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Asthma has signiﬁcant impacts on living quality particularly in children. Long noncoding RNA (lncRNA)
MALAT1 plays a crucial role in neonatal respiratory diseases. Meanwhile, MALAT1 knockdown could induce
viability and attenuate apoptosis of airway-related cells. However, the role of MALAT1 in neonatal asthma,
asthma-related cell, and its possible mechanism is unclear. This study aims to investigate MALAT1 level in
asthma and to identify the effects of MALAT1 on bronchial/tracheal smooth muscle cells (B/TSMCs).
Newborn asthma modeling rat was constructed by introducing ovalbumin (OVA). MALAT1 levels in tissues or
B/TSMCs were determined by RT-qPCR. Exogenous changes of MALAT1, RyR2 or miR-133a in B/TSMCs
were fulﬁlled by cell transfection; cell apoptosis was measured by using Cell Death Detection ELISA kit and
Hochest33342; IL-6, TNF-a and IL-1b level was detected by using corresponding ELISA kit; ryanodine
receptor 2 (RyR2) mRNA and miR-133a level was determined by RT-qPCR; cleaved caspase-3 (c-caspase-3)
and RyR2 expression was detected by Western blot; luciferase reporter assay was performed to conﬁrm the
target regulation of miR-133a on RyR2. We found that MALAT1 was signiﬁcantly upregulated in tracheal
tissues of newborn asthma modeling rats. In MALAT1-silenced or -overexpressed B/TSMCs, we found a
synchronous change of cell apoptosis, inﬂammatory factor secretion (IL-6, TNF-a, and IL-1b) or RyR2 level,
but a reverse change of miR-133a level with MALAT1. Besides, MALAT1 induced B/TSMCs apoptosis and
inﬂammation increase could be partially reversed when RyR2 was silenced or when miR-133a was overexpressed. The luciferase reporter assay conﬁrmed that RyR2 is a direct target gene of miR-133a in B/TSMCs.
Finally, we conclude that MALAT1 knockdown could protect from B/TSMCs injury via regulating miR-133a/
RyR2 axis.
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1. Introduction
Asthma is one of the most common chronic inﬂammatory diseases, which is mainly consisting of recurrent
airway
obstruction,
bronchial
hyperresponsiveness, and airway inﬂammatory cell inﬁltration. The symptoms of asthma generally includes
recurrent wheezing, chest tightness, cough, as well as
sensation and shortness of breath (Han et al. 2016; Hsu
et al. 2016). Nowadays the incidence of childhood
http://www.ias.ac.in/jbiosci

asthma is increasing year by year. The United States
reported that the incidence of asthma and wheezing in
children is as high as 9. 4% (about 7 million), and the
number of asthma-related deaths is 7, 000 per year
(Dinakar and Chipps 2017). The pathogenesis of
asthma refers to numerous genetic factors and environmental factors like allergens (Dutmer et al. 2016;
Gagro 2011). For a long time, asthma has signiﬁcant
impacts on living quality particularly in children, in
some way due to the higher incidence of allergies in

28

Page 2 of 12

Mingzhu Yang and Li Wang

them (Chang 2012). For children, asthma is generally
characterized by its heterogeneity in terms of etiology,
degree of inﬂammatory response, airway obstruction as
well as pulmonary function (Gagro 2011). Therefore,
timely diagnosis and treatment are essential to prevent
inﬂammatory response, airway remodeling and pulmonary function decline. Although there are some
effective strategies for asthma prevention and treatment
in children, the risk factors and speciﬁc mechanisms of
pediatric asthma are still unclear.
Long noncoding RNA (LncRNA) belongs to noncoding RNAs with a length about 200 nucleotides or
more (Li et al. 2016), which plays important roles in a
wide range of biological processes thus has relevance
with multiple human diseases for example cancer and
cardiovascular disease (Zhang et al. 2018). In recent
years, accumulated studies have demonstrated that
lncRNA is also associated with the pathogenesis of
asthma (Omran et al. 2013; Zhu et al. 2018). For
instance, Austin PJ et al. identiﬁed that lnRNA plasmacytoma variant translocation (PVT1) is a novel
regulator of the asthmatic phenotype in human airway
smooth muscle (Austin et al. 2017). The lncRNA
metastasis-associated lung adenocarcinoma transcript 1
(MALAT1) has been reported to implicate in tumor
progression (Cheng et al. 2018a, b; Orlandi et al.
2019), liver damage (Sookoian et al. 2018), and
osteoarthritis (Zhang et al. 2019), while rarely in crosstalk of respiratory disease. The discovery that
MALAT1 knockdown could induce the viability and
attenuate the apoptosis of airway related cells, made
MALAT1 to be a hopeful therapeutic target of neonatal
respiratory distress syndrome (NRDS) (Juan et al.
2018; Li et al. 2018a, b). Additionally, in asthma, airway remodeling may coexist with airway inﬂammation, causing the occurrence and persistence of chronic
inﬂammation due to airway smooth muscle cell
inﬂammation and proliferative hypertrophy (B Andrew
2008). Studies have revealed that some lncRNAs could
regulate proliferation or inﬂammatory response of airway smooth muscle cells during the development of
asthma, such as PVT1 (Austin et al. 2017) and
BCYRN1 (Zhang et al. 2016). It has been also reported
that MALAT1 can regulate the occurrence and development of diseases by participating in a variety of noncancer cell proliferation, apoptosis, and inﬂammatory
reactions (Li et al. 2018a, b). For example, the release
of pro-inﬂammatory cytokine and apoptosis of human
coronary artery endothelial cells were markedly elevated when MALAT1 was overexpressed (Li et al.
2018a, b). Besides, MALAT1 could also promote
proliferation, angiogenesis, and immunosuppressive

