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IncRNA GASS promotes pyroptosis in COPD by functioning
as a ceRNA to regulate the miR-223-3p/NLRP3 axis
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Abstract. Chronic obstructive pulmonary disease (COPD) is
characterized by irreversible and progressive airflow limitation
and encompasses a spectrum of diseases, including chronic
obstructive bronchitis and emphysema. Pyroptosis is a unique
form of inflammatory cell death mediated by the activation
of caspase-1 and inflammasomes. The long non-coding RNA
(IncRNA) growth arrest-specific 5 (GASS5) is a well-documented
tumor suppressor, which is associated with cell proliferation
and death in various diseases. The aim of the present study
was to evaluate whether IncRNA GASS is associated with the
pyroptosis in COPD. To create a COPD cell model, MRC-5
cells were treated with 10 ug/ml lipopolysaccharide (LPS) for
48 h. Then the level of pro-caspase 1, caspase 1, IL-1p, IL-18,
NLRP3 and cleaved gasdermin D (GSDMD) was examined by
western blotting. GAS5 mRNA level was detected by qualitative
PCR following LPS treatment in MRC-5 cells. Subsequently,
IL-2, IL-6, IL-10 and TNF-a in MRC-5 cells was measured
by ELISA. Then the proliferation ability of MRC-5 cells was
detected by CCK-8. Cell death was detected by TUNEL assay.
LDH release was measured using an LDH Cytotoxicity Assay
kit. The Magna RIP kit was used to validate the interaction
between GASS and miR-223-3p. The present study revealed
that increased expression levels of caspase-1, IL-1p3, IL-18
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and cleaved GSDMD were observed in LPS-treated MRC-5
cells, indicating that pyroptosis is involved in COPD progres-
sion. Additionally, LPS induced the increase in GASS mRNA
expression levels and the release of inflammatory factors (IL-2,
IL-6, IL-10 and TNF-a), suggesting that GASS is implicated
in pyroptosis in COPD. Furthermore, upregulation of GASS5
promoted cell death and inhibited proliferation in the MRC-5
cell line. Additionally, increased GAS5 expression signifi-
cantly promoted the production of caspase-1, IL-1f, IL-18,
cleaved GSDMD and NLR pyrin domain containing protein
3 (NLRP3). A dual-luciferase assay demonstrated that GASS
could directly bind to microRNA-223-3p (miR-223-3p), and
NLRP3 is a direct target of miR-223-3p. Furthermore, GASS5
reduced the expression levels of miR-223-3p, while it increased
the expression levels of NLRP3. The present study concluded
that IncRNA GASS promoted pyroptosis in COPD by targeting
the miR-223-3p/NLRP3 axis, implying that GASS5 could be a
potential target for COPD.

Introduction

Chronic obstructive pulmonary disease (COPD) is a common
respiratory disorder that causes the death of >3 million individ-
uals worldwide every year (1). COPD will be the third leading
cause of death in the world by 2030 (2). COPD is characterized
by persistent irreversible airflow limitation due to the loss of
elastic fibers from small airways and alveolar walls (3). The
limitation is related to the chronic inflammatory response of
the respiratory tract and lungs to harmful particles or gases (4).
There is increasing evidence that persistent airflow limitation
is closely related to airway remodeling, which occurs mainly
in small airways with an inner diameter of <2 mm (5-7).
Pulmonary fibroblasts are closely related to COPD
airway remodeling. Fibrosis-related factors produced by
pulmonary fibroblasts, such as collagen fibers, elastic fibers,
reticular fibers and constantly secreted matrix collagen, are
increased during COPD airway remodeling, which affects the
protease-antiproteinase balance (8). Various cytokines and
inflammatory mediators produced by fibroblasts also enhance
the tissue inflammation (9). Pulmonary fibroblasts have been
shown to contribute to airway remodeling in COPD through
synthesis and secretion of the main components of the extra-
cellular matrix (9). Pulmonary fibroblasts are transformed
into pulmonary myofibroblasts activated by TGF-$1 (10,11).
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Myofibroblast differentiation, characterized by ECM produc-
tion and a-smooth muscle actin expression, is one of the
primary molecular mechanisms of airway remodeling in
COPD (12). However, the mechanisms of fibroblasts in COPD
remain poorly understood.

