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IncRNA CASC?2 inhibits lipopolysaccharide-induced
acute lung injury via miR-27b/TAB2 axis

XIAOQUAN LI, JINGXIN MO*", JUNLI® and YALIN CHEN*

ICritical Care Center, Shiyan People's Hospital; Departments of 2Respiratory Intensive Care,
3Respiratory I and 4Respiratory II, Shiyan People's Hospital, Shiyan, Hubei 442000, PR. China

Received December 6, 2019; Accepted September 15, 2020

DOI: 10.3892/mmr.2020.11606

Abstract. Long non-coding RNA (IncRNA) cancer suscep-
tibility candidate 2 (CASC2) has been reported to exert an
important role in acute lung injury (ALI). The present study
aimed to investigate the potential underlying mechanism of
CASC2 in ALI progression. Reverse transcription-quantitative
PCR was conducted to examine the expression of CASC2,
microRNA (miR/miRNA)-27b and TGF-f activated kinase 1
and MAP3K7-binding protein 2 (TAB2) in A549 cells. Cell
viability and apoptosis were analyzed using 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide assay and flow
cytometry. Enzyme-linked immunosorbent assay was used to
measure the levels of inflammatory-related cytokines to assess
the inflammatory response, including interleukin-1f3 (IL-1p),
IL-6 and tumor necrosis factor o (TNF-a). The binding sites
of miR-27b in CASC2 or TAB2 were predicted using LncBase
or microT-CDS software, following which dual-luciferase
reporter and RNA binding protein immunoprecipitation
assays were performed to confirm the target relationship
between miR-27b and CASC2 or TAB2. The protein expres-
sion of TAB2 was detected by western blotting. The decreased
viability, and increased apoptosis and inflammatory responses
were attenuated by the accumulation of CASC2 in lipopolysac-
charide (LPS)-stimulated A549 cells. CASC2 could directly
bind to miR-27b in A549 cells. CASC2 protected A549 cells
from LPS-triggered injury by downregulating miR-27b.
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TAB2 was a target of miR-27b in A549 cells. The influence
of miR-27b depletion was reversed by the silencing of TAB2
in an ALI cell model. CASC2 could increase the expression
of TAB2 by serving as a competing endogenous RNA of
miR-27b in A549 cells. Collectively, the results suggested that
CASC2 attenuated LPS-induced injury in the ALI cell model
by modulating the miR-27b/TAB2 axis.

Introduction

Acute lung injury (ALI) and its severe form, acute respiratory
distress syndrome, are common inflammatory lung diseases
with high mortality of 30-40% that are triggered by severe
trauma, sepsis and pneumonia (1,2). Lipopolysaccharide (LPS)
derives from the cell wall of gram-negative bacteria, and it
plays a crucial role in inflammatory responses (3,4). Therefore,
finding the molecules involved in the development of ALI is
indispensable for the treatment of ALI.

Long non-coding RNAs (IncRNAs) are a group of
non-coding RNAs (ncRNAs) with >200 nucleotides. IncRNA
cancer susceptibility candidate 2 (CASC2) has been indicated
as an important molecule involved in the pathogenesis of
numerous types of cancer (5-8). For instance, Wang et al (9)
reported that CASC2 prevented the epithelial-mesenchymal
transition of hepatocellular carcinoma cells via microRNA
(miR/miRNA)-367/F-box/WD repeat-containing protein 7
signaling. Ba et al (10) demonstrated that CASC?2 inhibited the
proliferation and motility of osteosarcoma cells via miR-181a.
As for ALI Li et al (11) revealed that CASC2 was downregu-
lated in LPS-treated A549 cells, and CASC2 accumulation
attenuated LPS-induced ALI in vivo and in vitro. Overall, the
present study aimed to investigate the function of CASC2 in
ALI, as well as its functional mechanism.

miRNAs, as another group of ncRNAs, could regulate
the physiological and pathological processes by regulating
the expression of target genes (12-14). miRNAs have been
reported to participate in the initiation and progression of lung
inflammation (15). Huang et al (16) demonstrated that miR-27b
promoted LPS-induced ALI by regulating nuclear factor
erythroid 2-related factor 2 (Nrf2) and NF-«B signaling. The
present study aimed to elucidate the underlying mechanism of
miR-27b in ALI.

TGF-p activated kinase 1 and MAP3K7-binding
protein 2 (TAB2) serves as an important upstream adaptor
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of interleukin-1 (IL-1) signaling to function. TAB2 has been
reported to be involved in the pathogenesis of LPS-induced
ALI (17). However, the function of TAB2 in ALI remains to
be revealed.

