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Abstract: Pneumonia is a primary pulmonary infection disease with a high morbidity and mortality worldwide.
Identification of key long non-coding RNAs (IncRNAs) facilitates to the development of effective therapeutic targets
for pneumonia. LncRNA NEAT1 was vital and functional in inflammatory diseases but has not been studied in
pneumonia. The aim of this study was to investigate the role of NEAT1 in pneumonia and explore its potential
mechanism. Lipopolysaccharide (LPS) was applied into WI-38 cells to establish cell model of pneumonia. Cells were
transfected with shRNA-NEAT1, miR-193a-3p or negative control. Real time quantitative PCR and western blot were
performed to detect mRNA level and protein expression, respectively. Cell counting kit-8 (CCK-8) assay was per-
formed to detect cell viability. Flow cytometry analysis was performed to determine cell apoptosis. Cell viability was
significantly declined and cell apoptosis was increased in LPS-treated WI-38 cells. NEAT1 was upregulated under
LPS treatment and NEAT1 inhibition significantly improved cell viability, decreased cell apoptosis and the production
of inflammatory cytokines. The expression level of miR-193a-3p was regulated by NEAT1, and NEAT1 reversed miR-
193a-3p overexpression-alleviated inflammatory injury that include inflammation and apoptosis induced by LPS.
Further, NEAT1 and miR-193a-3p regulated the activity of Toll-like receptor 4 (TLR4)/nuclear factor kappa B (NF-«kB)
signaling. Therefore, NEAT1 may function as a ceRNA by sponging miR-193a-3p to regulate the activation of TLR4/
NF-kB signaling to alleviate inflammation and apoptosis of WI-38 cells induced by LPS, thus influencing the develop-
ment of pneumonia. Our findings implied that NEAT1 might serve as a neoteric therapy target for pneumonia.
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Introduction There are some important non-coding RNAs,
including long non-coding RNA (IncRNAs) and
short non-coding RNAs (microRNAs, miRNAs).

IncRNAs are transcriptional RNA molecules

Pneumonia is the acute inflammation of the
lower respiratory tract and lung parenchyma

due to infectious agent and clinically cha-
racteraized as chills, fever, pleuritic chest pain,
and cough productive of purulent sputum [1].
Currently, pneumonia is a major global reason
for mortality and morbidity all over the world, in
paticular in children and elderly people [2].
Lipopolysaccharide (LPS) is a key component of
the cell wall of gram-negative bacterial that is
critial for the inflammatory response and
induces pulmonary infection [3, 4]. Thus, LPS
has been widely used to establish pulmonary
inflammation related diseases. Therefore, it is
urgent to explore the underlying pathogenesis
and discover effective therapetic target for the
treatment of pneumonia.

with more than 200 nucleotides, and play an
important role in biological process such as
transcription, translation and cellular diffe-
rentiation [5]. Previous studies showed that
dysregulation of IncRNAs was closely connected
with inflammation-related diseases, such as
pneumonia [6]. Feng C et al analyzed the
expression profile of IncRNAs from samples of
pneumonia patients using mMRNA-sequence
and bioinformatics analysis, and identified
some potential key genes associated with
severe pneumonia, indicating that IncRNAs
were actually involved in the progress of
pneumonia and are expected to diagnosed
markers for pneumonia [7]. Nuclear enriched
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abundant transcript 1 (NEAT1), a nuclear-
restricted IncRNA, has been demonstrated to
be a key transcriptional regulator in cancer cell
growth [8]. Besides, NEAT1 was also reported
in many inflammatory diseases. NEAT1 could
promote inflammatory response with the
production of TNF-a& and IL-6 and induce
corneal neovascularization [9]. It was also
reported that NEAT1 was dysregulated in sepsis
patients. Inhibition of NEAT1 suppressed the
production of cytokines and oxidative stress in
LPS-induced kidney injury mice [10]. However,
it has been never reported in pneumonia
concerning on NEAT1.

miRNAs, about 22 nucleotides, act as an
important regulator in gene expression. miRNAs
are also involved in pathological process of
various diseases, including pneumonia [11,
12]. MiR-193a-3p, a member of miR-193 family,
has been widely reported in various cancers
such as lung cancer and renal cell cancer due
to its anti-tumor activity [13, 14]. Current study
indicated that IncRNAs could act as competing
endogenous RNA (ceRNA) and competitively
bind to miRNAs, thus regulating the transcrip-
tion level of mMRNA and modulating gene
expression [15]. Itis reported that NEAT1 act as
ceRNA and bind to miR-193a-3p to accelerate
deterioration of lung adenocarcinoma [16].
Howerver, whether NEAT1 worked with miR-
193a-3p in pneumonia is unclear.