Cell death may serve a vital role in the pathogenesis of
COPD (13). Increased cell death can be observed during
destruction of lung tissue in both humans and mice (14,15).
Pyroptosis, mediated by the activation of caspase-1 and
the inflammasome, is a unique form of inflammatory cell
death (16). Activated caspase-1 proteolytically cleaves inac-
tive pro-IL-1f and pro-IL-18 into the mature inflammatory
cytokines IL-1f and IL-18, which induce the inflammasome
activation-dependent pyroptotic cell death, which results in
the production of inflammatory chemokines and TNF-a (17).
Gasdermin D (GSDMD), a substrate of caspase-1, has been
identified as the pyroptosis executioner (18). Inflammasomes,
important products of the inflammatory reaction, serve a vital
role in pyroptosis. NLR pyrin domain containing protein 3
(NLRP?3) is one of the most widely studied inflammasomes and
contains a caspase recruitment domain (19). Inflammasome
activators, including extracellular ATP, reactive oxygen species
and damage-associated molecular patterns, are also increased
in the airways of patients with COPD (20). Pyroptosis induced
by triggering receptor expressed on myeloid cells 1-mediated
activation of the NLRP3 inflammasome aggravates COPD
development (21). In addition, cigarette smoke extract-induced
pyroptosis is also involved in the progression of COPD (22).
These results suggest a potential critical role of pyroptosis in
COPD progression.

Long non-coding RNAs (IncRNAs) are noncoding RNAs
longer than 200 nucleotides with limited coding potential.
They serve crucial roles in various biological processes,
including cell apoptosis, invasion, proliferation, migration
and therapeutic responsiveness, by regulating gene expres-
sion (23). Importantly, IncRNAs drive multiple important
disease phenotypes in different ways (24), such as RNA
decay, transcription regulation, microRNA (miRNA/miR)
sponging and epigenetic modification (25). One of the major
mechanisms of IncRNAs is functioning as competing endog-
enous RNAs (ceRNAs) in a regulatory network, including
IncRNAs, miRNAs and target mRNAs (26). ceRNAs
compete for miRNA binding and block miRNA-mediated
target gene silencing (27).

IncRNAs are widely involved in the pathogenesis
of COPD. The IncRNA small nuclear RNA host gene 5
(SNHGS) ameliorates the effects of cigarette smoke extract
on the proliferation, apoptosis and inflammation of a COPD
cell model via the miR-132/PTEN axis in COPD (28), while
IncRNA MIRI155HG promotes the polarization of M1
macrophage and the release of pro-inflammatory cytokines in
COPD (29). Furthermore, long intergenic non-protein coding
RNA 987 mitigates COPD by regulating lipopolysaccharide
(LPS)-caused cell apoptosis, oxidative stress, inflammation
and autophagy via the Let-7b-5p/sirtuinl axis (30). Growth
arrest-specific 5 (GASS), a well-documented IncRNA, is an
important factor associated with cell proliferation and death
in various diseases (31,32). GASS5 acts as a ceRNA to sponge
miR-223-3p in certain diseases. For example, GASS promotes
the microglial inflammatory response in Parkinson's disease

by targeting the miR-223-3p/NLRP3 pathway, and low expres-
sion levels of GASS injure myocardial cells and are associated
with the progression of chronic heart failure by regulating
miR-223-3p (33,34). Previous studies suggest that GASS serves
a vital role in cell death (35-38). Nevertheless, it has not been
elucidated if IncRNA GASS is involved in cell death in COPD.

The present study investigated the effect of IncRNA
GASS on a cell model of COPD, as well as whether IncRNA
GASS is involved in pyroptosis and the underlying molecular
mechanisms.

Materials and methods

Cell culture. The MRC-5 human lung fibroblast cell line
(American Type Culture Collection) was cultured in DMEM
(cat.no.12430054; Thermo Fisher Scientific,Inc.) supplemented
with 10% FBS (cat. no. 10100147; Thermo Fisher Scientific,
Inc.) and 1% penicillin/streptomycin (cat. no. 15070063;
Thermo Fisher Scientific, Inc.). The cells were grown in
75-cm? flask at 37°C in a humidified atmosphere with 5% CO,
and were passaged 1:3 using 0.25% trypsin (cat. no. 1672868;
Thermo Fisher Scientific, Inc.) when they reached 80-90%
confluence. LPS was purchased from Sigma-Aldrich; Merck
KGaA (cat. no. L2880). MRC-5 cells were stimulated with
10 pg/ml LPS for 48 h at 37°C (39) in the present study. Cells
not treated with LPS were used as Control.