The present study intended to uncover the role and the
working mechanism of CASC2 in LPS-induced ALI cell model.

Materials and methods

Cell culture. Human alveolar epithelial adenocarcinoma
cell line A549 was acquired from American Type Culture
Collection. A549 cells (2x10° cells/well) in 6-well plates
were grown in the Roswell Park Memorial Institute-1640
(RPMI-1640) medium (Gibco; Thermo Fisher Scientific, Inc.)
containing 10% fetal bovine serum (FBS; Gibco; Thermo
Fisher Scientific, Inc.), 100 U/ml penicillin and 100 pg/ml
streptomycin in a humidified atmosphere at 37°C and 5% CO,.

LPS treatment. A549 cells were cultivated in 6-well plates
(2x10° cells/well), and 1 pg/ml LPS (Sigma-Aldrich; Merck
KGaA) or control [dimethyl sulfoxide (DMSO); Sigma-Aldrich;
Merck KGaA] was mixed with the culture medium when the
confluence reached ~80%, and the cells were incubated for
24 h according to a previous article (18).

Cell transfection. To achieve CASC2 overexpression or
knockdown, CASC2 overexpression plasmid (CASC2; 1 ug),
pcDNA (1 pg), small interfering RNA control (si-con; 5-UUC
UCCGAACGUGUCACGUUU-3'; 100 nM) or CASC2 specific
siRNA (si-CASC2; 5'-AGACUAUA AUGAUACCUUGGG-3;
100 nM) were transfected into A549 cells (3x10° cells/well).
To achieve miR-27b overexpression or knockdown, miRNA
control (miR-con; 5'-UUCUCCGAACGUGUCACGUUU-3"
50 nM), miR-27b mimic (miR-27b; 5'-CCGAAGAUGCUC
ACCAGCCC-3"; 50 nM), miR-27b inhibitor (anti-miR-27b;
5'-AUGUUCUUGAAAGCCGAU-3" 20 nM) or anti-miR-con
(5'-UUGUACUACACAAAAGUACUG-3"; 20 nM) were trans-
fected into A549 cells (3x10° cells/well). si-TAB2 (5'-ACA
ACUUCAGGUACUUCAGGG-3'"; 100 nM) was transfected
into A549 cells (3x10° cells/well) to achieve TAB2 silencing,
and si-con (5'-UUCUCCGAACGUGUCACGUUU-3
100 nM) was used as the control. The aforementioned RNA
and overexpression plasmids were purchased from Shanghai
GenePharma Co., Ltd., and the transfection was carried
out with Lipofectamine® 3000 (Invitrogen; Thermo Fisher
Scientific, Inc.). After transfection for 24 h, transfected cells
were used for subsequent analysis.

Experimental grouping. In rescue experiments of miR-27b for
CASC2, A549 cells were transfected with CASC2 plasmid
(1 pg) or pcDNA (1 ug) alone or together with miR-27b
(50 nM) or miR-con (50 nM) for 24 h followed by 1 pg/ml
LPS treatment for 24 h. Thus, A549 cells were divided into six
groups: Control, LPS, LPS + pcDNA, LPS + CASC2, LPS +
CASC2 + miR-con and LPS + CASC2 + miR-27b.

