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Silencing of long non‑coding RNA 
KCNQ1OT1 alleviates LPS‑induced lung injury 
by regulating the miR‑370‑3p/FOXM1 axis 
in childhood pneumonia
Ping Wang1, Haitao Zhang1, Weiqing Zhao2 and Nini Dai3* 

Abstract 

Purpose:  Long non-coding RNAs (lncRNAs) play important roles in the development of pneumonia. We aimed to 
explore the role of the lncRNA KCNQ1OT1 in pneumonia and its underlying mechanisms.

Methods:  The expression of KCNQ1OT1, FOXM1, and miR-370-3p was detected in the serum of 24 children with 
pneumonia and in 24 healthy controls. Normal human embryonic lung-derived diploid fibroblasts (WI-38 cells) were 
stimulated with LPS (10 μg/mL) to simulate the cellular model of pneumonia, and cell viability, apoptosis, and inflam-
mation were analysed. Dual luciferase reporter and/or RNA binding protein immunoprecipitation assays were per-
formed to test the relationship between miR-370-3p and KCNQ1OT1/FOXM1. Mice were intratracheally administered 
LPS (5 mg/kg) to induce an in vivo model of pneumonia, and pathological injury and inflammation were analysed.

Results:  The expression of KCNQ1OT1 and FOXM1 was up-regulated, and miR-370-3p was down-regulated in the 
serum of children with pneumonia, LPS-treated WI-38 cells, and in lung tissues of LPS-treated mice. Silencing of 
KCNQ1OT1 or overexpression of miR-370-3p suppressed cell apoptosis and inflammation and facilitated cell viability 
in LPS-treated WI-38 cells. KCNQ1OT1 directly targets miR-370-3p and negatively regulates its expression. FOXM1 was 
targeted by miR-370-3p and negatively modulated by miR-370-3p. In addition, silencing of KCNQ1OT1 mitigated LPS-
induced lung injury and inflammation in mice. The protective effects of KCNQ1OT1 silencing in LPS-treated WI-38 cells 
and mice were reversed by silencing of miR-370-3p or overexpression of FOXM1.

Conclusion:  Silencing of KCNQ1OT1 alleviates LPS-induced lung injury by regulating the miR-370-3p/FOXM1 axis in 
pneumonia.
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Introduction
Pneumonia is a class of inflammatory diseases of the lung 
that mainly manifests as fever, dyspnoea, chills, chest 
pain, and cough [1, 2]. The most frequent complication of 
pneumonia is pleural effusion, which may lead to infec-
tious pleurisy [3]. Currently, the management of pneu-
monia mainly includes oxygen, antibiotics, supportive 
therapy, and assisted ventilation [4, 5]. Despite the fact 
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that great progress has been achieved in the treatment of 
pneumonia, its therapeutic effect is still far from satisfac-
tory [6, 7]. In addition, pneumonia can be triggered by 
infection with diverse pathogens, such as bacteria, fungi, 
and viruses [8, 9]. Pneumonia caused by some pathogens, 
such as Staphylococcus aureus (bacteria) [10, 11], Fusar-
ium (fungi) [12], and novel coronaviruses (viruses) [13], 
are difficult to treat. Therefore, it is important to identify 
effective therapeutic targets to improve pneumonia.

Long non-coding RNAs (lncRNAs), a set of non-cod-
ing RNAs, possess a molecular length of longer than 200 
nucleotides and cannot encode proteins [14, 15]. With 
increasing knowledge of lncRNAs, there is growing inter-
est in the role of lncRNAs in pneumonia [16–18]. Zhou 
et al. reported that down-regulation of lncRNA SNHG16 
enhances cell viability and reduces the levels of inflam-
matory factors as well as cell apoptosis in a cell model of 
pneumonia [16]. Zhang et  al. showed that the silencing 
of the lncRNA XIST dramatically mitigates cell injury 
by facilitating cell viability and restraining inflammation 
as well as apoptosis in a cell model of pneumonia [17]. 
Nong et al. showed that knockdown of lncRNA NEAT1 
represses cell apoptosis, decreases inflammatory cytokine 
levels, and promotes cell viability in a cell model of pneu-
monia [18].

The lncRNA KCNQ1 overlapping transcript 1 (KCN-
Q1OT1), a chromatin regulatory RNA, is located on 
the human KCNQ1 locus with a length of 91  kb [19, 
20]. KCNQ1OT1 is a crucial modulator involved in the 
pathological processes of several pulmonary diseases 
[20, 21]. A study by Jiang et  al. reported that silencing 
of KCNQ1OT1 restrains the inflammatory response in 
LPS-induced mouse models of acute respiratory distress 
syndrome (ARDS) [21]. Another study by Kang et  al. 
revealed that down-regulation of KCNQ1OT1 promotes 
cell apoptosis and suppresses cell viability in non-small 
cell lung cancer (NSCLC) in vitro [20]. However, little is 
currently known regarding the specific role and underly-
ing mechanism of KCNQ1OT1 in pneumonia.