In this study, WI-38 cell were dealt with LPS
to construct pulmonary injury model. We
investigated the role of NEAT1/miR-193a-3p
in this model and appraised the potential
molecular mechanism of them on affecting
inflammarory injury. This study might provide
a neoteric insight for pneumonia therapy
strategy.

Materials and methods
Cell culture and treatment

Normal human fibroblast cell line WI-38 cell
was obtained from American Type Culture
Collection (Manassas, VA, USA). Cells were cul-
tured in Dulbecco’s modified Eagle’s medium
(DMEM; Sigma-Aldrich, St Louis, USA) contain-
ing 10% fetal bovine serum (Gibco, Carlsbad,
CA, USA) and 1% penicillin (100 U/mL) and
streptomycin (100 mg/mL) (Thermo Scientific,
Waltham, MA, USA). Cells were stimulated with
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LPS of different concentrations (0, 2.5, 5 and
10 pg/mL) for 12, 24 and 48 h, respectively.

Cell transfection

For knockdown and overexpression of NEAT1,
pcDNA-NEAT1 and short hairpin RNA for tar-
geting NEAT1 (sh-NEAT1; GenePharma, Roche,
China) were transfected into WI-38 cells using
Lipofectamine 2000 (Invitrogen). Besides, miR-
193a-3p mimics and mimic control (Gene-
Pharma, Roche, China) were transfected into
WI-38 cells to regulate expression of miR-193a-
3p. After transfection for 48 h, the efficacy of
transfection was detected by RT-gPCR.

Cell counting kit-8 (CCK-8) assay

After transfection, cells were seeded in 96-well
plates. After 12 h, 24 h and 48 h of LPS treat-
ment, cells were incubated with CCK-8 reagent
(Beyotime, Shanghai, China), respectively. The
absorbance (OD) of 450 nm was detected with
a microplate reader.

Flow cytometry

After transfection, cells were treated with LPS
for 24 h. Subsequently, cells were harvested,
washed twice with PBS and then resuspended
in 100 pL binding buffer, followed by the addi-
tion of 5 yL Annexin V-FITC and PI. After incuba-
tion in the dark room for 15 min, an additional
binding buffer was added prior to analysis by
flow cytometry using FACScan flow cytometer
(BD Bioscience, Frankin Lakes, NJ, USA).

Western blot

Cells were lysed in lysis buffer, and the extract-
ed protein was quantified with the BCA protein
assay kit (Beyotime Nanjing, China). The same
amount of protein was separated by SDS-PAGE
and transferred to PVDF membranes. After
blocking with 5% non-fat milk, the membranes
were incubated with primary antibodies at 4°C
overnight. After incubation with horseradish
peroxidase (HRP)-conjugated secondary anti-
bodies, the protein bands were visualized by
ECL assay (Millipore, Billerica, MA, USA).

Real time quantitative PCR (RT-qPCR)

Total RNA was extracted from cells using Trizol
Reagent (Invitrogen, CA, USA). The first cDNA of
total RNA was synthesized according to the
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instructions of PrimeScript™ RT reagent Kit
(Takara, Dalian, China). Real time quantitative
PCR was performed according to the instruc-
tions of SYBR Green gPCR kit (Thermo Scien-
tific, Waltham, MA, USA). GAPDH and U6 was
used as the endogenous control. The relative
fold expression of the target was calculated by
the comparative Ct method and normalized to
the control.