In rescue experiments of TAB2 for miR-27b, A549 cells
were transfected with anti-miR-27b (20 nM) or anti-miR-con
(20 nM) alone or together with si-TAB2 (100 nM) or si-con
(100 nM) for 24 h followed by 1 pg/ml LPS treatment for
24 h. Thus, A549 cells were divided into six groups: Control,
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LPS, LPS + anti-miR-con, LPS + anti-miR-27b, LPS +
anti-miR-27b + si-con and LPS + anti-miR-27b + si-TAB2.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA from A549 cells was extracted using TRIzol® (Beyotime
Institute of Biotechnology). The reverse transcription of
CASC2 and the mRNA of TAB2 was performed using
BeyoRT™ First Strand cDNA Synthesis Kit (Beyotime
Institute of Biotechnology) at 42°C for 60 min, whereas the
cDNA of miR-27b was obtained with One Step miRNA RT
kit (HaiGene) at 37°C for 60 min followed by 85°C for 5 sec.
U6 and glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
served as the internal references for miR-27b, CASC2 and
TAB2. The expression of miR-27b, TAB2 and CASC2
was measured using the 2244 method (19). The PCR reac-
tion was conducted using SYBR-Green [Roche Diagnostics
(Shanghai) Co.,Ltd.] and an ABI 7500 thermal cycler (Applied
Biosystems; Thermo Fisher Scientific, Inc.) with the following
primers: CASC2 forward, 5'-GCACATTGGACGGTGTTT
CC-3' and reverse, 5'-CCCAGTCCTTCACAGGTCAC-3;
miR-27b forward, 5"AAAAGTCGACCGAAGATGCTCACC
AGCCCTT-3' and reverse, 5-AAAAGTCGACGGCAGTGG
CCTCTGCCTGGC-3'; TAB2 forward, 5-AGTACAAGATAT
CTTTATGG-3' and reverse, 5-TGCTGTCTGTGGCTCCTG
CT-3"); U6 forward, 5-ATGGGTCGAAGTCGTAGCC-3' and
reverse, S"-TTCTCGGCGTCTTCTTTCTCG-3'"; and GAPDH
forward, 5'-ATGTTCCAGTATGACTCCACTCACG-3' and
reverse, 5'-GAAGACACCAGTAGACTCCACGACA-3.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. A549 cells were plated in 96-well cell culture
plates at the density of 5x10° cells/well. Following LPS stimu-
lation and relevant transfection, 20 ul1 5 mg/ml MTT reagent
(Sigma-Aldrich; Merck KGaA) was added into the supernatant
of A549 cells. A549 cells were incubated with MTT in the
incubator at 37°C with 5% CO, for 4 h. The culture medium
was discarded, and A549 cells were incubated with DMSO
(Sigma-Aldrich; Merck KGaA) to dissolve formazan crystals.
The absorbance of each well was measured at 490 nm using a
microplate reader.

Cell apoptosis analysis. The adherent and non-adherent A549
cells were harvested and washed using phosphate buffered
saline buffer. A549 cells (3x10° cells) were probed with
Annexin V-fluorescein isothiocyanate and propidine iodide
using the Apoptosis Detection Kit (BD Biosciences). A FACS
Cantoll flow cytometer (BD Biosciences) was used to identify
the apoptotic A549 cells, and the apoptotic rate was analyzed
using BD FACSDiva software (version 8.0.1; BD Biosciences).
The apoptotic rate indicated the percentages of apoptotic A549
cells in the early stage (Q4) and late stage (Q2).

Enzyme-linked immunosorbent assay (ELISA). Human IL-13
(cat. no. DLB50), IL-6 (cat. no. D6050) and tumor necrosis
factor a (TNF-q; cat. no. DTAOOD) ELISA kits (R&D Systems,
Inc.) were used to examine the concentrations of inflamma-
tory cytokines in the supernatant of A549 cells. Briefly, A549
cells were seeded into 96-well plates (5x10° cells/well), and
AS549 cells were stimulated with the relevant treatment the
next day. After centrifuging at 2,000 x g for 5 min at 4°C,
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cell supernatant was collected to examine the secretion of
inflammatory cytokines according to the instructions of the
ELISA kits.

Bioinformatics analysis. The miRNA targets of CASC2 were
predicted using LncBase software v2.0 (http://carolina.imis.
athena-innovation.gr/diana_tools/web/index.php?r=Incbasev2/
index) from DIANA Tools, while microT-CDS software v5.0
(http://www.microrna.gr/microl-CDS) from DIANA Tools
was used to predict the mRNA targets of miR-27b.

Dual-luciferase reporter assay. A dual-luciferase reporter
assay was performed to explore the interaction between
miR-27b and CASC2 or TAB2 in A549 cells. Transfection was
performed using Lipofectamine® 3000 (Invitrogen; Thermo
Fisher Scientific, Inc.). CASC2 gene sequences, including
predicted wild-type (WT) or mutant-type (MUT) binding sites
of miR-27b, were inserted into pmirGLO vectors (Promega
Corporation). miR-con,miR-27b,anti-miR-conoranti-miR-27b
and CASC2-WT or CASC2 MUT were co-transfected into
A549 cells (4x10* cells/well). A Dual-Luciferase® Reporter
Assay system (Promega Corporation) was utilized to measure
the luciferase activity after transfection for 48 h, and the firefly
luciferase activity was normalized to Renilla luminescence.
The same protocol was used for TAB2.