LncRNAs exert roles by competitively bind to microR-
NAs (miRNAs) [22]. miRNAs are a class of short ncRNAs 
with approximately 19 to 24 nucleotides, which con-
tribute to inhibiting translation or degrading mRNA by 
binding to the 3-UTR of mRNAs [23, 24]. Many studies 
have demonstrated the potential functions of miRNAs in 
regulating the progression of pneumonia [25, 26]. Zhang 
et al. reported that overexpression of miR-146b reduces 
the inflammatory response as well as cell apoptosis and 
enhances cell viability in an LPS-induced cell model 
of pneumonia [25]. Quan et  al. indicated that increas-
ing miR-141 reduces cell apoptosis and the production 
of pro-inflammatory factors and facilitates cell viabil-
ity in an LPS-induced cell model of pneumonia [26]. In 

particular, miR-370-3p has attracted considerable atten-
tion because of its pivotal role in pneumonia [17, 27]. 
MiR-370-3p promotes cell viability and represses apop-
tosis and inflammation in an LPS-induced cell model of 
pneumonia [27]. Suppression of miR-370-3p eliminates 
the promoting impact of lncRNA XIST knockdown 
on cell viability as well as the inhibitory effects of XIST 
knockdown on the inflammation response and apoptosis 
in an LPS-induced cell model of pneumonia [17]. Never-
theless, the relationship between lncRNA KCNQ1OT1 
and miR-370-3p has not yet been completely expounded 
in pneumonia.

In the current study, the role of lncRNA KCNQ1OT1 
was explored in LPS-induced cellular and mouse models 
of pneumonia. The downstream mechanisms of KCN-
Q1OT1 were further verified. We offer the first evidence 
for the regulatory role of KCNQ1OT1 via regulation of 
the miR-370-3p/forkhead box protein M1 (FOXM1) axis 
in pneumonia.

Methods
Patients and blood collection
A total of 24 children (12 male and 12 female; mean 
age ± standard deviation, 12.4 ± 1.18  years; age range, 
8–14) with pneumonia were enrolled in the cur-
rent study. Simultaneously, 24 healthy children with 
matched gender and age (mean age ± standard deviation, 
10.3 ± 2.24  years; age range, 7–14) were selected as the 
control. The diagnosis of pneumonia was implemented 
in the light of the World Health Organization acute res-
piratory infection guidelines [28]. None of the patients 
received any treatment prior to blood collection, and 
patients with other complications were excluded. Periph-
eral venous blood (5 mL) was obtained from all partici-
pants. This study was approved by the ethics committee 
of the People’s Hospital of Shouguang (No. 20200905), 
and the legal guardians of all participants provided writ-
ten informed consent.

Cell culture and treatment
Normal human embryonic lung-derived diploid fibro-
blasts (WI-38 cells) were purchased from the American 
Type Culture Collection (ATCC; Manassas, VA, USA). 
WI-38 cells were cultured in Dulbecco’s modified Eagle’s 
medium containing 10% foetal bovine serum, 100  µg/
mL streptomycin, and 100 U/mL penicillin. All cells were 
maintained at 37 °C in a humidified atmosphere contain-
ing 5% CO2. To simulate pneumonia-related cell injury 
in  vitro, WI-38 cells were stimulated with LPS (10  μg/
mL) for 12 h [29], and cells without LPS treatment served 
as the control.
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Cell transfection
Small interfering (si)-KCNQ1OT1, si-negative control 
(NC), miR-370-3p mimics, mimics-NC, miR-370-3p 
inhibitor, inhibitor-NC, pcDNA-FOXM1, and pcDNA-
NC were purchased from RiboBio (Guangzhou, China). 
The above factors were transfected into WI-38 cells using 
Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA) for 
48 h in accordance with the user guide.

Quantitative real‑time polymerase chain reaction 
(qRT‑PCR)
TRIzol reagent (Invitrogen) was used to isolate total RNA 
from WI-38 cells and serum samples. A PrimeScript RT 
reagent Kit (TaKaRa, Dalian, China) was used to gener-
ate complementary DNA (cDNA). qRT-PCR was per-
formed using SYBR Green qPCR SuperMix (Invitrogen). 
Primers purchased from TaKaRa are listed in Table  1. 
The PCR amplification programme was as follows: 94 °C 
for 10 min, followed by 40 cycles at 94 °C for 15 s, 56 °C 
for 30 s, 72 °C for 1 min, and 72 °C for 10 min. Relative 
expression levels of KCNQ1OT1, FOXM1, and miR-
370-3p were calculated using the 2−ΔΔCt method. KCN-
Q1OT1 and FOXM1 were normalised to β-actin, and 
miR-370-3p was normalised to U6.

Dual luciferase reporter (DLR) assay
The 3’-UTR portion of KCNQ1OT1 or FOXM1 carry-
ing potential binding sites for miR-370-3p was intro-
duced into a psiCHECK-2 vector (Promega, Madison, 
WI, USA) to construct the KCNQ1OT1 wt vector or 
FOXM1 wt vector. Analogously, the 3’-UTR fragment of 
KCNQ1OT1 or FOXM1, including mutated binding sites 
within the complementary sequences for miR-370-3p, 
was cloned into a psiCHECK-2 vector (Promega) to gen-
erate the KCNQ1OT1 mut vector or FOXM1 mut vec-
tor. Subsequently, WI-38 cells were co-transfected with 
one of the above vectors along with miR-370-3p mim-
ics or mimics-NC using Lipofectamine 3000 (Invitro-
gen). Relative luciferase activity at 24 h post-transfection 
was detected using a luciferase reporter assay system 
(Promega).