Western blotting. Proteins were extracted from MRC-5 cells
by RIPA lysis buffer (Beyotime Institute of Biotechnology;
cat. no. POO13B) and quantified using BCA. Proteins
(30 ug per lane) were separated by SDS-PAGE on a 10%
gel and subsequently transferred onto a PVDF membrane,
which were blocked with 5% skimmed milk for 1 h at
room temperature. The following primary antibodies were
employed overnight at 4°C: Rabbit anti-caspase-1 (1:500
dilution; cat. no. BM4291; Boster Biological Technology),
rabbit anti-pro-caspase-1 (1:1,000 dilution; cat. no. ab179515;
Abcam), rabbit anti-IL-18 (1:500 dilution; cat. no. M00124;
Boster Biological Technology), rabbit anti-IL-18 (1:500
dilution; cat. no. A1112; ABclonal Biotech Co., Ltd.),
rabbit anti-cleaved N-terminal GSDMD (1:1,000 dilution;
cat. no. ab215203; Abcam) and mouse anti-GAPDH (1:5,000
dilution; cat. no. A00227-1; Boster Biological Technology).
Horseradish peroxidase-conjugated goat anti-rabbit/mouse
IgG (1:5,000 dilution; cat. no. BM2002 and BA1070; Boster
Biological Technology) was used as a secondary antibody
for 1 h at room temperature. Immunoreactive protein bands
were detected by ECL hypersensitive chemiluminescence
kit (cat. no. PO018M; Beyotime Institute of Biotechnology)
with an Odyssey Scanning System (version 3.0, LI-COR
Biosciences).

The third-generation lentiviral vector construction and
lentiviral infection. pcDNA3.1 (+) GASS overexpression
vector (OE-GASS) were designed and constructed based on
human GASS full-length coding protein sequences (GenBank
accession number NC_000001) by Shanghai GeneChem
Co., Ltd. Then, 20 uM OE-GASS5 or overexpression negative
control lentivirus (NC) vectors were transfected into MRC-5
cells with Lipofectamine® 3000 (Thermo Fisher Scientific,
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Inc.) according to the manufacturer's protocol. MRC-5 cells
were transfected at 37°C for 8 h and were used in subsequent
experiments 48 h post-transfection.

Quantitative PCR (qPCR). Total RNA was isolated from
MRC-5 cells using TRIzol® (cat. no. 15596026; Thermo
Fisher Scientific, Inc.). The concentration and quality of RNA
were determined using an ND-2000 Spectrophotometer. The
extracted RNA was reverse-transcribed into cDNA using a
HiScript Reverse Transcriptase kit (Vazyme Biotech Co., Ltd,
China). Thermocycling conditions for RT-PCR were 25°C
for 5 min, 50°C for 45 min and 85°C for 2 min, followed by
holding at 4°C. quantitative PCR (QPCR) was performed with
the KAPA SYBR FAST qPCR kit (Kapa Biosystems) using
a SimpliAmp™ PCR System (Thermo Fisher Scientific,
Inc.). The thermocycling conditions were as follows: 95°C
for 5 min, followed by 40 cycles at 95°C for 10 sec, 60°C
for 30 sec and 72°C for 30 sec. The primers for gPCR were
designed using Primer 5.0 (Premier Biosoft International).
The primer pairs used were as follows: GAPDH (gene acces-
sion no. AF275320) forward, 5-TGACTTCAACAGCGA
CACCCA-3' and reverse, 5'-CACCCTGTTGCTGTAGCC
AAA-3"; GASS5 (gene accession no. NR_152533) forward,
5'-GTGTCCCCAAGGAAGGATGA-3' and reverse, 5'-GTA
GTCAAGCCGACTCTCCA-3"; NLRP3 (gene accession
no. AB120959) forward, 5-GCTGGCATCTGGATGAGG
AA-3" and reverse, 5'-GTGTGTCCTGAGCCATGGAA-3';
hsa-miR-223-3p-RT, 5-GTCGTATCCAGTGCAGGGTCC
GAGGTATTCGCACTGGATACGACTGGGGT-3'; hsa-
miR-223-3p forward, 5'-TTGTCAGTTTGTCAA-3' and
reverse, 5'-CAGTGCAGGGTCCGAGGT-3'; hsa-miR-223-3p
mimic, 5-UGUCAGUUUGUCAAAUACCCC-3'; hsa-miR-
223-3p inhibitor, 5-GGGGUAUUUGACAAACUGACA-3
hsa-miRNA mimic NC, 5-UUUGUACUACACAAAAGU
ACUG-3"; hsa-miRNA inhibitor NC, 5-CAGUACUUUUGU
GUAGUACAAA-3"; hsa-U6 forward, 5'-CTCGCTTCGGCA
GCACA-3' and reverse, 5" AACGCTTCACGAATTTGC
GT-3'. GAPDH and small nuclear RNA U6 were used as
internal references to normalize the expression of mRNA and
miRNA, respectively. The samples were analyzed in triplicate.
The data were quantified using the 2244 method (40).