Enzyme-linked immune sorbent assay (ELISA)

The levels of inflammatory cytokines: IL-6, IL-8,
IL-1B8 and TNF-ac and oxidative stress factor: NO
and iNOS were determined by mouse ELISA kit
(R&D Systems, Minneapolis, MN, USA) accord-
ing to the manufacturer’s instructions.

Statistical analysis

All data was expressed as mean + SD and ana-
lyzed using Graphpad Prism version 6.0 and
SPSS version 18.0. One-way analysis of vari-
ance (ANOVA) was used to determine the differ-
ence among groups. A p value <0.05 was con-
sidered as statistically significant.

Results

LPS decreased cell viability and increased
NEAT1 expression

First, LPS was applied for WI-38 cells to cause
pulmonary inflammation that has similarities
with pneumonia. O pug/ml, 2.5 yg/ml, 5 pg/mi
and 10 pg/ml of LPS was used to treat cells,
respectively. CCK-8 assay showed that cell via-
bility was dependent on the concentration and
treatment time of LPS (Figure 1A). 10 ug/ml
LPS decreased cell viability for nearly 50%. The
mMRNA level of NEAT1 exhibited a significant
increase following the increase of LPS concen-
tration (Figure 1B).

Downregulation of NEAT1 alleviated LPS-
induced cell viability and apoptosis

Then, sh-NEAT1 was transfected into WI-38
cells to knockdown the expression of NEAT1.
The transfection efficacy was detected by
RT-gPCR, and the results showed a significan-
tly decreased expression of NEAT1, especially
with sh1-NEAT1 (Figure 1C). Thus sh1-NEAT1
was applied for the next experiments. After
transfection, cell viability was improved signifi-
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cantly which was decreased under LPS treat-
ment (Figure 1D). Downregulation of NEAT1
also decreased cell apoptosis which was
induced by LPS (Figure 1E, 1F). Besides, apop-
tosis-related proteins that include Bax, Bcl-2,
cleaved caspase-3, caspase-3, cleaved cas-
pase-9, caspase-9, were detected by western
blot (Figure 1G-1), and the results showed that
LPS significantly decreased the expression of
Bcl-2, and increased the expression of Bax,
cleaved caspase-3 and cleaved caspase-9,
which were then reversed when NEAT1 was
downregulated. Taken together, these results
suggested that NEAT1 knockdown play a pro-
tective role on LPS-induced cell apoptosis.

Downregulation of NEAT1 alleviated LPS-
induced inflammatory injury

The effect of NEAT1 on LPS-induced inflamma-
tory injury was investigated. Results in Figure
2A-D showed that LPS increased the expres-
sion of IL-6, IL-8, TNF-a and IL-1B3, meaning a
severe inflammatory response induced by
LPS, while downregulation of NEAT1 effective-
ly decreased these inflammatory cytokines.
During inflammation, NO was generated mainly
due to inducible NO synthase (iNOS). Results in
Figure 2E, 2F showed that NO production and
iINOS expression was significantly increased in
LPS-induced WI-38 cells, and downregulation
of NEAT1 also effectively decreased the
increased NO and iNOS induced by LPS. Taken
together, these results suggested that NEAT1
knockdown play a protective role on LPS-
induced inflammatory injury.