RNA binding protein immunoprecipitation (RIP) assay
The RIP assay was performed using an EZ-Magna RIP kit 
(Millipore, Billerica, MA, USA). Briefly, WI-38 cells were 
transfected with mimics-NC or miR-370-3p mimics for 
48 h and then lysed in complete RIP lysis buffer. The cell 
extracts (100 μL) were incubated with RIP buffer contain-
ing magnetic beads conjugated with human anti-Ago2 
antibody (a core protein of RNA-induced silencing com-
plex that binds to miRNAs and target mRNAs) (Abcam, 
Cambridge, MA, USA) or mouse IgG (Abcam) (control). 
The immunoprecipitated RNAs were purified and used 
for qRT-PCR to detect the expression of FOXM1.

3‑(4, 5‑Dimethyl‑2‑Thiazolyl)‑2, 5‑Diphenyl‑2‑H‑Tetrazolium 
Bromide (MTT) assay
WI-38 cells were plated in 96-well plates (5 × 103 cells/
well). After incubation for 48  h, each well was supple-
mented with 20 μL MTT (Sigma-Aldrich, St. Louis, MO, 
USA) and incubated at 37 °C for 4 h. Subsequently, dime-
thyl sulfoxide (150 μL) was added and mixed for 10 min. 
The optical density of each well at 490 nm was measured 
using a microplate reader (Bio-Rad, Hercules, CA, USA).

Evaluation of cell apoptosis
Cell apoptosis was assessed using a fluorescein isothio-
cyanate (FITC)-conjugated Annexin V and propidium 
iodide (PI) kit (BD Biosciences, San Diego, CA, USA). 
Briefly, WI-38 cells were washed with phosphate-buff-
ered saline and stained with Annexin V-FITC (5 μL) and 
PI (5 μL) for 30  min at 25  °C in the dark. Flow cytom-
etry was used to test apoptotic cells, and data were ana-
lysed using FlowJo software (Tree Star Inc., Ashland, OR, 
USA).

Western blot
Proteins from WI-38 cells were extracted using RIPA 
lysis buffer (Beyotime, Shanghai, China). Proteins were 
separated by sodium dodecyl sulphate–polyacryla-
mide gel electrophoresis gels and transferred to polyvi-
nylidene fluoride membranes. After blocking with 5% 
bovine serum albumin for 2 h, the membranes were incu-
bated with primary antibodies against FOXM1 (1:1000, 
ab207298, Abcam, Cambridge, MA, USA) and α-tubulin 

Table 1  Primers for real-time polymerase chain reaction (qRT-PCR) in present study

Gene Forward Reverse

KCNQ1OT1 5′-GCA​CTC​TGG​GTC​CTG​TTC​TC-3′ 5′-CAC​TTC​CCT​GCC​TCC​TAC​AC-3′

MiR-370-3p 5′-TGT​AAC​CAG​AGA​GCG​GGA​TGT-3′ 5′-TTT​TGG​CAT​AAC​TAA​GGC​CGAA-3′

FOXM1 5′-ATA​CGT​GGA​TTG​AGG​ACC​ACT-3′ 5′-TCC​AAT​GTC​AAG​TAG​CGG​TTG-3′

U6 5′-CTC​GCT​TCG​GCA​GCA​CAT​ATACT-3′ 5′-ACG​CTT​CAC​GAA​TTT​GCG​TGTC-3′

β-actin 5′-GCC​TTC​CTT​CTT​GGG​TAT​-3′ 5′-GGC​ATA​GAG​GTC​TTT​ACG​G-3′



Page 4 of 13Wang et al. BMC Pulm Med          (2021) 21:247 

(1:2000, ab52866, Abcam) at 4 °C overnight. Next, mem-
branes were washed with Tris-buffered saline with 
Tween 20 and the secondary antibody (1:2000; ab205718, 
Abcam) was added to cultivate for 1 h. Finally, proteins 
bands were visualised via a Bio-Rad Gel Doc EZ Imager 
(Bio-Rad). Relative protein expression of FOXM1 nor-
malised to α-tubulin was quantified using a ChemiDoc 
XRS System (Bio-Rad).

Establishment of a mouse model of LPS‑induced lung 
injury
Male BALB/c mice (specific pathogen-free, six-week-old, 
weighing 17–19 g) were purchased from Esebio (Shang-
hai, China). All mice were housed under conditions of 
constant temperature and humidity and had free access 
to food and water. To induce pneumonia-related lung 
injury in  vivo, mice were anaesthetised by intraperito-
neal injection of 50  mg/kg pentobarbital sodium then 
intratracheally administered 5 mg/kg LPS (St. Louis, MO, 
USA) (dissolved in 50 μL normal saline) [30]. Mice in the 
control group were administered 50 μL of normal saline. 
Animal experiments were performed after obtaining 
approval from the Ethical Committee of the People’s Hos-
pital of Shouguang (No. 20200905) in accordance with 
the Guide for the Care and Use of Laboratory Animals.