properties of mesenchymal stem cells by inducing
vascular endothelial growth factor (VEGF) (Li et al.
2017). Currently, the role of MALAT1 in pediatric
asthma or airway smooth muscle cells is still unknown.
MicroRNAs (miRNAs) are short noncoding
endogenous RNAs with a length of 18–25 nucleotides,
which regulate gene-expression by binding and
inhibiting mRNA post-transcriptionally (Lu and
Rothenberg 2018; Simonson and Das 2015). Evidences
have suggested that lncRNAs function as endogenous
miRNA sponges by binding to miRNAs and then
causing malfunction of various pathological and
physiological processes (Ahmed et al. 2016). Previously, studies have revealed that miRNAs like MiR3162–3p (Fang et al. 2016)and microRNA-19b (Ye
et al. 2017)could regulate the functions of airway in
asthma animal models. Besides, microRNA-1 downregulation could regulate smooth muscle hypertrophy
during asthmatic disease (Chen et al. 2006). MicroRNA-155 knockout mice exhibited rapid airway
remodeling and collagen deposition in smooth muscle
cells (Nicolas et al. 2009). A discovery that microRNA-133a downregulation-mediated ras homolog
gene family member A (RhoA) increase could regulate
bronchial smooth muscle (BSM) contraction (Chiba
and Misawa 2010), hints that miRNA-133a may
implicate in smooth muscle function in asthmatics,
which also aroused our interest.
In the present study, newborn asthma modeling rat
was successfully constructed by introducing ovalbumin
(OVA). Then, we discovered that lncRNA MALAT1
was signiﬁcantly upregulated in tracheal tissues of
newborn asthma modeling rats. In MALAT1-silenced
or -overexpressed bronchial/tracheal smooth muscle
cells (B/TSMCs), we found a synchronous change of
cell apoptosis rate and inﬂammatory response with
MALAT1 levels. With the help of bioinformatics predictions, we conﬁrmed by experiments that MALAT1
induced B/TSMCs apoptosis and inﬂammatory
response may be partially fulﬁlled via its regulation on
miR-133a/RyR2 axis. Our ﬁndings identiﬁed the
adverse effects of MALAT1 on B/TSMCs, an important cell line for asthma research.

2. Materials and methods
2.1 Animals and neonatal rat asthma modeling
Speciﬁc pathogen free (SPF) male Wistar rats (weighing 50±5 g at the beginning of sensitization) were
purchased from Shanghai Laboratory Animal Research
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Center (Shanghai, China). After adaptive feeding with
aseptic operation in SPF animal room (room temperature: 25 ± 3°C; relative humidity: 40–60%; daily
artiﬁcial lighting: 12 h), rats were randomly divided
into control group and ovalbumin (OVA) group with 8
in each. For OVA group, rats were sensitized with 1 mg
OVA (Grade II; Sigma-Aldrich, St. Louis, MO, USA)
and 100 mg aluminum hydroxide (Al(OH)3; Aladdin
Industrial Corporation, Shanghai, China) in 1 mL
saline by intraperitoneal injection on the 1st and 8th
days (Ablimit et al. 2013; Cheng et al. 2018a, b);
starting on the 15th day, rats were challenged with
inhaled OVA aerosol (1% w/v solution diluted in
saline; Grade V; Sigma-Aldrich) generated by a nebulizer for 30 min each time and repeated every other
day for 6 days. For the control group, rats were
received treatments in the same way; however, they
were intraperitoneally injected with 1 mL saline followed by inhalation of saline aerosol. After the last
challenge for 24 h, rats were anesthetized with 1.5%
pentobarbital sodium (15 mg/kg; Sinopharm Chemical
Reagent Co., Ltd., Shanghai, China) by intraperitoneal
injection; the lung tissues were removed and
immersed in 10% formalin for ﬁxation and then
embedded in parafﬁn; and the tracheal tissues were
exposed and isolated for use. All animal protocols
were approved by the Ethics Committee on Animal
Experiments of Xian Yang Central Hospital and performed according to ofﬁcial recommendations of the
Chinese Community guidelines.