RNA binding protein immunoprecipitation (RIP) assay.
RNA-protein or RNA-RNA complex were isolated using
Magna RIP™ RNA-Binding Protein Immunoprecipitation
Kit (EMD Millipore). A549 cells (2x10° cells) were disrupted
using RIP lysis buffer for 5 min on ice. The antibodies,
including anti-Argonaute 2 (anti-Ago2; cat. no. MABE253;
EMD Millipore) at the dilution of 1:50 and anti-Immuno-
globulin G (anti-IgG; cat. no. TS-1L-BK; EMD Millipore)
at the dilution of 1:100 were incubated with protein A/G
beads for 1 h at 4°C. Then, the A549 cell lysate was mixed
with the beads to incubate for 4 h at 4°C. Beads were washed
twice using PBS buffer (Sangon Biotech Co., Ltd.), and the
mixture was centrifuged at 21,000 x g for 10 min at 4°C.
RNA was extracted using TRIzol® (Beyotime Institute of
Biotechnology), and the immunoprecipitated RNA was
detected by RT-qPCR.

Western blot assay. Western cell lysis buffer (Beyotime
Institute of Biotechnology) was used to disrupt A549 cells,
and the proteins were quantified using a Pierce BCA Protein
Assay kit (Thermo Fisher Scientific, Inc.). The quantified
protein samples (25 pg) were separated on the 5% stacking
and 12% separating gels, and subsequently transferred to
a polyvinylidene fluoride membrane. The membrane was
blocked using 5% skimmed milk for 1 h at room temperature.
The membrane was incubated with anti-TAB2 at the dilu-
tion of 1:5,000 (cat. no. ab172412; Abcam) and anti-B-actin
at the dilution of 1:20,000 (cat. no. ab115777; Abcam) at
4°C overnight, followed by incubation with a horseradish
peroxidase-conjugated secondary antibody (cat. no. ab205718;
Abcam) at the dilution of 1:5,000 for 2 h at room tempera-
ture. Several X-ray films were used to visualize the protein
signal through Pierce™ ECL Western Blotting Substrate
(Thermo Fisher Scientific, Inc.). Image Lab analysis software
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(v4.0; Bio-Rad Laboratories, Inc.) was utilized to evaluate the
intensities of protein bands.

Animal experiment. A total of 12 BALB/c mice (weight,
23-28 g; age, 8 weeks) were obtained from Experimental
Animal Center of Huazhong Agricultural University (Wuhan,
China) and maintained in a specific-pathogen-free environ-
ment under standard conditions of 22°C, 60% humidity and a
12 h light/dark cycle. These nude mice were supplied food and
water ad libitum. All experimental procedures were approved
by The Ethical Committee on Animal Research of Shiyan
People's Hospital (Shiyan, China) and were in accordance
with guidelines provided by the National Institutes of Health
Guide for the Care and Use of Laboratory Animals (20). Mice
were arbitrarily divided into four groups (n=3), including the
Control group (intraperitoneal injection of 30 mg/kg normal
saline), LPS group (intraperitoneal injection of 30 mg/kg
LPS), LPS + pcDNA group (transfection with pcDNA empty
vector before LPS treatment) and LPS + CASC2 group
(transfection with CASC2 before LPS treatment). Transfection
was conducted using a microinjector to inject the transfec-
tion complexes (50 pl) into the trachea of the mice. After
12 h of transfection, these nude mice were euthanized using
sodium pentobarbital (100 mg/kg) and the right lung (free of
heart and trachea) were removed. The breathing of the mice
was monitored to verify the death. No mice died during this
experiment. Right lung was rinsed briefly using PBS buffer
(Sangon Biotech Co., Ltd.), and then the right lung was
weighed to obtain the wet weight. The right lung was baked
at 56°C for 72 h to acquire the dry weight. Wet-to-dry (W/D)
ratio was obtained by dividing the wet weight of the right
lung by the dry weight. The myeloperoxidase (MPO) activity
of lung tissues was obtained using an MPO determination
kit (Jiancheng Company; http:/www.njjcbio.com/products.
asp?id=354) at 460 nm. The expression of CASC2 was detected
using RT-qPCR. The levels of IL-1p, IL-6 and TNF-a were
measured using ELISA kits.

Statistical analysis. Statistical analysis was carried out using
GraphPad Prism 7 software (GraphPad Software, Inc.).
Normally distributed data are presented as the mean + standard
deviation. Comparisons between groups were analyzed using
Student's t-test or one-way analysis of variance followed by
Tukey's post hoc test as appropriate. P<0.05 was considered to
indicate a statistically significant difference.