Treatments and sample collection
Recombinant adenoviruses containing short-hairpin 
RNA KCNQ1OT1 (Ad-sh-KCNQ1OT1), FOXM1 (Ad-
FOXM1), empty adenovirus NC (Ad-NC), antago-
miR-370-3p, and antagomiR-NC were purchased from 
Ribobio (Guangzhou, China). The above adenoviruses 
(100 µL, 1 × 108 pfu/mL) and antagomirs (50 mg/kg body 
weight) were intravenously injected into the mice two 
days before model induction. After LPS treatment for 
three days, all mice were anaesthetised by intraperitoneal 
injection of 50 mg/kg pentobarbital sodium. Bronchoal-
veolar lavage fluid (BALF) (1.4  mL) was harvested for 
enzyme-linked immunosorbent assay (ELISA). Mice were 
then euthanised by cervical dislocation, and the right 
lung was excised to measure the lung wet/dry ratio. The 
left lung was used for haematoxylin–eosin (HE) staining.

ELISA
The levels of tumour necrosis factor-α (TNF-α), inter-
leukin-6 (IL-6), and IL-1β in the culture supernatants of 
WI-38 cells and BALB/c mice were measured using spe-
cific ELISA kits (R&D Systems China, Shanghai, China). 
A microplate reader (Molecular Devices, Sunnyvale, CA, 
USA) was used to examine the optical density at 450 nm.

HE staining
The right lung tissues were fixed in 4% paraformaldehyde 
for 24 h, dehydrated in a graded ethanol series, embed-
ded in paraffin, and sliced into five slices. After stain-
ing with HE, pathological changes in lung tissues were 
observed under a light microscope (Olympus, Tokyo, 
Japan). The injury score was calculated as follows: 0, no 
damage; l, mild damage; 2, moderate damage; 3, severe 
damage; and 4, severe damage [31].

Statistical analysis
All experiments were undertaken independently three 
times. SPSS version 21.0 (IBM Software, New York, NY, 
USA) was used for statistical analysis. Data in this study 
are displayed as the mean ± standard deviation. Differ-
ences between two groups were analysed using Student’s 
t-test. For comparisons among multiple groups, one-way 
ANOVA with Tukey’s post-hoc test was implemented. 
P < 0.05 indicated statistical significance.

Results
Silencing of KCNQ1OT1 facilitated cell viability 
and suppressed apoptosis and inflammation 
in LPS‑induced WI‑38 cells
To investigate the role of KCNQ1OT1 in LPS-stimulated 
WI-38 cells, we initially determined the expression of 
KCNQ1OT1 by qRT-PCR. The results indicated that the 
relative expression of KCNQ1OT1 was notably elevated 
in the serum of patients with pneumonia compared to 
the serum of healthy individuals (P < 0.01, Fig. 1A). Con-
gruously, KCNQ1OT1 in LPS-stimulated WI-38 cells 
was also observed as opposed to the control (P < 0.01, 
Fig.  1B). Next, we silenced KCNQ1OT1 by transfection 
with si-KCNQ1OT1. As expected, there was a distinct 
decrease in the expression of KCNQ1OT1 after trans-
fection of si-KCNQ1OT1 in LPS-induced WI-38 cells 
(P < 0.01, Fig. 1C). Subsequently, we conducted functional 
experiments to explore the specific function of KCN-
Q1OT1 in WI-38 cells. The MTT assay demonstrated 
that LPS treatment triggered a notable decrease in cell 
viability in WI-38 cells, while down-regulation of KCN-
Q1OT1 enhanced cell viability in LPS-induced WI-38 
cells (all P < 0.01, Fig. 1D). The results of flow cytometry 
showed that treatment with LPS increased the apopto-
sis rate of WI-38 cells, whereas silencing of KCNQ1OT1 
reduced the apoptosis rate in LPS-treated WI-38 cells (all 
P < 0.01, Fig.  1E). In addition, the levels of TNF-α, IL-6, 
and IL-1β were elevated after treatment with LPS in 
WI-38 cells, while silencing of KCNQ1OT1 reduced the 
levels of TNF-α, IL-6, and IL-1β in LPS-induced WI-38 
cells (all P < 0.01, Fig. 1F–H).
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LncRNA KCNQ1OT1 acted as a sponge for miR‑370‑3p
To clarify the downstream mechanism of KCNQ1OT1, 
its potential targets were identified using starBase2.0. 
As shown in Fig.  2A, there was a putative association 
between KCNQ1OT1 and miR-370-3p. Additionally, 
the relative expression of miR-370-3p significantly 

increased with the introduction of si-KCNQ1OT1 in 
LPS-treated WI-38 cells (P < 0.01, Fig.  2B). To verify 
the interaction between miR-370-3p and KCNQ1OT1, 
a DLR assay was performed and co-transfected with 
miR-370-3p mimics and KCNQ1OT1 wt remarkably 
reduced the relative luciferase activity of WI-38 cells 
(P < 0.01, Fig.  2C), but co-transfection of mimics-NC 