2.2 Hematoxylin-eosin (H&E) staining
The parafﬁn-wax sections of rat lung tissues with a
thickness of 4 lm were prepared, dewaxed and stained
with hematoxylin and eosin (H&E; Sigma-Aldrich) for
pathological observation. H&E stained sections were
observed at 2009 magniﬁcation under a light microscopy (Lu et al. 2010).

2.3 Cell line and cell culture
Human primary bronchial/tracheal smooth muscle cells
(B/TSMCs; cat No. PCS-130–011) were purchased
from American Type Culture Collection (ATCC,
Manassas, VA, USA). The cells were incubated in
Dulbecco’s modiﬁed Eagle’s medium (Gibco, Grand
Island, NY, USA) containing 10% fetal bovine serum
(Gibco), 100 lg/mL streptomycin (Sigma Aldrich) and
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100 U/mL penicillin (Sigma Aldrich) at 37°C with 5%
CO2.
2.4 Cell transfection
The siRNAs targeting MALAT1 (siMALAT1–1,
siMALAT1–2, siMALAT1–3) and its negative control
siRNA (siMALAT1-NC) were synthesized by GenePharma (Shanghai, China). Sequences of these siRNAs
were as follows: siMALAT1–1, sense: 50 -GAT CCA
TAA TCG GTT TCA AGG-30 , antisense: 50 -TTG AAA
CCG ATT ATG GAT CAT-30 ; siMALAT1–2, sense: 50 GGC AAU GUU UUA CAC UAU UTT-30 , antisense:
50 -AAU A GU GUA AAA CAU UGC CTA-30 ;
siMALAT1–3, sense: 50 -GAG GUG UAA AGG GAU
UUA UTT-30 , antisense: 50 -AUA AAU CCC UUU
ACA CCU CTT-30 ; si-MALAT1-NC, sense: 50 -UUC
UCC GAA CGU GUC ACG UTT-30 , antisense: 50 ACG UGA CAC GUU CGG AGA ATT-30 . B/TSMCs
seeded in 6 well plates reaching 80% conﬂuency were
transfected with 50 nM siMALAT1–1, siMALAT1–2,
siMALAT1–3, or si-MALAT1-NC using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instructions. For
MALAT1 overexpression, the full length cDNA of
human MALAT1 was ampliﬁed by RT-PCR with total
RNA extracted from B/TSMCs, and then cloned into
pcDNA3.1(?) vectors (Invitrogen, Carlsbad, CA,
USA) to generate pcDNA3.1(?)-MALAT1; and the
empty pcDNA3.1(?) vectors were used as its negative
control (pcDNA3.1(?)-NC). B/TSMCs in 6 well plates
(80% conﬂuency) were transfected with 10 lg
pcDNA3.1(?)-MALAT1
or
pcDNA3.1(?)-NC,
respectively. After transfection for 48 h, cells were
harvested to analysis MALAT1 levels by qRT-PCR to
verify transfection efﬁciency.
For RyR2 silencing, siRNAs targeting RyR2
(siRyR2–1, siRyR2–2, siRyR2–3) and its negative
control siRNA (siRyR2-NC) were synthesized by
Invitrogen. Sequences of them were as follows:
siRyR2–1, 50 -CAA GCG CAT CGA GAG GGT CTA
CTT T-30 ; siRyR2–2, 50 -AAG TAC GAG TTG GAG
ATG ACC-30 ; siRyR2–3, 50 -AAG TGG TTC TGC
AGT GCA CCG-30 ; siRyR2-NC (proprietary by
Invitrogen). B/TSMCs seeded in 6 well plates reaching
80% conﬂuency were transfected with 20 nM
siRyR2–1, siRyR2–2, siRyR2–3, or siRyR2-NC using
Lipofectamine 2000, respectively. Cells were harvested
to verify RyR2 levels by western blot post-transfection
for 48 h. For further mechanism research,
pcDNA3.1(?)-MALAT1 (10 lg) and siRyR2–3 (20
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nM), or pcDNA3.1(?)-MALAT1 (10 lg) and siRyR2NC (20 nM) co-transfected B/TSMCs were prepared
by methods described above.
For miR-133a overexpression, 50 nM miR-133a
mimics (miR-133a-mimic) or its negative controls
(miR-mimic-NC) purchased from GenePharma were
arranged to transfect B/TSMCs seeded in 6 well plates
by using Lipofectamine 2000, respectively. Similarly,
cells were harvested to verify miR-133a levels by qRTPCR post-transfection for 48 h. For further mechanism
research, pcDNA3.1(?)-MALAT1 (10 lg) and miR133a-mimic (50 nM), or pcDNA3.1(?)-MALAT1 (10
lg) and miR-mimic-NC (50 nM) co-transfected
B/TSMCs were prepared by methods described above.
2.5 Apoptosis assays
The apoptosis rate of B/TSMCs was evaluated by using
Cell Death Detection ELISA kit (Roche Diagnostics,
Penzberg, Germany). Brieﬂy, cell suspension was
prepared and centrifuged at 12000 rpm for 10 min.
After removing the supernatant, 200 lL lysis buffer
was added to cell pallets effecting for 30 min. Then, the
acquired cytoplasmic lysates were transferred onto a
streptavidin-coated plate adding with a mixture of antiDNA-POD and anti-histone-biotin effecting for 2 h.
Absorbance was measured at the wavelength of 405
nm.