NEAT1 regulated LPS-induced cell apoptosis
through miR-193a-3p

As mentioned above that NEAT1 acts as ce-
RNA and bind to miR-193a-3p to accelerate
deterioration of lung adenocarcinoma, whether
NEAT1 worked with miR-193a-3p in pneumonia
was explored. As shown in Figure 3A, miR-
193a-3p was upregulated when NEAT1 was
inhibited, and miR-193a-3p was downregulated
when NEAT1 was overexpressed, thus NEAT1
was likely to regulate the expression of miR-
193a-3p. LPS treatment significantly decreas-
ed the expression of miR-193a-3p (Figure 3B),
indicating an involvement of miR-193a-3p in
LPS-induced cell injury. Thus mimics targeting
miR-193a-3p was transfected into WI-38 cells
to make miR-193a-3p overexpressed (Figure
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Figure 1. Downregulated NEAT1 alleviated cell viability and apoptosis induced by LPS. WI-38 cells were treated with LPS (O ug/ml, 2.5 pg/ml, 5 yg/ml and 10 ug/
ml) for 12 h, 24 h and 48 h, respectively. Cell viability was determined by CCK-8 assay (A). mRNA level of NEAT1 was determined by RT-qPCR (B). After transfection,
the efficacy was detected by RT-gPCR (C), and cell viability was determined (D). Cell apoptosis was analyzed by flow cytometry and quantified (E, F). Besides, the
apoptosis-related protein expressions were determined by western blot, such as Bax, Bcl-2, Cleaved caspase-3, caspase-3, Cleaved caspase-9 and caspase-9 (G-).
Data were expressed as mean + SD. *, ***P<0.05, 0.001 compared with control. ##, ###P<0.01, 0.001 compared with LPS.
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Figure 2. Downregulated NEAT1 alleviated cell inflammatory injury induced by LPS. The expressions of pro-inflam-
matory cytokines (IL-6, IL-8, TNF-&, and IL-13) were measured by ELISA (A-D). The expressions of NO and inducible
NO synthase (iNOS) were measured by ELISA (E, F). Data were expressed as mean = SD. ***P<0.001 compared
with control. ##, ###P<0.01, 0.001 compared with LPS.

3C). Overexpressed miR-193a-3p improved cell
viability which was decreased by LPS, while
upregulated NEAT1 could reverse the effect
that miR-193a-3p made significantly (Figure
3D). Flow cytometry analysis showed that over-
expressed miR-193a-3p decreased cell apop-
tosis, which could be reversed by upregulated
NEAT1 (Figure 3E, 3F). Meanwhile, apoptosis-
related proteins were also detected. Over-
expressed miR-193a-3p increased the expres-
sion of Bcl-2, and decreased the expression of
Bax, cleaved caspase-3 and cleaved caspase-9
in LPS-induced WI-38 cells, while the changes
were also reversed by upregulated NEAT1
(Figure 3G-l). Taken together, these results
suggested that NEAT1 could regulate miR-
193a-3p, and NEAT1 regulated LPS-induced
cell viability and apoptosis partly through
miR-193a-3p.

NEAT1 regulated LPS-induced inflammatory
injury through miR-193a-3p

Next, we explored whether NEAT1 worked with
miR-193a-3p in LPS-induced inflammatory inju-
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ry. The detection of relative inflammatory
cytokines showed that overexpressed miR-
193a-3p decreased the elevated production of
IL-6, IL-8, TNF-a and IL-13 induced by LPS, and
upregulated NEAT1 reversed the effect that
miR-193a-3p caused (Figure 4A-D). Mean-
while, overexpressed miR-193a-3p decreased
the elevated expression of NO and iNOS that
induced by LPS, which was also reversed by
upregulated NEAT1 (Figure 4E, 4F). Taken
together, these results suggested that NEAT1
regulated LPS-induced inflammatory injury
partly through miR-193a-3p.

NEAT1/miR-193a-3p regulated TLR4/NF-xkB
signaling pathway

The activation of Toll-like receptor 4 (TLR4)/
nuclear factor kappa B (NF-kB) signaling path-
way has been widely studied on its involvement
in inflammatory response and cell apoptosis,
we then detected the effect of NEAT1 and miR-
193a-3p on TLR4/NF-kB signaling pathway pro-
teins in LPS-induced WI-38 cells. Both RT-qPCR
and western blot analysis showed that down-