Fig. 1  Silencing of KCNQ1OT1 facilitated cell viability and suppressed cell apoptosis and inflammation in LPS-induced WI-38 cells. A Relative 
expression of KCNQ1OT1 was determined by quantitative real-time polymerase chain reaction (qRT-PCR) in the serum of pneumonia patients 
and healthy controls. **P < 0.01, vs. Healthy control. B Relative expression of KCNQ1OT1 was detected by qRT-PCR in WI-38 cells. **P < 0.01, vs. 
control. C Relative expression of KCNQ1OT1 was detected by qRT-PCR in WI-38 cells transfected with small interfering (si)-negative control (NC) or 
si-KCNQ1OT1. **P < 0.01, vs. si-NC. D Cell viability was detected by 3-(4, 5-Dimethyl-2-Thiazolyl)-2, 5-Diphenyl-2-H-Tetrazolium Bromide (MTT) assay 
in WI-38 cells. E The apoptosis rate was detected by flow cytometry in WI-38 cells. Lower left quadrant (LL): viable cells (AnnexinV −/PI −); Upper left 
quadrant (UL): necrotic cells (AnnexinV −/PI +); Lower right quadrant (LR): early apoptotic cells (AnnexinV +/PI −); Upper right quadrant (UR): late 
apoptotic cells (AnnexinV +/PI +); The apoptotic cells (%) were calculated as cells in LR + UR. F The level of TNF-α was measured by enzyme-linked 
immunosorbent assay (ELISA) in WI-38 cells. G The level of IL-6 was measured by ELISA in WI-38 cells. H The level of IL-1β was measured by ELISA in 
WI-38 cells. (D-H) **P < 0.01, vs. control. ##P < 0.01, vs. LPS + si-NC
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and KCNQ1OT1 wt failed to change the relative lucif-
erase activity of WI-38 cells (Fig. 2C).

Overexpression of miR‑370‑3p enhanced cell viability 
and repressed apoptosis and inflammation in LPS‑induced 
WI‑38 cells
Next, we examined the expression and function of miR-
370-3p in WI-38 cells. As shown in Fig. 3A, the relative 
expression of miR-370-3p in the pneumonia group was 
lower than that in the healthy control group (P < 0.01, 
Fig.  3A). Consistently, the relative expression of miR-
370-3p in the LPS group was lower than that in the con-
trol group (P < 0.01, Fig.  3B). The following gain- and 
loss-of-function assays revealed that miR-370-3p expres-
sion was induced by the addition of miR-370-3p mimics 
and reduced by the addition of miR-370-3p inhibitor in 
WI-38 cells (all P < 0.01, Fig.  3C). Moreover, up-regula-
tion of miR-370-3p facilitated cell viability and inhibited 
cell apoptosis in LPS-induced WI-38 cells (all P < 0.01, 
Fig. 3D,E). Levels of IL-6, IL-1β, and TNF-α were reduced 
by miR-370-3p mimics in LPS-induced WI-38 cells (all 
P < 0.01, Fig. 3F–H).

miR‑370‑3p directly targeted FOXM1
We then examined the mechanism by which miR-
370-3p affects WI-38 cells treated with LPS. We 
observed that the 3’-UTR of FOXM1 was comple-
mentary to the seed sequence of miR-370-3p (P < 0.01, 
Fig.  4A). Overexpression of miR-370-3p dramatically 
reduced the relative protein expression of FOXM1 in 
LPS-treated WI-38 cells (P < 0.01, Fig. 4B). In addition, 
DLR and RIP assays were employed to further confirm 
whether FOXM1 was the target of miR-370-3p. The 
DLR assay showed that up-regulation of miR-370-3p 
led to a distinct reduction in relative luciferase activity 

of FOXM1 wt compared with the mimics-NC group 
(P < 0.01, Fig. 4C), but it had no evident impact on the 
relative luciferase activity of FOXM1 mut (Fig. 4C). The 
RIP assay showed that the enrichment of FOXM1 was 
significantly increased in the miR-370-3p group com-
pared to in the mimics-NC group (P < 0.01, Fig. 4D).

Knockdown of KCNQ1OT1 alleviated LPS‑induced damage 
in WI‑38 cells by regulating the miR‑370‑3p/FOXM1 axis
Next, we investigated the relationships between KCN-
Q1OT1, miR-370-3p, and FOXM1. We first deter-
mined that the relative mRNA expression of FOXM1 in 
the pneumonia group was up-regulated relative to the 
healthy control group, and the relative protein expres-
sion of FOXM1 in the LPS group was also up-regu-
lated relative to that in the control group (all P < 0.01, 
Fig.  5A-5B). The transfection of pcDNA-FOXM1 sig-
nificantly increased the expression of FOXM1 in WI-38 
cells (P < 0.01, Fig.  5C). Down-regulation of KCN-
Q1OT1 decreased the relative protein level of FOXM1, 
while suppression of miR-370-3p largely eliminated the 
si-KCNQ1OT1-induced reduction of FOXM1 in LPS-
treated WI-38 cells (all P < 0.01, Fig.  5D). In addition, 
we found that the addition of si-KCNQ1OT1 enhanced 
cell viability and repressed cell apoptosis, while the 
enhancement impact of si-KCNQ1OT1 on cell viabil-
ity and the suppressive effect of si-KCNQ1OT1 on 
cell apoptosis were vastly reversed by the introduction 
of miR-370-3p inhibitor or pcDNA-FOXM1 in LPS-
treated WI-38 cells (all P < 0.01, Fig.  5E, F). The levels 
of IL-1β, TNF-α, and IL-6 were reduced by transfection 
with si-KCNQ1OT1, whereas these reductions were 
partly abolished by the introduction of the miR-370-3p 
inhibitor or pcDNA-FOXM1 in LPS-treated WI-38 
cells (all P < 0.01, Fig. 5G–I).