Applied Biosystems Prism 7500 Fast Sequence
Detection System (Applied Biosystems, Foster City,
CA, USA) with SYBR Green PCR Master Mix (Applied Biosystems). Reaction parameters were set as
follows: 95°C for 5 minutes, 95°C for 45 s, then 57°C
for 30 s, 72°C for 1 min. Gene-special primers were
synthesized by Shanghai Sangon Biological Engineering and Technology Service (Shanghai, China); and its
sequences were as follows: for rat, MALAT1: 50 -TGC
TGC CTT TTC TGT TCC TT-30 (Forward) and 50 AAG GTG CTG GGT AGG GAA GT-30 (Reverse), bactin: 50 -AGA GGG AAA TCG TGC GTG AC30 (Forward) and 50 -CAA TAG TGA TGA CCT GGC
CGT-30 (Reverse); for human, MALAT1: 50 -GAC CCT
TCA CCC CTC ACC-30 (Forward) and 50 -TTA TGG
ATC ATG CCC ACA AG-30 (Reverse), RyR2: 50 -GAA
TTC ATC ATG GAT ACT CTA CC-30 (Forward) and
50 -GTC ATG CAC ATT ATC TTC TGC AT-30 (Reverse), b-actin: 50 -CCA TCA TGA AGT GTG ACG-30
(Forward) and 50 -GCC GAT CCA CAC GGA GTA-30
(Reverse), miR-133a: 50 -CTG CAT TGG TCC CCT
TCA AC-30 (Forward) and 50 -CAG TGC AGG GTC
CGA GGT AT-30 (Reverse), U6 small nuclear RNA
(U6 snRNA): 50 -CTC GCT TCG GCA GCA CA-30
(Forward) and 50 -AAC GCT TCA CGA ATT TGC GT30 (Reverse). The level of mRNA or miRNA was calculated using the 2-DDCT method. Data were normalized to b-actin (MALAT1, RyR2) or U6 (miR-133a).
2.8 Western blotting

2.6 Hochest33342 staining assay
B/TSMCs were seeded in 6-well plates (39105 cells/
well) and stained with Hoechst 33342 (5 lg/ml;
Thermo Fisher Scientiﬁc, Inc.) for 1 hour at 37°C.
After washing twice with PBS, images of the cells were
acquired by using an immunoﬂuorescent inverted ﬂuorescence microscope (Nikon TE2000; Nikon Corporation, Tokyo, Japan).

2.7 Reverse transcription quantitative real-time
PCR (RT-qPCR)
For rat trachea tissue and prepared B/TSMCs, total
RNA was extracted by using TRIzol reagent (Invitrogen). After quantitation, 5 lg total RNA from each
sample was reverse-transcribed into cDNA using
Reverse Transcription Reagent Kit (Promega, Madison,
WI, USA) as per the manufacturer’s instructions. RTPCR reactions were performed in triplicate on an

For prepared B/TSMCs, cells were lysed with RIPA
lysis buffer (Beyotime, Shanghai, China); and protein
concentration for each sample was detected by using
BCA Protein Assay Kit (Beyotime). A total of 50 lg
protein was separated by 10% SDS-PAGE, and then
electro-transferred onto polyvinylidene diﬂuoride
membranes (Bio-Rad Laboratories, Hercules, CA,
USA). After blocking with 0.5% skim milk powder at
room temperature for 1 hour, the obtained membranes
were incubated with speciﬁc primary antibodies at 4˚ C
overnight, and then incubated with the secondary
antibodies for 2 hours at room temperature. Antibodies
from Abcam (Cambridge, MA, USA) were as follows:
rabbit anti-human monoclonal cleaved-caspase 3 (Cat.
No: ab32042; dilution: 1:500), rabbit anti-human
monoclonal caspase-3 (Cat. No: ab32351; dilution:
1:4000), rabbit polyclonal RyR2 (Cat. No: ab59225;
dilution: 1:1000), rabbit polyclonal b-actin (Cat. No:
ab8227; dilution: 1:1500) primary antibodies; and
horse radish peroxidase-conjugated goat anti-rabbit
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IgG secondary antibodies (Cat. No: ab7090; dilution:
1:3500). The protein bands were visualized by using
Enhanced chemiluminescence reagents (ThermoPierce, Rockford, IL, USA). Detected bands of target
protein were quantiﬁed using Gel-Pro Analyzer 4.0
software (Media Cybernetics, LP, USA), and data were
normalized to b-actin or total caspase-3.