Immunofluorescence analyses. Immunofluorescence staining
of MRC-5 cells was performed as previously described (41).
MRC-5 cells plated onto cover glasses were fixed with 4%
paraformaldehyde for 15 min and then blocked in 5% BSA
for 1 h both at room temperature. Fixed MRC-5 cells were
incubated at 4°C overnight with rabbit anti-caspase-1, followed
by incubation with anti-rabbit IgG 594 secondary antibodies
(1:200 dilution; cat. no. ab150080; Abcam) for 1 h at 37°C.
The images were acquired using a fluorescence microscope
(Nikon E800; Nikon Corporation) equipped with a digital
camera (1200F; Nikon Corporation) and image acquisition
software (NIS-Elements AR 3.2; Nikon Corporation). A total
of three independent samples in each group were included for
quantitative analysis in the present study.

Apoptosis analysis. MRC-5 cells were treated with 10 pg/ml
LPS for 48 h. The cells were subjected to a TUNEL assay
according to the manufacturer's instructions (Dead End
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Fluorometric TUNEL System; Promega Corporation). Briefly,
treated MRC-5 cells were fixed with 4% paraformaldehyde
phosphate at 4°C for 10 min. Subsequently, the cells were
rinsed briefly with PBS, and then permeabilized with 0.1%
Triton X-100 for 2 min on ice. Then, the cells were incubated
with TUNEL reagent in the dark for 1 h at 37°C. The cells
were rinsed with PBS and counterstained with 10 ug/ml
DAPI at 37°C for 5 min. After the sections were sealed with
neutral resin (cat. no. 96949-21-2; Sinopharm Chemical
Reagent Co., Ltd.), fluorescence in three random fields of
view was measured using a fluorescence microscope (Nikon
E800; Nikon Corporation) equipped with a digital camera
(1200F; Nikon Corporation) and image acquisition software
(NIS-Elements AR 3.2, Nikon Corporation).

Cell Counting kit-8 (CCK-8). MRC-5 cells were routinely
cultured in 96-well plates (4x10* cells/well) for 24 h.
Subsequently, 10 ul Cell Counting kit-8 (CCK-8) solution
(Dojindo Laboratories, Inc.) was added to the medium and the
cells were incubated for 2 h at 37°C with 5% CO,. The optical
density value was measured at a wavelength of 450 nm with
a Spectrafluor microreader plate (Molecular Devices, LLC).
These experiments were repeated three times.

Bioinformatics analysis. StarBase database v2.0 (https://star-
base.sysu.edu.cn/index.php/) was used to predict the binding
site of GASS5 and miR-223-3p. miR-223-3p and NLRP?3 target
site was predicted using RNAhybrid v2.2 (https://bibiserv.
cebitec.uni-bielefeld.de/rnahybrid).

Luciferase activity assay. The binding of GASS5 with
miR-223-3p was validated using dual-luciferase reporter
assay. Hsa-miR-223-3p mimics and hsa-miR-223-3p inhibitor
were designed and synthesized by Shanghai GenePharma
Co., Ltd. as follows: Mimics, 5-UGUCAGUUUGUCAAA
UACCCC-3"; mimic NC, 5-UUUGUACUACACAAAAGU
ACUG-3"; miR-223-3p inhibitor, 5'-GGGGUAUUUGAC
AAACUGACA-3' and inhibitor NC, 5'-CAGUACUUUUGU
GUAGUACAAA-3'". Wild-type (WT) and mutant (MUT)
GASS5 or NLRP3 3' untranslated regions were overexpressed
and then cloned into the luciferase reporter vector pmirGLO
(Promega Corporation). 293T cells were cultured at 37°C
overnight to 70-80% confluence, then ~2x10° cells were
seeded into 24-well plates. After culturing for 24 h, 293T cells
were co-transfected with luciferase plasmids and miR-223-3p
mimics using Lipofectamine® 3000 (Thermo Fisher Scientific,
Inc.). After 48 h, luciferase activity was determined using a
Dual-Luciferase Reporter Assay kit (cat. no. FR201-01;
TransGen Biotech Co., Ltd.) by Eppendorf BioSpectrometer
fluorescence (BioPhotometer® D30; Eppendorf), and firefly
luciferase activity was normalized against Renilla luciferase
activity.

Lactate dehydrogenase (LDH) assay. LDH release was
measured using an LDH Cytotoxicity Assay kit (cat. no. C0017;
Beyotime Institute of Biotechnology) as previously
described (42). Supernatants from Control, NC and OE-GASS5
MRC-5 cells were collected and 10% (vol/vol) LDH release
reagent was added. LDH release was measured at an optical
density of 490 nm using the Eppendorf BioSpectrometer
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fluorescence. Cytotoxicity was calculated as % x (experimental
LDH release-cell spontaneous LDH release)/(maximum LDH
release-cell spontaneous LDH release).