Fig. 2  KCNQ1OT1 acted as a sponge for miR-370-3p. A A binding site between KCNQ1OT1 and miR-370-3p was predicted by starbase2.0. B Relative 
expression of miR-370-3p in LPS-induced WI-38 cells was detected by quantitative real-time polymerase chain reaction (qRT-PCR). **P < 0.01, vs. small 
interfering (si)-negative control (NC). C The targeting relationship between KCNQ1OT1 and miR-370-3p was validated by dual-luciferase reporter 
(DLR) assay in LPS-induced WI-38 cells. **P < 0.01. vs. mimics-NC
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Knockdown of KCNQ1OT1 mitigated LPS‑induced 
lung injury and inflammation in mice by regulating 
the miR‑370‑3p/FOXM1 axis
The regulatory role of the KCNQ1OT1/miR-370-3p/
FOXM1 axis in pneumonia was further analysed in a 
mouse model of LPS-induced lung injury. The injec-
tion of Ad-sh-KCNQ1OT1 and antagomiR-370-3p 

significantly decreased the expression of KCNQ1OT1 
and miR-370-3p in lung tissues of mice, respectively (all 
P < 0.01, Fig. 6A, B). The injection of Ad-FOXM1 signifi-
cantly increased the expression of FOXM1 in lung tis-
sues of mice (P < 0.01, Fig. 6C). Silencing of KCNQ1OT1 
reversed LPS-induced up-regulation of KCNQ1OT1 and 
FOXM1 and down-regulation of miR-370-3p in lung 

Fig. 3  Overexpression of miR-370-3p enhanced cell viability and repressed apoptosis and inflammation in LPS-induced WI-38 cells. A Relative 
expression of miR-370-3p was determined by quantitative real-time polymerase chain reaction (qRT-PCR) in the serum of pneumonia patients and 
healthy controls. **P < 0.01, vs. healthy control. B Relative expression of miR-370-3p was detected by qRT-PCR in WI-38 cells. **P < 0.01, vs. control. C 
The efficiency of miR-370-3p mimics and inhibitor on the expression of miR-370-3p was detected by qRT-PCR in WI-38 cells. **P < 0.01, vs. mimics 
negative control (mimics-NC). ##P < 0.01, vs. inhibitor NC. D Cell viability was detected by 3-(4, 5-Dimethyl-2-Thiazolyl)-2, 5-Diphenyl-2-H-Tetrazolium 
Bromide (MTT) assay in LPS-induced WI-38 cells. E The apoptosis rate was detected by flow cytometry in LPS-induced WI-38 cells. Lower left 
quadrant (LL): viable cells (AnnexinV −/PI −); Upper left quadrant (UL): necrotic cells (AnnexinV −/PI +); Lower right quadrant (LR): early apoptotic 
cells (AnnexinV +/PI−); Upper right quadrant (UR): late apoptotic cells (AnnexinV +/PI +); The apoptotic cells (%) were calculated as cells in LR + UR. 
F The level of TNF-α in LPS-induced WI-38 cells was measured by enzyme-linked immunosorbent assay (ELISA). G The level of IL-6 in LPS-induced 
WI-38 cells was measured by ELISA. H The level of IL-1β in LPS-induced WI-38 cells was measured by ELISA. D–H **P < 0.01, vs. control; ##P < 0.01, vs. 
LPS + mimics-NC



Page 8 of 13Wang et al. BMC Pulm Med          (2021) 21:247 

tissues of mice (all P < 0.01, Fig. 6D–F). Silencing of KCN-
Q1OT1 also eliminated the LPS-induced increase in lung 
injury score and lung wet/dry ratio in mice (P < 0.01). 
The mitigation effects of sh-KCNQ1OT1 on lung injury 
score and lung wet/dry ratio were reversed by silencing 
of miR-370-3p or overexpression of FOXM1 (all P < 0.05, 
Fig. 6G, H). In addition, silencing of KCNQ1OT1 elimi-
nated the LPS-induced increase in TNF-α, IL-1β, and 
IL-6 levels in BALF of mice (P < 0.01). The inhibitory 

effect of sh-KCNQ1OT1 on inflammation was reversed 
by silencing of miR-370-3p or overexpression of FOXM1 
(all P < 0.05, Fig. 6I–K).

Discussion
Pneumonia is an acute inflammation of the lower res-
piratory tract, which is considered the most widespread 
infectious disease and requires unremitting atten-
tion [6, 32]. Up-regulation of lncRNA KCNQ1OT1 

Fig. 4  MiR-370-3p directly targeted FOXM1. A A binding site between miR-370-3p and FOXM1 was predicted by starbase2.0. B Relative protein 
level of FOXM1 in LPS-induced WI-38 cells was detected by western blot. C The targeting relationship between miR-370-3p and FOXM1 was 
validated by dual-luciferase reporter (DLR) assay in LPS-induced WI-38 cells. D The targeting relationship between miR-370-3p and FOXM1 was 
validated by RNA binding protein immunoprecipitation (RIP) assay in LPS-induced WI-38 cells. (B-D) **P < 0.01, vs. mimics-negative control (NC)
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is intrinsically relevant to the pathogenesis of pulmo-
nary diseases [21, 33, 34]. Jiang et al. reported that the 
expression of KCNQ1OT1 in neutrophils of ARDS 
mice is considerably higher than that in the neutro-
phils of control mice [21]. Zheng et  al. demonstrated 
that KCNQ1OT1 is highly expressed in NSCLC tissues 
relative to normal tissues [33]. Ren et al. reported that 
the expression of KCNQ1OT1 in lung adenocarcinoma 
tissues was higher than that in control tissues [34]. In 
line with the expression trend of previous studies, we 
also observed the up-regulation of KCNQ1OT1 in the 
serum of patients with pneumonia and LPS-treated 
WI-38 cells and mice compared with the controls. 
Therefore, we speculated that KCNQ1OT1 participates 
in the progression of pneumonia. Pneumonia may be 
diagnosed by measuring KCNQ1OT1 expression in the 
serum of patients.