2.9 Determination of cytokine production
The secretion level of cytokines including IL-6, TNFa and IL-1b in cell culture supernatants was measured
by using corresponding ELISA kit (Boster, Wuhan,
China)
according
to
the
manufacturer’s
recommendations.
2.10 Luciferase reporter assay
To construct the pGL3-RyR2–30 untransfected region
(UTR) wild-type (WT) or mutant (Mut) reporter plasmid, the 30 -UTR sequence of RyR2 predicted to
interact with miR-133a or a mutated sequence within
the predicted target site of miR-133a was ampliﬁed by
RT-qPCR. Following, the acquired sequences were
cloned into the XbaI/FseI site of pGL3 vector (Promega, Madison, WI, USA). Before transfection, cells
were seeded in 24-well plates (29105 cells/well) and
cultured for 24 hours. The prepared WT or Mut
reported plasmid together with Renilla luciferase pRLTK vector (Promega) were co-transfected with miR133a-mimic or miR-mimic-NC into B/TSMCs using
Lipofectamine 2000. After co-transfection for 48 h,
luciferase activity was determined using the Dual-Glo
Luciferase assay system (Promega).
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3. Results
3.1 MALAT1 level is signiﬁcantly increased
in tracheal tissues of newborn asthma modeling rats
From ﬁgure 1A, an abnormal proliferation and thickening of smooth muscle layer could be obviously
observed at airway position in lung tissues of rats from
OVA group than that from control group. Subsequently,
we discovered that MALAT1 level in rat trachea tissues
was remarkably increased in OVA group when compared to control group (ﬁgure 1B, P\0.05). These data
indicated that MALAT1 level was signiﬁcantly
increased in tracheal tissues from newborn asthma
modeling rats.
3.2 MALAT1 regulates B/TSMCs apoptosis
and inﬂammatory factor secretion
In order to investigate the effects of MALAT1 on
B/TSMCs, MALAT1 was silenced and overexpressed,
respectively. Figure 2A displayed that MALAT1 was
successfully silenced in siMALAT1–1, siMALAT1–2,
and siMALAT1–3 group (P\0.05), among which
siMALAT1–3 group exhibited the best silencing efﬁciency thereby was applied in the following experiments. Data in ﬁgure 2B suggested that MALAT1 level
was markedly upregulated in pcDNA3.1(?)-MALAT1
group (P\0.05), which meets the requirements of follow-up experiments. In addition, apoptosis-related
indexs including cell apoptosis rate (ﬁgure 2C), the

2.11 Statistical analysis
All the experiments were performed in triplicate. Data
were described as mean ± standard deviation (SD) and
analyzed by SPSS 19.0 software (SPSS; Chicago, IL,
USA). Differences between two groups were analyzed
by Student’s t-test. Comparisons among more than two
groups were performed by One-way ANOVA followed
by LSD-t test. A P-value \0.05 was considered as
statistically signiﬁcant difference.

Figure 1. MALAT1 level is signiﬁcantly increased in
tracheal tissues of newborn asthma modeling rats. Rat
asthma modeling was constructed by using OVA. (A) H&E
staining images of rat lung tissues (2009 magniﬁcation).
(B) Relative MALAT1 levels in rat tracheal tissues by RTqPCR. Data in control group deemed as 1. n=8. * P\0.05 vs.
control group.
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Figure 2. MALAT1 regulates B/TSMCs apoptosis and inﬂammatory factor secretion. MALAT1 was silenced or
overexpressed in B/TSMCs by cell transfection described in methods. (A) Relative MALAT1 levels in B/TSMCs by RTqPCR (MALAT1 silencing). (B) Relative MALAT1 levels in B/TSMCs by RT-qPCR (MALAT1 overexpression). (C) Cell
apoptosis rate (%). (D) Images of hochest33342 straining. (E) The levels of c-caspase3 in B/TSMCs by western blotting.
(F) IL-6 levels in B/TSMCs. (G) TNF-a levels in B/TSMCs. (H) IL-1b levels in B/TSMCs. For A, B and E: data in control
group deemed as 1. For (A–H): *P\0.05 vs. control or siMALAT1-NC group; #P\0.05 vs. control or pcDNA3.1(?)-NC
group; n=3.