ELISA. Suitably treated MRC-5 cells were cultured for 24 h in
DMEM with 10% FBS. The supernatant was collected to detect
the levels of IL-2, IL-6, IL-10 and TNF-a using their respec-
tive kits according to the manufacturer's instructions. IL-2
Human ELISA kit (cat. no. EH2IL22), IL-6 Human ELISA kit
(cat. no. EH2IL6), IL-10 Human ELISA kit (cat. no. EHIL10)
and TNF-a Human ELISA kit (cat. no. BMS223HS) were
purchased from Thermo Fisher Scientific, Inc. The calibration
curves were plotted on semi-log papers, and the optical density
values of samples were calculated from the standard curve for
three assays.

RNA immunoprecipitation (RIP). To validate the interaction
between GASS5 and miR-223-3p binding proteins, the Magna
RIP kit (cat. no. 17-700; Millipore) was used as previously
described (43). MRC-5 cells (1x107 in each group) were washed
with cold PBS and harvested with cell scrapers. MRC-5 cells were
lysed using RIP Lysis Buffer (150 mM KCI, 25 mM Tris pH 74,
5 mM EDTA, 0.5% NP40, 100 ul for per IP reaction) supple-
mented with RNase and protease cocktail inhibitor, followed by
centrifugation at 12,000 x g and 4°C for 1 min. The supernatants
were collected and incubated with 5 ug Argonaute-2 antibody
(1:1,000, cat. no. 233727; Abcam) or control IgG to capture the
RNAs used for qPCR. Magnetic beads for immunoprecipita-
tion were prepared according to the kit instructions. The RNA
binding protein-RNA complexes were immunoprecipitated
with premade magnetic beads at 4°C overnight with agitation.
Then the immunocomplex was precipitated using protein G
Dynabeads (40 ul for per IP reaction). After washing the beads
with ice-cold RIP Wash Buffer from the Magna RIP kit, the
RNA binding proteins were digested with proteinase K at 55°C
for 30 min with shaking. The purified RNA was isolated with
TRIzol® reagent (cat. no. 15596018; Thermo Fisher Scientific,
Inc.) and reverse transcribed, and the relative gene expression
of GASS5 and miR-223-3p was measured by qPCR, which was
performed as described above.

Statistical analysis. Statistical analysis was performed using
GraphPad Prism software (8.0; GraphPad Software, Inc.).
Each experiment was repeated three times. Data are presented
as the mean + standard deviation. Unpaired Student's t-test
was used for two group comparisons and one-way ANOVA
followed by Duncan's post hoc test was used for multiple
comparisons. P<0.05 was considered to indicate a statistically
significant difference.

Results

MRC-5 cells display characteristic features of pyroptosis after
LPS treatment. Pyroptosis is a unique form of inflammatory
cell death, which depends on the activation of caspase-1, IL-1p
and IL-18 (16). To elucidate the relationship between COPD
and pyroptosis, the present study revealed that after 10 ug/ml
LPS treatment, the expression levels of caspase-1, IL-1f3, IL-18
and cleaved N-terminal GSDMD were increased in MRC-5
human lung fibroblast cells (Fig. 1A and B).

LPS induces GASS expression. IncRNA GASS, a well-known
tumor suppressor IncRNA, aggravates apoptosis and inflamma-
tion in several human diseases, including myocardial infarction
and multiple sclerosis (7,44,45). However, whether IncRNA
GASS is involved in LPS-induced pyroptosis of MRC-5 cells
is not fully understood. The level of GASS was significantly
increased (3.31+£0.48) after LPS treatment in MRC-5 cells
compared with that in the control group (1.05+0.09) (Fig. 1C;
P<0.001), indicating that GASS5 is involved in the pyroptosis of
MRC-5 cells. Additionally, LPS exposure markedly increased
the levels of pro-inflammatory factors IL-2, IL-6, IL-10 and
TNF-a in MRC-5 cells (Fig. 1D). The results demonstrated
that IncRNA GAS5 might be associated with the release of
inflammatory factors that induce pyroptosis.

Upregulation of IncRNA GASS5 induces pyroptosis. To explore
the role of IncRNA GASS in pyroptosis, IncRNA GASS5 was
first overexpressed (OE-GASS) and it was demonstrated that
the mRNA expression level of the IncRNA GASS5 group was
7-fold higher than that of the control and negative control (NC)
groups (Fig.2A). Upregulation of GASS efficiently induced cell
death assessed by a TUNEL assay, while it significantly inhib-
ited cell proliferation at the fifth day as examined by a CCK-8
assay in MRC-5 cells (Fig. 2B and C). In addition, highly
expressed GASS significantly enhanced the release of LDH,
an inflammatory response marker, suggesting an increased
inflammatory response (Fig. 2D). Overexpression of IncRNA
GASS significantly increased the protein levels of caspase-1,
IL-1p, IL-18 and cleaved N-terminal GSDMD (Fig. 3A and B).
Immunofluorescence analyses revealed that upregulation
of IncRNA GASS5 promoted the expression of caspase-1 in
MRC-5 cells (Fig. 3C). Furthermore, overexpression of GASS
significantly promoted the expression of the pro-inflammatory
factors IL-2, IL-6, IL-10 and TNF-a (Fig. 3D). Additionally,
overexpression of IncRNA GASS5 notably increased the level
of NLRP3 (Fig. 3E), one of the key elements in the NLRP3
inflammasome complex (17).