Results

CASC2 overexpression ameliorates LPS-triggered ALI. To
investigate the expression pattern and biological function of
CASC2 in ALIL a ALI cell model was established by treating
AS549 cells with 1 ug/ml LPS for 24 h. The overexpression
efficiency of the CASC2 plasmid was high in A549 cells
(Fig. S1A). As shown in Fig. 1A, the expression of CASC2
was decreased in the ALI cell model compared with in
non-treated A549 cells. Besides, the expression of CASC2
was increased in A549 cells treated with LPS and the CASC2
overexpression plasmid. LPS stimulation reduced viability and
induced apoptosis of A549 cells (Fig. 1B and C). In addition,
the overexpression of CASC2 protected A549 cells against
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Figure 1. CASC2 overexpression ameliorates LPS-induced acute lung injury. A549 cells were stimulated with LPS, LPS + pcDNA or LPS + CASC2. (A) The
expression of CASC2 was detected in A549 cells via reverse transcription-quantitative PCR. (B) A 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide assay was performed to measure the viability of A549 cells. (C) The apoptotic rate of A549 cells was analyzed by flow cytometry. The inflammatory
factors in A549 cells, including (D) IL-1pB, (E) IL-6 and (F) TNF-a, were examined by ELISA. “P<0.05. CASC2, cancer susceptibility candidate 2; LPS,

lipopolysaccharide; IL, interleukin; TNF-a, tumor necrosis factor a.

LPS-induced injury. The inflammatory reaction was activated
in the ALI model, and the transfection of CASC2 suppressed
LPS-triggered inflammation (Fig. 1D-F). In summary, these
data suggested that LPS-induced ALI could be attenuated by
the overexpression of CASC2.

CASC2 could directly bind to miR-27b to downregulate its
expression. miR-27b was predicted to be a potential target of
CASC2 using LncBase database, and the putative binding sites
are listed in Fig. 2A. The transfection efficiencies of miR-27b
and anti-miR-27b were high in A549 cells, as determined
by RT-qPCR (Fig. S1B). The dual-luciferase reporter assay
results showed that transfection of miR-27b or anti-miR-27b
significantly decreased or increased the luciferase activity
in the CASC2-WT group, respectively (Fig. 2B). Besides,
the luciferase activity in the CASC2-MUT group remained
unaffected. Furthermore, a RIP assay was conducted to

detect whether CASC2 was present in RNA-induced silencing
complex (RISC), and the results revealed that CASC2 and
miR-27b could be detected in the RISC (Fig. 2C), suggesting
that CASC2 could bind to miR-27b in A549 cells. LPS
exposure could elevate the expression of miR-27b in A549
cells (Fig. 2D). The transfection of si-CASC2 significantly
reduced CASC2 expression in A549 cells (Fig. SIA). CASC2
overexpression significantly downregulated the expression
of miR-27b (Fig. 2E), whereas transfection with si-CASC2
significantly increased the expression of miR-27b in A549
cells, suggesting that miR-27b was inversely regulated by
CASC2 in A549 cells. These data indicated that miR-27b
was a target of CASC2, and CASC2 negatively regulated the
expression of miR-27b in A549 cells.

CASC?2 protects A549 cells against LPS-induced inflamma-
tory damage by downregulating miR-27b. To further explore
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Figure 2. CASC2 could directly bind to miR-27b to downregulate its expression. (A) The miR-27b binding sequence in CASC2 was predicted using LncBase
software. (B) A dual-luciferase reporter assay was performed in A549 cells co-transfected with CASC2-WT or CASC2-MUT and miR-con, miR-27b,
anti-miR-con or anti-miR-27b. (C) The association between miR-27b and CASC2 was verified by performing a RNA binding protein immunoprecipitation
assay. (D) RT-qPCR was conducted to measure the expression of miR-27b in A549 cells treated with LPS. (E) RT-qPCR was performed to detect the expression
of miR-27b in A549 cells transfected with pcDNA, CASC2, si-con or si-CASC2. "P<0.05 vs. control group. CASC2, cancer susceptibility candidate 2; LPS,
lipopolysaccharide; miR, microRNA; WT, wild-type; MUT, mutant; con, control; RT-qPCR, reverse transcription-quantitative PCR; si-, small interfering
RNA; Ago2, Argonaute 2; IgG, Immunoglobulin G.
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Figure 3. CASC2 protects A549 cells against LPS-induced inflammatory damage by downregulating miR-27b. A549 cells were transfected with CASC2
plasmid (1 pug) or pcDNA (1 pg) alone or together with miR-27b (50 nM) or miR-con (50 nM) for 24 h followed by 1 pug/ml LPS treatment for 24 h.
(A) The expression of miR-27b was examined in A549 cells by reverse transcription-quantitative PCR. (B) The viability of A549 cells was measured using a
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay. (C) Flow cytometry was conducted to detect the apoptosis of A549 cells. (D-F) ELISA
was performed to examine the concentrations of inflammatory factors in the supernatant of A549 cells. “P<0.05. CASC2, cancer susceptibility candidate 2;
LPS, lipopolysaccharide; IL, interleukin; TNF-a, tumor necrosis factor a; miR, microRNA; con, control.