number of brillant blue cells stained by Hochest33342
(ﬁgure 2D) and relative cleaved-caspase 3 level
(ﬁgure 2E), as well as inﬂammatory indexs including
IL-6 level (ﬁgure 2F), TNF-a level (ﬁgure 2G) and IL1b level (ﬁgure 2H) were signiﬁcantly decreased in
siMALAT1–3 group than that in control and siMALAT1-NC group (P\0.05) while dramatically
increased in pcDNA3.1(?)-MALAT1 group than that
in control and pcDNA3.1(?)-NC group (P\0.05).
These discoveries indicated that MALAT1 could

facilitate B/TSMCs apoptosis and inﬂammatory factor
secretion.
3.3 MALAT1 induced B/TSMCs apoptosis
and inﬂammation increase could be partially
reversed by RyR2 siRNA
A previous study has proved that RyR2 was a typical
risk gene for allergic asthma in children (R Giampaolo
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et al. 2011). Whether the effects of MALAT1 on
B/TSMCs apoptosis and inﬂammatory factor secretion
are associated with RyR2 is unknown and interesting.
Through RT-qPCR and western blot, the level of RyR2
mRNA (ﬁgure 3A) and protein (ﬁgure 3B) was
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dramatically decreased in siMALAT1–3 group when
compared to control and siMALAT1-NC (P\0.05),
while markedly increased in pcDNA3.1(?)-MALAT1
group when compared to control and pcDNA3.1(?)NC group (P\0.05). Data in ﬁgure 3C suggested that

Figure 3. MALAT1 induced B/TSMCs apoptosis and inﬂammation increase could be partially reversed by RyR2 siRNA.
For mechanism research, pcDNA3.1(?)-MALAT1 and RyR2 siRNA co-transfected B/TSMCs were prepared. (A) Relative
RyR2 mRNA levels in B/TSMCs by RT-qPCR. (B) and (C): The levels of RyR2 protein in B/TSMCs by western blotting.
(D) Cell apoptosis rate (%). (E) IL-6 levels in B/TSMCs. (F) TNF-a levels in B/TSMCs. (G) IL-1b levels in B/TSMCs.
*P\0.05 vs. control or siMALAT1-NC group; #P\0.05 vs. control or pcDNA3.1(?)-NC group; &P\0.05 vs. control or
siRyR2-NC group; 5P\0.05 vs. pcDNA3.1(?)-MALAT1 group; n=3. For A, B and C, data in control group deemed as 1.
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RyR2 was successfully silenced in siRyR2–1,
siRyR2–2, and siRyR2–3 group (P\0.05), among
which siRyR2–3 group exhibited the best silencing
efﬁciency thereby was applied in following experiments. In addition, retest results showed that
pcDNA3.1(?)-MALAT1 induced increase of cell
apoptosis rate and inﬂammatory factor level (IL-6,
TNF-a and IL-1b) was signiﬁcantly inhibited in
pcDNA3.1(?)-MALAT1?siRyR2–3
group
(ﬁgure 3D–G, P\0.05). These results revealed that
MALAT1 induced B/TSMCs apoptosis and inﬂammation increase could be partially reversed when RyR2
was silenced.

B/TSMCs, RyR2 protein levels exhibited a signiﬁcant
decrease when compared to control and miR-mimicNC group (ﬁgure 5A, P\0.05). At this point, we have
reasons to speculate that MALAT1 may regulate miR133a/RyR2 axis in B/TSMCs. Meanwhile, a luciferase
reporter assay veriﬁed that RyR2 is a direct target gene
of miR-133a (ﬁgure 5B). These results demonstrated
that miR-133a/RyR2 axis is a downstream signal of
MALAT1 in B/TSMCs. In summary, we conclude that
MALAT1
knockdown
could
protects
from
bronchial/tracheal smooth muscle cell injury via regulating miR-133a/RyR2 axis.
4. Discussion

3.4 MALAT1 triggered miR-133a downregulation
contributed to MALAT1’s effects on B/TSMCs
apoptosis and inﬂammatory factor secretion
Through bioinformatics analysis by TargetScanHuman
7.2, it was predicted that miR-133a contains binding
sequence to MALAT1 (ﬁgure. 4A). By using RTqPCR, we found that the relative miR-133a level in
B/TSMCs was signiﬁcantly increased in siMALAT1–3
group than that in control and siMALAT1-NC group
(ﬁgure 4B, P\0.05), meanwhile signiﬁcantly decreased
in pcDNA3.1(?)-MALAT1 group than that in
pcDNA3.1(?)-NC and control group (ﬁgure 4B,
P\0.05), which suggested that MALAT1 could negatively regulated miR-133a level in B/TSMCs. Besides,
by introducing miR-133a-mimic, a marked increase of
miR-133a level was observed in miR-133a-mimic
group than that in control and miR-mimic-NC group
(ﬁgure 4C, P\0.05), indicating a successful transfection. After re-testing cell apoptosis rate (ﬁgure 4D), IL6 level (ﬁgure 4E), TNF-a level (ﬁgure 4F) and IL-1b
level (ﬁgure 4G), we conﬁrmed that MALAT1 overexpression induced increases of these indexs (P\0.05)
also emerged partial reversions when exogenous miR133a-mimic was introduced (P\0.05). These results
indicated that MALAT1 triggered miR-133a downregulation contributed to MALAT1’s effects on
B/TSMCs apoptosis and inﬂammatory factor secretion.
3.5 MiR-133a/RyR2 axis is a downstream signal
of MALAT1 in B/TSMCs
Similarly, through bioinformatics analysis, the 30 UTR
sequence of RYR2 was predicted to contain complementary sequence with miR-133a (ﬁgure 5B). Conﬁrmed by experiments, in miR-133a-mimic treated