GASS5 positively regulates NLRP3 expression by sponging
miR-223-3p. To examine the mechanisms by which GASS
positively regulated NLRP3 expression, it was predicted that
GASS could serve as a miRNA sponge. The StarBase database
identified that GASS can bind to miR-223-3p (Fig. 4A). The
miRNA mimics and inhibitors of miR-223-3p were transfected
into MRC-5 cells to achieve ectopic miRNA expression, and
the results revealed that miR-223-3p expression was increased
by miR-223-3p mimics and suppressed by miR-223-3p
inhibitors (Fig. 4B). Luciferase reporter assays were used to
detect whether GAS5 binds miR-223-3p directly. A decrease
in luciferase reporter activity was determined in 293T cells
when NLRP3 was co-transfected with miR-223-3p mimics,
but not with the negative control (Fig. 4C). Subsequently, the
RIP assay using an antibody against argonaute RISC catalytic
component 2 or IgG antibody showed that GAS5-WT directly
interacted with miR-223-3p (Fig. 4D).

Furthermore, RNAhybrid 2.2 showed that miR-223-3p
targets NLRP3 (Fig. 4E). A dual luciferase reporter assay
showed decreased luciferase activity in 293T cells co-trans-
fected with miR-223-3p and NLRP3-WT compared with that
in cells co-transfected with miR-223-3p and NLRP3-MUT,
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Figure 1. LPS treatment induces pyroptosis in MRC-5 cells. MRC-5 cells were treated with 10 yg/ml LPS for 48 h. (A) Protein expression levels of pro-caspase-1,
caspase-1, IL-1f3, IL-18 and N-GSDMD in LPS-treated MRC-5 cells were measured using western blotting; three sets of representative blots are shown.
(B) Semi-quantification of gene expression normalized to GAPDH. (C) GAS5 mRNA expression levels in LPS-treated MRC-5 cells. (D) Quantitative measure-
ment of IL-2, IL-6, IL-10 and TNF-a in LPS-treated MRC-5 cells using ELISA. The results are presented as the mean + SD (n=3; "P<0.05, “"P<0.001 vs.
control). LPS, lipopolysaccharide; GASS, growth arrest-specific 5; N-GSDMD, cleaved N-terminal gasdermin D.

which verified the binding between NLRP3 and miR-223-3p.
However, the relative luciferase activity of the NLRP3-MUT
co-transfected with miR-223-3p group was not mark-
edly changed compared with that of the NLRP3-MUT
co-transfected with miRNA-NC group (Fig. 4F). Furthermore,
overexpression of GASS significantly inhibited miR-223-3p
expression and increased that of NLRP3 as confirmed by
gqPCR (Fig. 4G). Thus, it was concluded that GAS5 induced
pyroptosis in MRC-5 cells by targeting miR-223-3p/NLRP3.

Discussion

Aberrant expression of IncRNAs is involved in several
pulmonary disorders, revealing the association of IncRNAs
with the pathogenesis of these diseases (46). GASS, a
well-studied IncRNA, is involved in the progression and
prognosis of multiple cancers (47-49). It has been demon-
strated that GAS5 expression is notably increased in asthma to
control the regulatory T/T helper 17 cells balance and gluco-
corticoid activity, while it is decreased in non-small cell lung
cancer (NSCLC) to regulate the PTEN/PI3K/AKT signaling
pathway (50-52). Nonetheless, to the best of our knowledge, no

studies on the expression or function of GASS in COPD have
been published. In the present study, increased GAS5 expres-
sion was verified in COPD model cells. Furthermore, it was
observed that the overexpression of GASS5 induced MRC-5
cell death that was caused by the activation of caspase-1 and
inflammasomes. Thus, it was concluded that GASS is involved
in the regulation of pyroptosis in COPD.