In contrast, accumulating evidence suggests that 
KCNQ1OT1 plays a pivotal role in the regulation 
of cell apoptosis, viability, and inflammation of sev-
eral diseases [35, 36]. For instance, down-regulation 
of KCNQ1OT1 facilitates cell viability while repress-
ing cell apoptosis and production of inflammatory 
cytokines in myocardial infarction [35]. Inhibition of 
KCNQ1OT1 promotes cell viability, reduces secretion 
of inflammatory factors, and suppresses cell apoptosis 
in a cell model of myocardial ischaemia/reperfusion 
injury [36]. Silencing of KCNQ1OT1 promotes apop-
tosis and suppresses the proliferation of NSCLC cells 
[20]. Analogous to prior findings, we discovered that 
knockdown of KCNQ1OT1 suppressed cell apoptosis 
and the inflammation response, whereas it facilitated 
cell viability in LPS-treated WI-38 cells. In addition, a 
previous study confirmed that the down-regulation of 
KCNQ1OT1 suppresses the inflammatory response 
by decreasing the levels of TNF-α and IL-6 in a mouse 
model of ARDS [21]. In this study, KCNQ1OT1 knock-
down alleviated LPS-induced lung injury and inflam-
mation in LPS-treated mice. These results indicated 
that KCNQ1OT1 knockdown alleviated LPS-induced 

injury both in vitro and in vivo. KCNQ1OT1 may be a 
potential target for the treatment of pneumonia, show-
ing promising prospects in clinical practice.

To our knowledge, a large number of lncRNAs affect 
the development of diseases by competitively binding 
miRNAs to modulate the expression of target genes 
[37–39]. KCNQ1OT1 directly targets miR-27b-3p 
[40] and miR-204-5p [20] in NSCLC and targets miR-
381-3p in ARDS [21]. We confirmed that lncRNA 
KCNQ1OT1 directly interacts with miR-370-3p and 
reverse regulates the expression of miR-370-3p in LPS-
induced pneumonia in vitro and in vivo. Furthermore, 
previous studies have uncovered the down-regulation 
and crucial impact of miR-370-3p in pneumonia [17, 
27]. For example, miR-370-3p is down-regulated in the 
serum of patients with acute pneumonia and promotes 
cell viability and represses inflammation and apopto-
sis in an LPS-induced cell model of pneumonia [27]. 
Down-regulation of miR-370-3p reverses the promot-
ing impact of lncRNA XIST knockdown on cell viability 
as well as the suppressive effects of XIST knockdown 
on the inflammatory response and apoptosis in an LPS-
induced cell model of pneumonia [17]. miR-370-3p 
regulates LPS-induced acute pneumonia in WI-38 
cells by targeting TLR4 [41]. In the present study, miR-
370-3p was down-regulated in the serum of patients 
with pneumonia and LPS-treated WI-38 cells and mice, 
which was consistent with the expression trend of prior 
findings. We speculated that the expression of miR-
370-3p in the serum of patients might be a diagnostic 
marker for pneumonia. In addition, miR-370-3p inhib-
ited apoptosis, inflammation, and enhanced the viabil-
ity of LPS-treated WI-38 cells. These results indicated 
that the up-regulation of miR-370-3p could alleviate 
LPS-induced injury in WI-38 cells, showing a poten-
tial promising strategy in the treatment of pneumonia 
in clinical practice. More importantly, we discovered 
that repression of miR-370-3p overturned the pro-
tective effects of KCNQ1OT1 silencing in both LPS-
treated WI-38 cells and mice. These results indicated 

Fig. 5  Knockdown of KCNQ1OT1 alleviated LPS-induced damage of WI-38 cells by regulating miR-370-3p/FOXM1 axis. A Relative expression of 
FOXM1 was determined by quantitative real-time polymerase chain reaction (qRT-PCR) in the serum of pneumonia patients and healthy controls. 
**P < 0.01, vs. Healthy control. B Relative protein level of FOXM1 was detected by western blot in WI-38 cells. **P < 0.01, vs. control. C The efficiency 
of pcDNA-FOXM1 on the expression of miR-370-3p was detected by qRT-PCR in WI-38 cells. **P < 0.01, vs. pcDNA-negative control (NC). D Relative 
protein level of FOXM1 was detected by western blot in LPS-induced WI-38 cells. E Cell viability was detected by 3-(4, 5-Dimethyl-2-Thiazolyl)-2, 
5-Diphenyl-2-H-Tetrazolium Bromide (MTT) assay in LPS-induced WI-38 cells. F The apoptosis rate was detected by flow cytometry in LPS-induced 
WI-38 cells. Lower left quadrant (LL): viable cells (AnnexinV −/PI −); Upper left quadrant (UL): necrotic cells (AnnexinV −/PI +); Lower right quadrant 
(LR): early apoptotic cells (AnnexinV +/PI −); Upper right quadrant (UR): late apoptotic cells (AnnexinV +/PI +); The apoptotic cells (%) were 
calculated as cells in LR + UR. G The level of TNF-α in LPS-induced WI-38 cells was measured by enzyme-linked immunosorbent assay (ELISA). H The 
level of IL-6 in LPS-induced WI-38 cells was measured by ELISA. I The level of IL-1β in LPS-induced WI-38 cells was measured by ELISA. D–I **P < 0.01, 
vs. small interfering (si)-NC. ##P < 0.01, vs. si-KCNQ1OT1