Pediatric asthma belongs to a long course disease
characterized by high incidence and repeated attacks
(Shi et al. 2011). Understanding the pathogenesis of
asthma and seeking new approaches to treat asthma
possess signiﬁcant values. In our study, the effects of
MALAT1 on B/TSMCs apoptosis and inﬂammatory
response were clariﬁed. Herein, B/TSMC is a common
cell line during asthma-related researches, and its
dysfunction is a crucial factor for bronchial asthma
(Trian et al. 2007). In addition, we found out the
possible molecular mechanism for MALAT1 to exert
effects in B/TSMCs by experiments with the help of
bioinformatics predictions.
Accumulated evidences have suggested that
MALAT1 plays important roles in alternative splicing,
nuclear organization, and epigenetic modulating of
gene expression (Tripathi et al. 2010). A study by
Cardenas et al. found that MALAT1 participated in and
mediated the function of vascular smooth muscle cells
(VSMCs) in thoracic aortic aneurysm (Cardenas et al.
2018). Furthermore, MALAT1 knockdown could
modulate proliferation, autophagy and migration of
smooth muscle cell, thereby leading to cell cycle arrest
in G2 phase (Song et al. 2017). In a constructed
newborn asthma model rat, our study discovered that
MALAT1 level was signiﬁcantly increased in trachea
tissues of asthma modeling rats. Furthermore, the
introduction of exogenous MALAT1 could lead to the
increase of apoptosis rate and inﬂammatory factor
levels (IL-6, TNF-a, and IL-1b) in B/TSMCs, while
opposite results could be observed when MALAT1 was
silenced in B/TSMCs. These results hint that MALAT1
may involve in the injury and inﬂammatory responses
in asthma relying on its effects on B/TSMCs.
MALAT1 has been proved to be a key lncRNA in
regulating cellular inﬂammation. For instance, Zhao
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Figure 4. MALAT1 triggered miR-133a downregulation contributed to MALAT1’s effects on B/TSMCs apoptosis and
inﬂammatory factor secretion. For further mechanism research, pcDNA3.1(?)-MALAT1 and miR-133a-mimc co-transfected
B/TSMCs were prepared. (A) Matched sequence between MALAT1 and miR-133a by bioinformatics analysis. (B) and (C):
Relative miR-133a levels in B/TSMCs by RT-qPCR. (D) Cell apoptosis rate (%). (E) IL-6 levels in B/TSMCs. (F) TNF-a
levels in B/TSMCs. (G) IL-1b levels in B/TSMCs. *P\0.05 vs. control or siMALAT1-NC group; #P\0.05 vs. control or
pcDNA3.1(?)-NC group; &P\0.05 vs. control or miR-mimic-NC group; 5P\0.05 vs. pcDNA3.1(?)-MALAT1 group; n=3.
For B and C, data in control group deemed as 1.

et al. found that MALAT1 could inhibit lipopolysaccharide (LPS)-induced inﬂammatory response in macrophages through its interaction with nuclear factor-jB
(NF-jB) (Zhao et al. 2016). Contrarily, Puthanveetil
et al. (2015) found that MALAT1 level was upregulated in high glucose-stimulated endothelial cells,
which enhanced the expression of IL-6 and TNF-a by
stimulating serum amyloid protein A3 (SAA3) to exert
proinﬂammatory effect. It has also been reported that
MALAT1 level was upregulated in LPS-stimulated
cardiomyocyte leading to the increase of IL-6 and
further promoting TNF-a secretion via regulating
SAA3 (Zhuang et al. 2017). Hence, it’s worth noting that
the
proinﬂammatory
or
inhibitory

inﬂammatory role of MALAT1 in complex inﬂammatory factor networks remains complicated and inconsistent, which may be associated with different tissue or
cell type, or physiological processes. In our study,
MALAT1 was identiﬁed to play a proinﬂammatory role
in B/TSMCs.
The molecular mechanism of MALAT1 in regulating
B/TSMCs apoptosis and inﬂammatory response was
further clariﬁed. A newly study by Shao et al. reported
that miR-133a could alleviate airway remodeling in
asthma through PI3K/AKT/mTOR signaling pathway
by targeting IGF1R (Y Shao et al. 2019), indicating
miR-133a may be beneﬁt for the control of asthma.
Previous studies have demonstrated that miR-133a
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Figure 5. MiR-133a/RyR2 axis is a downstream signal of
MALAT1 in B/TSMCs. To conﬁrm whether RyR2 is a target
gene of miR-133a, luciferase gene reporter assay was
performed. (A) The levels of RyR2 protein in B/TSMCs
by western blot (miR-133a-mimic introduction). *P\0.05
vs. control or miR-mimic-NC group; data in control group
deemed as 1; n=3. (B) Matched sequence between miR-133a
and RyR2 and relative luciferase activity. *P\0.05 vs.
corresponding miR-mimic-NC group; data in miR-mimicNC group deemed as 1; n=3.

