative flow cytometry plot. "P<0.05,
“P<0.01, ""P<0.001 vs. respective control. LPS, lipopolysaccharide; MALAT]1, metastasis-associated lung adenocarcinoma transcript 1; miR, microRNA;
si, small interfering RNA; NC, negative control; PI, propidium iodide.
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Figure 6. FOXAL1 expression is significantly increased in A549 cells transfected with ov-FOXA1 at 48 h. (A) Transfection of A549 cells with ov-FOXAI
increased MALAT1 expression. Cells were co-transfected with si-MALAT! and ov-FOXA1 then treated (B) without or (C) with 1 yg/ml LPS for 24 h.
“"P<0.001. ov, overexpression plasmid; NC, negative control; FOXA1, forkhead box Al; si, small interfering RNA; MALAT]1, metastasis-associated lung
adenocarcinoma transcript 1; LPS, lipopolysaccharide.

of MALATI in LPS-treated cells inhibits cell proliferation, rats and that the knockdown of MALATI1 attenuated this
and promotes apoptosis and proinflammatory cytokine expres-  inflammatory response. Li ef al (20) reported that suppres-
sion, in acute kidney injury and neonatal respiratory distress  sion of MALAT]1 expression alleviates ALI. Consistent with
syndrome (8,19). Dai et al (9) revealed that MALAT1 expres-  these findings, the present study observed that LPS treatment
sion was upregulated in the lung tissues of LPS-induced ALI  upregulated MALAT]1 expression, suppressed proliferation
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Figure 7. FOX A1 overexpression significantly reverses the inhibitory effects of si-MALATI on proliferation, G,/S phase transition and apoptosis in A549 cells
treated with 1 yg/ml LPS. A549 cells were co-transfected with si-MALAT]1 and ov-FOXAT1 (or ov-NC) then treated with 1 yg/ml LPS for 24 h. (A) The effects
of FOXALI overexpression on cell proliferation were analyzed at 24,48 and 72 h. B and D: The effects of FOXA1 overexpression on cell cycle were analyzed
with flow cytometry at 24 h. (B) Quantification of cell cycle analysis and (C) a representative cell cycle plot. C and E: The effects of FOXA1 overexpression
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and promoted apoptosis in A549 cells. Moreover, MALAT1
knockdown promoted cell proliferation and G,/S phase transi-
tion, and inhibited apoptosis of LPS-treated A549 cells. These
results showed that the knockdown of MALATI alleviated
LPS-induced A549 cell injury through the restoration of cell
proliferation and prevention of apoptosis. These findings,
along with those reported by Dai et al (9), demonstrate the
regulatory function of MALAT1 in multiple processes of ALI,
including proliferation, cell cycle progression, apoptosis and
inflammatory responses.

MALAT]I serves as an endogenous miRNA sponge and
negatively regulates miRNA expression. Previous studies
have demonstrated that MALAT1 functions as a ceRNA by
sequestering miR-19b, miR-199b and miR-146a to regulate
LPS-induced murine chondrogenic cell inflammatory injury,
acute spinal cord injury, and LPS-induced acute kidney injury,
respectively (8,21,22). Dai et al (9) found that MALATI1
knockdown attenuated inflammatory responses by sequestering
miR-146a in ALL In the present study, miR-17-5p was identi-
fied as a novel potential target of MALAT1 by bioinformatic
analyses. The results of a luciferase reporter assay demonstrated
the direct interaction between MALAT1 and miR-17-5p, indi-
cating that miR-17-5p is a direct target of MALAT1. A previous
study reported a marked increase in the expression of miR-17-5p
in LPS-induced nasal epithelial cells, which was related to the
SMAD7-dependent increase in the severity of LPS-induced nasal
epithelial cell injury (23). miR-17-5p downregulation causes
FOXAL1 overexpression and promoted alveolar type II epithelial
cell apoptosis in LPS-induced ALI (13). Song et al (14) found

an increase in the expression of FOXALI in lung tissues, wherein
it serves as a proapoptotic transcription factor. Furthermore,
miR-17-5p could also target FOXAI to inhibit apoptosis in
LPS-induced ALI In the present study, it was found that
miR-17-5p expression was downregulated and FOXA1 expres-
sion was upregulated in LPS-treated A549 cells, consistent with
the results of a previous report (13). Moreover, the knockdown
of MALATI increased the expression level of miR-17-5p and
inhibited the expression of FOXA1, whereas the simultaneous
suppression of MALATI1 and miR-17-5p promoted FOXAI
expression. These results indicated that MALAT!1 functions
as a sponge for miR-17-5p and regulates FOX A1 expression.
miR-17-5p inhibitor or FOXA1 overexpression reversed the
effects of si-MALAT1 on proliferation, cell cycle progression
and apoptosis of LPS-treated A549 cells. Thus, the knockdown
of MALAT1 promoted cell proliferation and inhibited apoptosis
through the upregulation of miR-17-5p, and downregulation of
FOXAL, in LPS-induced ALI. The results of the present study
and those of Dai ef al (9) showed that MALAT]I regulates cell
proliferation, cell cycle progression, apoptosis and inflammation
based on its miRNA sequestering activity.

In conclusion, the present study demonstrated that the
knockdown of MALATI alleviates LPS-induced injury in
A549 cells by targeting the miR-17-5p/FOXA1 axis. These
findings suggested that MALAT]1 plays an important role in
LPS-induced injury in A549 cells and may serve as a novel
therapeutic target. Further studies are warranted to evaluate
the role of MALAT1 in vivo and verify the impact of MALAT1
suppression on ALI pathogenesis.
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