(See figure on next page.)
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Fig. 5  (See legend on previous page.)
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that silencing of KCNQ1OT1 protected against LPS-
induced injury by sponging miR-370-3p in pneumonia.

FOXM1, a member of the Forkhead box (FOX) fam-
ily of transcription factors, is expressed in proliferating 
cells and shares homology in the Winged Helix/Forkhead 
DNA binding domain [42, 43]. Up-regulation of FOXM1 
has been unveiled in pulmonary allergen sensitisation-
induced airway epithelial and inflammatory cells [44], 
Pseudomonas aeruginosa-induced pneumonia mice [45], 
and patients with bronchopulmonary dysplasia [46]. 
Additionally, Balli et  al. reported that up-regulation of 
FOXM1 enhances radiation-induced pneumonitis and 

pulmonary fibrosis [47]. Xia et  al. revealed that down-
regulation of FOXM1 exacerbates lung remodelling and 
reduces lung function in a mouse model of BPD [46]. 
Zhu et al. reported that silencing of FOXM1 reverses the 
inhibitory effects of CRNDE on apoptosis and inflam-
mation as well as the positive impact of CRNDE on cell 
viability in an LPS-induced cell model of pneumonia 
[29]. Consistent with the expression trends found in prior 
studies, we observed a high expression of FOXM1 in 
the serum of patients with pneumonia and LPS-treated 
WI-38 cells and mice, indicating that FOXM1 is impli-
cated in the development of pneumonia. Moreover, 

Fig. 6  Knockdown of KCNQ1OT1 mitigated LPS-caused lung injury and inflammation in mice through regulating miR-370-3p/FOXM1 axis. A The 
efficiency of Ad-sh-KCNQ1OT1 on the expression of KCNQ1OT1 was detected by quantitative real-time polymerase chain reaction (qRT-PCR) in 
lung tissues of mice. **P < 0.01, vs. adenovirus negative control (Ad-NC). B The efficiency of antagomiR-370-3p on the expression of miR-370-3p was 
detected by qRT-PCR in lung tissues of mice. **P < 0.01, vs. antagomiR-NC. C The efficiency of Ad-FOXM1 on the expression of FOXM1 was detected 
by qRT-PCR in lung tissues of mice. **P < 0.01, vs. Ad-NC. D Relative expression of KCNQ1OT1 was determined by qRT-PCR in LPS-induced mice. E 
Relative expression of miR-370-3p was determined by qRT-PCR in LPS-induced mice. F Relative expression of FOXM1 was determined by qRT-PCR 
in LPS-induced mice. G Hematoxylin–eosin (HE) staining of lung tissues in LPS-induced mice and lung injury score (Magnification 400 × , scale bar 
50 μm). H Lung wet/dry ratio. I The level of TNF-α in bronchoalveolar lavage fluid (BALF) was measured by ELISA. J The level of IL-6 in BALF was 
measured by ELISA. K The level of IL-1β in BALF was measured by ELISA. D–K **P < 0.01, vs. control. ##P < 0.01, vs. LPS + Ad-NC. &P < 0.05, &&P < 0.01, vs. 
LPS + Ad-sh-KCNQ1OT1
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FOXM1 can act as a downstream target of many miR-
NAs in lung cancers, such as miR-149 [48], miR-134 [49], 
miR-509-5p [50], miR-361-5p [51] and miR-145 [52]. 
Here, we confirmed that FOXM1 is targeted by miR-
370-3p and inversely regulated by miR-370-3p. Based on 
these results, we deduced that miR-370-3p ameliorated 
LPS-induced injury by targeting FOXM1. Furthermore, 
we found that overexpression of FOXM1 reversed the 
protective effects of KCNQ1OT1 silencing in both LPS-
treated WI-38 cells and mice. Taken together, we con-
cluded that si-KCNQ1OT1 might serve as a competitive 
endogenous RNA to regulate the expression of FOXM1 
by sponging miR-370-3p, thereby alleviating injury from 
pneumonia. Our results further confirmed the key role 
of the KCNQ1OT1/miR-370-3p/FOXM1 axis in the pro-
gression of pneumonia, providing new ideas for its clini-
cal treatment.

In summary, lncRNA KCNQ1OT1 was up-regulated 
in the serum of patients with pneumonia and in LPS-
treated WI-38 cells and mice. Silencing of KCNQ1OT1 
competitively bound with miR-370-3p regulated FOXM1 
expression, which consequently mitigated the LPS-
caused injury in WI-38 cells and mice (Additional file 1). 
Our findings may assist with understanding the func-
tion of KCNQ1OT1 in pneumonia and provide potential 
therapeutic strategies for pneumonia.
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Additional file 1. A flowchart of the regulatory mechanism of KCN-
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