the functions of miR-27b and CASC2 in LPS-induced ALI, or LPS + CASC2 + miR-27b. As shown in Fig. 3A, CASC2
A549 cells were divided into six groups: Control, LPS, overexpression reduced the expression of miR-27b in the ALI
LPS + pcDNA, LPS + CASC2, LPS + CASC2 + miR-con cell model, whereas the expression of miR-27b was increased
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Figure 4. TAB2 is a target of miR-27b in A549 cells. (A) The binding sites of miR-27b in the 3'UTR of TAB2 were predicted using microT-CDS software.
(B) The target relationship between miR-27b and TAB2 was confirmed by a dual-luciferase reporter assay. (C) A RNA binding protein immunoprecipitation
assay was carried out to validate the association between miR-27b and TAB2 in A549 cells. (D) The expression of TAB2 in LPS-induced A549 cells was
examined by western blotting. (E) Western blotting was conducted to measure the expression of TAB2 in A549 cells transfected with miR-con, miR-27b,
anti-miR-con or anti-miR-27b. "P<0.05 vs. control group. TAB2, TGF-f activated kinase 1 and MAP3K7-binding protein 2; LPS, lipopolysaccharide; miR,
microRNA; 3'UTR, 3'untranslated region; WT, wild-type; MUT, mutant; con, control; Ago2, Argonaute 2; IgG, Immunoglobulin G.

in LPS-stimulated cells co-transfected with CASC2 and
miR-27b. The addition of miR-27b reversed the protective
effect of CASC2 transfection on the viability of ALI model cells
(Fig. 3B). Meanwhile, the apoptosis was significantly increased
in the LPS + CASC2 + miR-27b group compared with that in
the LPS + CASC2 + miR-con group (Fig. 3C). Subsequently, it
was found that the inhibitory effect of CASC2 overexpression
on the inflammatory response was reversed by the overexpres-
sion of miR-27b in ALI model cells (Fig. 3D-F). Collectively,
these data suggested that CASC2 suppressed LPS-stimulated
ALI by downregulating the expression of miR-27b.

TAB2 is a target of miR-27b in A549 cells. microT-CDS
software was used to search the target genes of miR-27b,
the putative miR-27b binding sequence in the 3'untranslated
region (3'UTR) of TAB2 is shown in Fig. 4A. The luciferase
activity was significantly decreased or increased in A549 cells
co-transfected with TAB2-WT and miR-27b or anti-miR-27b,
respectively (Fig. 4B). These results revealed that TAB2 was a
direct target of miR-27b in A549 cells. To further validate these
results, a RIP assay was carried out. As shown in Fig. 4C, TAB2
and miR-27b were co-precipitated with Ago2, demonstrating
that TAB2 could bind to miR-27b in A549 cells. Besides, LPS
treatment reduced the protein expression of TAB2 in A549
cells (Fig. 4D). A549 cells transfected with miR-con, miR-27b,
anti-miR-con or anti-miR-27b were used to explore the modu-
latory relationship between miR-27b and TAB2. As exhibited
in Fig. 4E, miR-27b transfection reduced the expression of
TAB2, whereas depletion of miR-27b led to the opposite effect
in A549 cells. In summary, TAB2 was shown to be a target of
miR-27b in A549 cells, and miR-27b could negatively regulate
the expression of TAB2.

TAB?2 depletion attenuates the protective effect of miR-27b
silencing on LPS-induced ALI. To determine whether
TAB2 was involved in the miR-27b-mediated inflamma-
tory injury of ALI model cells, anti-miR-27b and si-TAB2
were co-transfected into ALI model cells. The knockdown
efficiency of si-TAB2 was high in A549 cells (Fig. SI1C). As
indicated in Fig. 5A, the expression of TAB2 was increased
following the depletion of miR-27b in the ALI model, and
this promotor effect was reversed by the silencing of TAB2.
Besides, miR-27b depletion protected A549 cells against the
LPS-induced reduction in viability, and increase in apoptosis
and inflammatory-related cytokine expression. These
effects were reversed by the co-transfection of si-TAB2 and
anti-miR-27b (Fig. 5B-F). Taken together, miR-27b acceler-
ated LPS-induced ALI by targeting and downregulating TAB2
expression.