implicates in cell apoptosis and inﬂammatory response
in other cell types. For instance, Li et al. showed that
the overexpression of miR-133a could inhibit ischemia-reperfusion-induced cardiomyocyte apoptosis by
targeting Death Associated Protein Kinase 2 (Li et al.
2015a, b). Similarly, Li et al. found that miR-133a
signiﬁcantly suppressed the expression of apoptotic
proteins caspase-8, caspase-9, and caspase-3, while
improved the expression of Bcl-2 in cardiomyocytes
(Li et al. 2015a, b). Additionally, it was reported that
miR-133a increases caspase-1 p10 and IL-1b p17
cleavage activation through suppressing mitochondrial
uncoupling protein 2 (Bandyopadhyay et al. 2013).
Besides, Law et al. showed that expression dysregulation of miR-133a could regulate the proinﬂammatory
signaling in human colonic epithelial cells and in
experimental colitis (Ka et al. 2015). In our study, for
further mechanism research, with the help of bioinformatics predictions, miR-133a was found to contain
binding sequence to MALAT1. Through experiments,
we conﬁrmed that MALAT1 could negatively regulate

miR-133a level in B/TSMCs. Meanwhile, the introduction of miR-133a mimic could partially reverse
MALAT1-induced cell apoptosis and inﬂammatory
factor secretion (IL-6, TNF-a, IL-1b) of B/TSMCs,
also hinting the possible inhibitory role of miR-133a in
asthma. These results suggested that miR-133a is a
functional target of MALAT1 in B/TSMCs.
Ryanodine receptors (RyRs), intracellular calcium
release channels essential for skeletal and cardiac
muscle contraction, are also expressed in various types
of smooth muscle cells (Du et al. 2005). It is well
known that ryanodine receptor 2 (RyR2) functions as
the major component of a calcium channel, and regulates mitochondrial metabolism, gene expression, cell
survival, and so on (Bround et al. 2013). RyR2 has
been identiﬁed to be associated with allergic asthma
onset risk in an independent pediatric population (Giampaolo et al. 2011). Previously, it was conﬁrmed that
RyR2 can be a target gene of other miRNAs. For
instance, miR-106b-25 cluster inhibited RyR2 by
mediating post-transcriptional regulation of RyR2,
which was a potential molecular mechanism involving
in paroxysmal atrial ﬁbrillation pathogenesis (Chiang
et al. 2014). Besides, Belevych et al. found that miR133a could modulate the function of RyR2 via directly
target protein phosphatase 2A (PP2A) gene in heart
failure (Belevych et al. 2011). The discoveries that
inhibition of RyR2 by dantrolene (RyR antagonist)
could inhibit compound K-induced endoplasmic reticulum (ER) stress-related apoptosis in human lung
cancer cells (Shin et al. 2018) and alleviate skeletal
muscle ischemia reperfusion injury by inhibiting TNFa and inducing IL-10 (HP Lin et al. 2018), suggested a
promoter role of RyR2 in apoptosis and inﬂammatory
response. Consistent with the above ﬁndings, RyR2
was also identiﬁed to play a promoter in B/TSMCs at
the aspects of apoptosis and inﬂammatory response.
Furthermore, we found that MALAT1 induced
B/TSMCs apoptosis and inﬂammation increase could
be partially reversed when RyR2 was silenced or when
miR-133a was overexpressed. Meanwhile, RyR2 was
proved to be a direct target gene of miR-133a in
B/TSMCs through luciferase reporter assay. Hence, we
have basis to speculate that miR-133a/RyR2 axis could
mediate the apoptosis and inﬂammatory response of
B/TSMCs, thereby may take effects during the development of asthma.
Taken together, our study mainly identiﬁed the
adverse effects of MALAT1 on B/TSMCs, a common
cell line for asthma research. To be special, MALAT1
was found to facilitate B/TSMCs apoptosis and
inﬂammatory response, which was later proved to be

MALAT1 knockdown protects from B/TSMCs injury by miR 133a/RyR2 axis

fulﬁlled partially by MALAT1’s regulation on miR133a/RyR2 axis. Finally, we conclude that MALAT1
knockdown could protect from bronchial/tracheal
smooth muscle cell injury via regulating miR-133a/
RyR2 axis.
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