COPD is a multifactorial, multi-mechanical disease
with high morbidity and mortality (53), the pathogenesis of
which involves numerous pathophysiological processes, such
as the inflammatory response, oxidative stress, apoptosis,
protease/antiproteinase imbalance, production of autoanti-
bodies, alteration in cell proliferation, and cellular aging (54).
Pyroptosis, characterized by DNA damage and membrane
rupture, is known as a unique form of caspase-1-dependent
cell death (16). Caspase-1 regulates the splicing of inactive
pro-IL-1p and pro-IL-18 into mature inflammatory cytokines
IL-1p and IL-18 to mediate pyroptosis (55). In the present
study, it was revealed that LPS treatment of MRC-5 cells
significantly induced caspase-1, IL-18 and IL-1f gene expres-
sion, indicating that pyroptosis is involved in the development
of COPD. However, the specific mechanisms remain unclear.
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Figure 2. GASS induces cell death and inhibits the proliferation of MRC-5 cells. (A) mRNA expression levels of GASS were evaluated after transfection
of lentivirus vectors containing human GASS full-length. (B) GASS5 overexpression in MRC-5 cells induced apoptosis as measured using a TUNEL assay.
Scale bar, 50 gm. (C) Cell proliferation quantified in GAS5-overexpressing MRC-5 cells. (D) Cell death was assessed by lactate dehydrogenase release. The
results are presented as the mean + SD (n=3; “"P<0.001 vs. control). GAS5, growth arrest-specific 5; LDH, lactate dehydrogenase; OD, optical density; OE,

overexpression; NC, negative control.

GASS, one of the most well-established tumor-suppressive
IncRNAs, is associated with cell death in multiple human
malignancies (35,56,57). GASS regulates cell growth arrest
and induces apoptosis through p53- or E2 factor 1-dependent
pathways in NSCLC (58). GASS5 promotes vascular smooth
muscle cell growth arrest and apoptosis in vascular remod-
eling (44). Exosomal GASS silencing reduces the apoptosis
of macrophages and vascular endothelial cells in atheroscle-
rosis (57). Overexpression of GASS5 decreases the level of
IL-18 and induces the apoptosis of fibroblast-like synovio-
cytes (59). Additionally, GAS5 overexpression decreases cell
inflammatory responses and apoptosis in LPS-treated MLE-12
cells (60). To the best of our knowledge, at present, there is no
evidence illustrating the exact role of GASS in COPD.

In the present study, it was revealed that GASS expres-
sion was significantly increased in LPS-treated MRC-5
cells, suggesting that GAS5 might be associated with the
pathogenesis of COPD. At the same time, upregulation of
GASS induced the release of IL-2, IL-6, IL-10 and TNF-a.,
which is different from the function of GAS5 in MLE-12 cells
and fibroblast-like synoviocytes, in which overexpression of
GASS decreases cell inflammatory responses (57,59). The
aforementioned results indicated that GASS5 served opposite
roles in inflammatory responses in different diseases. IL-10

exhibits diverse effects in the immune response. On the one
hand, IL-10 is an anti-inflammatory cytokine that suppresses
the expression or function of multiple inflammatory cytokines,
including IFN-y, TNF-a and IL-6. On the other hand, IL-10
can enhance immune events, such as immunoglobulin produc-
tion by B cells, the cytotoxicity of natural killer cells and CD8*
T cells (61,62). An increased IL-10 concentration has been
identified in the blood samples of patients with COPD (63),
which might lead to immunosuppression and reduce the
inflammatory response in COPD progression. Additionally,
the present study also revealed that overexpression of GASS
promoted death and inhibited proliferation by activating
caspase-1,IL-1p,IL-18 and NLRP3 in MRC-5 cells. Caspase-1
activation is mediated by inflammasomes, including NLRP3,
NLR family pyrin domain containing 1b (NLRP1b) and NLR
family card domain containing 4 (NLRC4) (64). In the present
study, it was only demonstrated that overexpression of GASS
increased the level of NLRP3 without further investigating if
IncRNA GASS5 promotes pyroptosis by regulating NLRP1b
and NLRC4 inflammasomes, which should be investigated in
the future.

IncRNAs have been demonstrated to regulate gene expres-
sion as ceRNAs (65). This means IncRNAs can regulate the
target gene expression by competitively binding to the response
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Figure 3. Overexpression of IncRNA GASS5 induces characteristic features of

pyroptosis in MRC-5 cells. (A) Protein expression levels of pro-caspase-1,

caspase-1, IL-1f3, IL-18 and N-GSDMD in GAS5-overexpressing MRC-5 cells were measured using western blotting and three sets of representative
blots are shown. (B) Semi-quantification of gene expression normalized to GAPDH. (C) Immunofluorescence staining showing the levels of caspase-1 in
GASS5-overexpressing MRC-5 cells. Scale bar, 50 gm. (D) Quantitative measurement of IL-2, IL-6, IL-10 and TNF-a in GASS5-overexpressing MRC-5 cells
using ELISA. (E) Protein expression levels of NLRP3 in GAS5-overexpressing MRC-5 cells were measured using western blotting. Semi-quantification of
NLRP3 expression normalized to GAPDH and three sets of representative blots are shown. The results are presented as the mean + SD (n=3; "P<0.05, “P<0.01,
“*P<0.001 vs. control). N-GSDMD, cleaved N-terminal gasdermin D; GAS35, growth arrest-specific 5; IncRNA, long non-coding RNA; NLRP3, NLR family

pyrin domain containing 3; NC, negative control; OE, overexpression.