CASC?2 upregulates the expression of TAB2 by functioning as
a competing endogenous (ce)RNA of miR-27b in A549 cells.
The expression of TAB2 was elevated by the transfection of
CASC2, and the addition of miR-27b decreased the expres-
sion of TAB2 in A549 cells (Fig. 6A). Furthermore, CASC2
silencing caused a significant reduction in the expression
of TAB2, whereas the co-transfection of anti-miR-27b and
si-CASC2 increased the expression of TAB2 in A549 cells
(Fig. 6B). These data showed that TAB2 was regulated by the
CASC2/miR-27b axis in A549 cells.

CASC?2 overexpression attenuates LPS-triggered ALI in lung
tissues. BALB/c mice were divided into the indicated four
groups. Lung tissue injury was assessed by measuring the
W/D ratio, MPO activity and inflammation. As presented in
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Figure 5. TAB2 knockdown attenuates the protective effect of miR-27b silencing on LPS-induced ALI. A549 cells were transfected with anti-miR-27b
(20 nM) or anti-miR-con (20 nM) alone or together with si-TAB2 (100 nM) or si-con (100 nM) for 24 h followed by 1 ug/ml LPS treatment for 24 h. (A) The
protein expression of TAB2 was determined in A549 cells by western blotting. (B) A 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay was
performed to detect the viability of A549 cells. (C) The apoptotic rate of A549 cells was examined by flow cytometry. (D-F) Levels of inflammatory-related
cytokines in A549 cells were measured by ELISA. "P<0.05. TAB2, TGF-f activated kinase 1 and MAP3K7-binding protein 2; LPS, lipopolysaccharide; miR,
microRNA; ALI, acute lung injury; con, control; si-, small interfering RNA; IL, interleukin; TNF-a, tumor necrosis factor a.
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Figure 6. CASC2 upregulates the expression of TAB2 by functioning as a competing endogenous RNA of miR-27b in A549 cells. (A) Western blotting was
performed to detect the expression of TAB2 in A549 cells transfected with pcDNA, CASC2, CASC2 + miR-con or CASC2 + miR-27b. (B) A549 cells were
transfected with si-con, si-CASC2, si-CASC2 + anti-miR-con or si-CASC2 + anti-miR-27b, and the expression of TAB2 was examined by western blotting.
“P<0.05. CASC2, cancer susceptibility candidate 2; TAB2, TGF-f activated kinase 1 and MAP3K7-binding protein 2; miR, microRNA; con, control; si-, small
interfering RNA.
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Figure 7. CASC2 overexpression attenuates LPS-induced ALI in lung tissues. (A) Reverse transcription-quantitative PCR was performed to detect the expres-
sion of CASC?2 in lung tissues in different groups. (B) The W/D ratio of lung tissues was calculated in different groups. (C) The MPO activity of lung tissues
was evaluated using an MPO determination kit. (D-F) The inflammatory responses in lung tissues were measured by ELISA. "P<0.05. CASC2, cancer suscepti-
bility candidate 2; LPS, lipopolysaccharide; ALL acute lung injury; W/D, wet-to-dry; MPO, myeloperoxidase; IL, interleukin; TNF-a, tumor necrosis factor a.

Fig. 7A, LPS treatment decreased the expression of CASC2,
whereas overexpression of CASC2 upregulated the expres-
sion of CASC2 following LPS treatment. LPS treatment
upregulated the W/D ratio, MPO activity and inflammatory
factors in lung tissues, these effects were partly reversed by
the overexpression of CASC2 (Fig. 7B-F), which suggested
that LPS-mediated edema and inflammatory responses were
attenuated by the transfection of CASC2. In conclusion,
LPS-induced ALI in lung tissues was alleviated by the
overexpression of CASC2 in vivo.

Discussion

To elucidate the underlying molecular mechanism of
LPS-induced ALI, A549 cells were treated with 1 gg/ml LPS
for 24 h to construct a cell model of ALI. Cellular inflam-
matory response was evaluated by measuring the levels of
inflammatory markers (IL-1p, IL-6 and TNF-a) via ELISA.
Cell viability was reduced, whereas apoptosis and inflamma-
tory responses were increased in the ALI cell model compared
with that in the control group. An increasing number of studies
have demonstrated that IncRNAs exert important regulatory
roles in ALI (21,22). Dai et al (23) reported that IncRNA
MALATI depletion suppressed LPS-induced inflammation
via miR-146a. Li er al (11) found that IncRNA CASC2
inhibited LPS-induced apoptosis of A549 cells by functioning
as a sponge of miR-144-3p. In the present study, it was found
that CASC2 overexpression ameliorated LPS-induced injury
of A549 cells.