Am J Transl Res 2019;11(9):5944-5955
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Figure 3. NEAT1 regulated cell viability and apoptosis through miR-193a-3p. The expression change of miR-193a-3p
under different NEAT1 expression (A) and different LPS treatment (O pg/ml, 2.5 yg/ml, 5 uyg/ml and 10 yg/ml) (B)
was detected by RT-gPCR, respectively. miR-193a-3p expression after mimic transfection was detected by RT-gPCR
(C). After transfection of miR-193a-3p and NEAT1 into WI-38 cells, cell viability was detected by CCK-8 assay (D),
and cell apoptosis was detected by flow cytometry (E, F). Besides, the apoptosis-related protein expressions were
determined by western blot, such as Bax, Bcl-2, Cleaved caspase-3, caspase-3, Cleaved caspase-9 and caspase-9
(G-I). Data were expressed as mean + SD. *, ***P<0.05, 0.001 compared with control. ###P<0.001 compared
with LPS. $, $$, $$$P<0.05, 0.01, 0.001 compared with LPS + miR-193a-3p.
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Figure 4. NEAT1 regulated LPS-induced inflammatory injury through miR-193a-3p. The expressions of pro-inflam-
matory cytokines (IL-6, IL-8, TNF-a, and IL-1) were measured by ELISA (A-D). The expressions of NO and inducible
NO synthase (iNOS) were measured by ELISA (E, F). Data were expressed as mean + SD. ***P<0.001 compared
with control. ###P<0.001 compared with LPS. $, $$, $$$P<0.05, 0.01, 0.001 compared with LPS + miR-193a-3p.

regulated NEAT1 and overexpressed miR-193a-
3p decreased the mRNA level and protein
expression of TLR4, myeloid differential pro-
tein-88 (MyD88) and p-p65. Besides, upregu-
lated NEAT1 could also reversed the genes
expression that caused by overexpressed miR-
193a-3p (Figure 5A-D). Taken together, these
results suggested that NEAT1 could regulate
TLR4/NF-kB signaling pathway partly through
miR-193a-3p.

Discussion

Pneumonia is a primary pulmonary infection
disease with a high morbidity and mortality
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worldwide, especially in children and elder.
Identification of key IncRNAs facilitates to the
development of effective therapeutic targets
for pneumonia. In the present study, LPS was
applied for establishment of cell model to
explore the underlying mechanism involved in
pneumonia. NEAT1 is usually induced in
inflammatory disorders, such as corneal ne-
ovascularization and sepsis [9, 10]. Thus, we
inferred that NEAT1 might be induced in LPS-
induced WI-38 cells. As expected, NEAT1 was
upregulated under LPS treatment. Further
investigation demonstrated that inhibition of
NEAT1 significantly improved cell viabilty and
suppressed cell apoptosis and inflammation

Am J Transl Res 2019;11(9):5944-5955
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Figure 5. NEAT1/miR-193a-3p regulated TLR4/NF-kB signaling pathway. The effect of NEAT1 and miR-193a-3p on TLR4/NF-kB signaling pathway proteins in LPS-
induced WI-38 cells was investigated. mRNA levels and protein expressions of TLR4, myeloid differential protein-88 (MyD88), p-p65 and p-65 were determined by
RT-gPCR (A-C) and western blot (D), respectively. Data were expressed as mean + SD. ***P<0.001 compared with control. ###P<0.001 compared with LPS. $,
$$$P<0.05, 0.001 compared with LPS + miR-193a-3p.
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that was affected by LPS, suggesting a poten-
tial therapetic target for LPS-induced pne-
umonia. Xiong DD et al pointed out that NEAT1
might exert its role in lung adenocarcinoma
by functioning as a ceRNA to regulate miR-
193a-3p [16]. Thus we inferred that NEAT1
might also regulate miR-193a-3p to affect LPS-
induced inflammatory injury in WI-38 cells. The
experimental results verified this inference.
Therefore, NEAT1 may exert its role by
functioning as a ceRNA to regulate miR-193a-
3p in LPS-induced WI-38 cells.