elements within miRNA. For example, IncRNA H19 promotes
acute lymphoblastic leukemia by sponging miR326 to reduce
BCL-2 expression (66). Long intergenic non coding RNA 1184
increases the proliferation and invasion of colorectal cancer
by targeting the miR-331/HER2-p signaling pathway (67).
Furthermore, ceRNA networks have also been reported to

regulate the progression of COPD. IncRNA SNHGS, cancer
susceptibility 2 and RP11-86H7.1 have all been reported to
serve as miRNA sponges and keep miRNA away from its
target genes through ceRNA networks to serve important
roles in the progression of COPD (28,68,69). However, to
the best of our knowledge, at present, no study has reported
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Figure 4. GASS targets the miR-223-3p/NLRP3 axis. (A) Bioinformatics analysis was used to predict the binding site of GASS to miR-223-3p. (B) Transfection
efficiency of miR-223-3p mimics and inhibitor was analyzed using qPCR. (C) GASS5 binds to the putative target sites of miR-223-3p as verified using a
luciferase assay. (D) RIP assay followed by qPCR was used to determine GASS and miR-223-3p expression. (E) Bioinformatics analysis was used to predict
the binding site of miR-223-3p to NLRP3. (F) miR-223-3p binds to the putative target sites of NLRP3 as verified using a luciferase assay. (G) Expression levels
of miR-223-3p and NLRP3 in GAS5-overexpressing MRC-5 cells were measured using qPCR. The results are presented as the mean = SD (n=3; "P<0.05,
“P<0.01, “"P<0.001 vs. control). GAS5, growth arrest-specific 5; NLRP3, NLR family pyrin domain containing 3; miR-223-3p, microRNA 223-3p; 3' UTR,
3' untranslated region; Ago2, argonaute RISC catalytic component 2; OE, overexpression; NC, GASS overexpression negative control lentivirus vectors; RIP,
RNA immunoprecipitation; qPCR, quantitative PCR; WT, wild-type; MUT, mutant; NS, no significant difference.

the role of GASS5 in COPD. It needs to be explored whether
GASS can serve as a ceRNA in COPD. In the present study, a
series of experiments demonstrated that GAS5 could directly
bind to miR-223-3p. At present, there is only one report
that miR-223-3p is increased in patients with COPD (70).
In contrast to this conclusion, the present results are in line
with existing knowledge suggesting that miR-223-3p acts as
a tumor suppressor in lung squamous cell carcinoma (71),
and colon (72), prostate (73) and ovarian cancer (74). This
divergence may be due to the difference of in vitro and in vivo
experimental environments and the influence of the qualitative
difference across cell types. Additionally, it was also revealed
that miR-223-3p could directly bind to NLRP3, which is in line
with previous reports regarding the role of miR-223-3p (75).
Therefore, it was concluded that GASS could regulate COPD
progression by targeting the miR-223-3p/NLRP3 axis.

These findings provide knowledge regarding the
pathogenesis of COPD. The present study provided evidence
that IncRNA GAS5 may function as a regulator of pyroptosis
in COPD by targeting the miR-223-3p/NLRP3 axis. GASS5
overexpression promoted cell death via the regulation of
caspase-1, IL-18 and IL-1p expression in MRC-5 cells. To
the best of our knowledge, the present study was the first
to validate the role of GASS5 during COPD progression.
However, the present study only upregulated IncRNA GASS5
in in vitro experiment to support the above conclusion.
More evidence is required to validate the predictions and
conclusions of the present study, for example, in in vivo as
well as clinical studies.

There are certain limitations of the present study. For
example, the in vitro experiments were only performed
in MRC-5 cells, and thus, further experiments should be
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performed in more cell lines to confirm the findings reported
in the present study. Additionally, LPS-treated MRC-5 cells
can also be used as a model for other diseases, such as pneu-
monia and acute respiratory distress syndrome (46,76). Thus,
the results in the present study need to be verified in improved
COPD models. Due to the limited experimental conditions,
the role and mechanisms of GASS in COPD have not been
confirmed in any animal model or human tissue samples.
Thus, there are still some deficiencies in the present study, and
a lot of work is required in the future.

In conclusion, the results of the present study suggested
that IncRNA GASS5 expression was significantly increased
in a COPD cell model. Overexpression of GAS5 promoted
pyroptosis by targeting miR-223-3p/NLRP3 in MRC-5 cells.
These findings suggest that GASS serves an important role in
the progression of COPD.
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