In LPS-induced acute lung injury

CASC2 (down)

Jjarget

miR-27b (up) —» Promote
— Inhibit
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"""""" P TAB2 (down)
"x\
~
~
A
. W/D ratio

- Apoptosis .
Cell viability . . MPQO activitiy
inflammation inflammation

1 ]
In vitro In vivo

Figure 8. A schema of the working mechanism of CASC2 in acute lung
injury. LPS treatment downregulated the expression of CASC2, and the
downregulation of CASC2 caused a significant elevation in the expression
of miR-27b. miR-27b accumulation downregulated the expression of TAB2.
A lower expression of TAB2 was associated with the inhibition of cell
viability and the promotion of apoptosis and inflammation. CASC2, cancer
susceptibility candidate 2; LPS, lipopolysaccharide; W/D, wet-to-dry; MPO,
myeloperoxidase; TAB2, TGF-f activated kinase 1 and MAP3K7-binding
protein 2; miR, microRNA.
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miR-27b was predicted to directly bind to CASC2 using
LncBase database. The binding relationship between miR-27b
and CASC2 was validated by dual-luciferase reporter and RIP
assays. miR-27b was reported to be involved in the occurrence
and development of various types of cancer, including breast
cancer and colorectal cancer (24,25). Feng et al (26) revealed
that miR-27b regulated the metastasis of gastric cancer via
nuclear receptor subfamily 2. Wu er al (27) reported that
IncRNA ZEB2-AS1 accelerated the progression of bladder
cancer by targeting miR-27b. However, there are very few
studies focused on the role of miR-27b in ALI. Huang ez al (16)
reported that miR-27b facilitated LPS-induced ALI via Nrf2
protein and the NF-«B signaling pathway. In the present study,
the expression of miR-27b was higher in the LPS-treated
AS549 group compared with that in the non-treated group.
Additionally, it was found that miR-27b overexpression
reversed the protective effects of CASC2 expression on
LPS-stimulated A549 cells, and the role of miR-27b in ALI
was consistent with the findings of a previous study (16).

miR-27b could modulate the expression of target genes at
the posttranscriptional level (25,28,29). In the present study,
we hypothesized whether miR-27b regulated the progression
of ALI through specific target genes. The complementary
sequence between miR-27b and TAB2 3'UTR was predicted
using microl-CDS software. Subsequently, the association
between miR-27b and TAB2 in A549 cells was validated by
conducting dual-luciferase reporter and RIP assays. TAB2
could be downregulated by LPS treatment in A549 cells,
and it was demonstrated that TAB2 was negatively regu-
lated by miR-27b in A549 cells. TAB2 is a crucial upstream
adaptor of IL-1 signaling. Yang et al (17) proposed that
miR-142a-3p exerted a protective role in LPS-triggered ALI
by downregulating TAB2. Whereas, the present study found
that TAB2 exerted the opposite effect in LPS-induced A549
cells compared with the previous study (17). The increased
viability and the downregulation of apoptosis and inflam-
mation caused by miR-27b silencing were attenuated by the
addition of si-TAB2 in LPS-treated A549 cells. These results
demonstrated that miR-27b contributed to LPS-induced ALI
via the downregulation of TAB2. The differences in the results
with the previous study may be due to the differences in the
cells used in the experiment (17). The present study showed
that TAB2 was regulated by the CASC2/miR-27b axis, and
CASC2 overexpression alleviated LPS-triggered ALI in vivo.

There were also some limitations of the present study.
Constructing an ALI cell model using two cell lines would
make the results more reliable. Furthermore, there was cross-
talk within the IncRNAs/miRNAs/mRNAs signal pathway,
and additional experiments should be conducted to examine
the molecular mechanism of CASC2 in ALI progression.

In summary, miR-27b was found to be a direct target of
CASC2, and miR-27b could bind to the 3'UTR of TAB2 in A549
cells. CASC2 protected A549 cells against LPS-induced ALI by
upregulating TAB2 via sponging miR-27b (Fig. 8). These results
indicated that downregulating the expression of miR-27b could
be an effective treatment strategy for patients with ALIL
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