TLR4/NF-kB signaling is implicated in the regu-
lation of inflammatory response in cell prolifer-
ation and apoptosis [17]. Generally, TLR4 could
specially recognize Gram-negative bacteria,
such as LPS. LPS enters the lung and activates
TLR4, then activated TLR4 recruits MyD88,
leading autophosphorylation of Interleukin-1
receptor-associated kinase (IRAK-1), followed
by the activation of NF-kB [18]. NF-kB signaling
is a vital cellular signaling involved in immune
and inflammatory response [19]. Activated
NF-kB results in large production and secretion
of pro-inflammatory cytokines through inhibit-
ing apoptosis of macrophages, lymphocytes,
neutrophils and other inflammatory cells, dete-
riorating the inflammatory injury of lung [20].
Consistently, in our study, we found that LPS
treatment resulted in an elevated expression of
TLR4, MyD88 and p-p65, suggesting an acti-
vated NF-kB and inflammatory injury. In-
activating TLR4/NF-kB signaling pathway has
been an effective approach and therapeutic
target to suppress inflammation. Zhang FX et al
disclosed that juglanin could ameliorate LPS-
induced neuroinflammation through impeding
TLR4/NF-kB [21]. LncRNA MALAT1 inhibition
alleviated saturated fatty acid-induced myocar-
dial inflammatory injury through inhibiting the
activation of TLR4/NF-kB-mediated inflamma-
tory response [22]. Zhang F et al identified that
NEAT1 was involved in TLR4-mediated inflam-
matory process [23]. Consistently, our study
identified that NEAT1 affected the expression
of TLR4, MyD88 and p-p65 by regulating miR-
193a-3p, indicating that inactivation of the
TLR4/NF-kB signaling might be the mechanism
for downregulated NEAT1 and overexpressed
miR-193a-3p to alleviate LPS-induced inflam-
matory injury in WI-38 cells.

LPS-induced inflammatory injury in lung is also
characterized by epithelial cell apoptosis [24].
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Tateda K et al observed acceleration of apopto-
sis in the infected lungs of mice exposed to
hyperoxia [25]. Consistently, our study verified
a promoted cell apoptosis in LPS-induced
WI-38 cells, as LPS significantly increased cell
apoptosis rate, increased the expression of
Bax, Cleaved caspase 3/9, and decreased Bcl-
2. Bax and Bcl-2 are members of Bcl-2 family
that is involved in cell apoptosis. The Bax is
regarded as the pre-apoptosis protein and
Bcl-2 is the anti-apoptosis protein [26].
Caspase-9, an initiator, is recruited and acti-
vated by apoptosome, followed by cleaving pro-
caspase-3 to activate caspase-3. Active cas-
pase-3 degrades multiple cellular proteins and
is responsible for morphological changes and
DNA fragmentation in cells during apoptosis
[27, 28]. Further experiments supported that
downregulated NEAT1 decreased cell apopto-
sis rate and pro-apoptosis-related factors such
as Bax, Cleaved caspase-3, and Cleaved cas-
pase-9, and increased anti-apoptosis-related
factor such as Bcl-2, thus restoring cell apopto-
sis induced by LPS. More and more literature
illustrated that apoptosis was also attributed
to the regulation of TLR4/NF-kB signaling path-
way, and TLR4/NF-kB signaling pathway is
responsible for inflammatory injury caused by
cell apoptosis. Pan YQ et al reported that miR-
21 could inhibit the TLR4/NF-kB pathway to
reduce myocardial apoptosis and inflammatory
factors production [29]. Inhibition of TLR4
effectively alleviated inflammation and apopto-
sis of high glucose-treated retinal ganglion cells
[30]. Besides, NEAT1 was also reported to
affect apoptosis and inflammation in sepsis-
induced acute kidney by modulating the NF-kB
pathway [31]. In our study, both of NEAT1 and
miR-193a-3p affected cell apoptosis and in-
flammatory response induced by LPS by modu-
lating TLR4/NF-kB signaling, and NEAT1 also
exert its function by regulating miR-193a-3p.
Therefore, we considered that NEAT1 may func-
tion as a ceRNA by sponging miR-193a-3p to
regulate the activation of TLR4/NF-kB signa-
ling to alleviate inflammation and apoptosis
induced by LPS, thus influencing the develop-
ment of pneumonia.

Conclusion

In conclusion, our study demonstrated NEAT1
was significantly upregulated in LPS-induced
WI-38 cells. Knockdown of NEAT1 improved cell
viability, suppressed cell apoptosis and inflam-
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matory response. Moreover, NEAT1 might exert
its role through regulating TLR4/NF-kB signal-
ing pathway by functioning as a ceRNA to
regulate miR-193a-3p. Our findings implied that
NEAT1 might serve as a neoteric therapy target
for pneumonia.
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