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let7f-5p attenuates inflammatory injury in in vitro
pneumonia models by targeting MAPK6
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Abstract. Pneumonia accounts for ~1.3 million mortalities in
children per year worldwide. MicroRNAs are implicated in
several diseases, including cancer and pneumonia; however,
the role of let7f-5p in pneumonia is not completely understood.
In the present study, lipopolysaccharide (LPS) was used to
establish an in vitro pneumonia model in A549 and WI-38
cells. The reverse transcription-quantitative PCR (RT-qPCR)
and western blotting results demonstrated that let7f-5p expres-
sion levels were significantly decreased, whereas MAPK6
expression levels were significantly increased in the peripheral
venous blood of patients with pneumonia and in LPS-induced
A549 and WI-38 cells compared with healthy volunteers and
control cells, respectively. Furthermore, the dual-luciferase
reporter assay demonstrated that let7f-5p targeted the
3'-untranslated region of MAPK6. The ELISA and RT-qPCR
results demonstrated that let7f-5p mimic ameliorated
LPS-induced inflammatory injury in A549 and WI-38 cells,
as demonstrated by decreased expression levels of proinflam-
matory cytokines, including TNF-a and IL-6. In addition, the
Cell Counting Kit-8 assay results indicated that let7f-5p mimic
ameliorated LPS-induced reductions in cell viability, and the
western blotting results demonstrated that let7f-5p mimic
reversed LPS-induced activation of the STAT3 signaling
pathway. Notably, the aforementioned let7f-5p-mediated
effects were reversed by MAPKG6 overexpression. Collectively,
the results of the present study suggested that let7f-5p inhibited
inflammation by targeting MAPKGO in the in vitro pneumonia
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model, thus let7f-5p may serve as a potential novel therapeutic
target for pneumonia.

Introduction

Pneumonia is a lower respiratory illness, which is character-
ized by the following symptoms: Cough, fever, chest pain and
in severe cases, heart failure (1). Pneumonia is a common
infectious disease, with high morbidity rates (~0.02%)
worldwide, particularly in children (2,3). Inflammation is a
key defense mechanism to injury that prevents the entry of
hazardous substances into the body; however, inflammation
also displays the potential to cause injury (4). The respiratory
tract is easily infected on account of poor immune function in
pediatric cases (5). Inflammation from endotoxins is a leading
cause of pneumonia (6). As a potent endotoxin for inflam-
mation, lipopolysaccharide (LPS) is the primary bioactive
component of the cell wall of gram-negative bacterium (7).
Therefore, developing novel therapeutic strategies to inhibit
the progression of pneumonia is important.

MicroRNAs (miRNAs/miRs) are a subgroup of non-coding
RNAs <200 nucleotides in length, which control gene expres-
sion at the transcriptional and post-transcriptional levels, thus
affecting cellular processes (8). miRNAs, such as miR-3941,
have been reported to regulate inflammatory responses
and diseases (9). In addition, certain miRNAs have been
identified in the pathogenesis of pneumonia. For example,
Abd-El-Fattah ez al (10) demonstrated that miR-155, miR-21
and miR-197 are upregulated in patients with pneumonia, but
their targets and respective functions have not been identified.
In 2017, Huang et al (11) identified miRNA biomarkers for
pneumonia via RNA-sequencing and bioinformatics analysis,
which demonstrated that let7f is downregulated in the periph-
eral blood of patients with severe pneumonia. Therefore, the
present study aimed to investigate the role of let7f in pneumonia.

Materials and methods
Serum samples. As pneumonia is also frequent in children (2),

the present study aimed to identify a potential therapeutic target
for pneumonia in children. Peripheral venous blood (3 ml)
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was collected from 29 healthy children (22 male patients and
7 female patients; age range, 1-8 years; mean age, 4.7 years)
and 29 patients with pneumonia (22 male patients and 7 female
patients; age range, 1-7 years; mean age, 3.8 years) at Guizhou
Provincial People's Hospital (Guiyang, China) between
March 2016 and February 2018. The exclusion criteria were
as follows: i) Patients with immunodeficiency, tuberculosis
infection or asthma; and ii) patients with respiratory tract
infection or inflammatory disease. Patients aged 1-8 years
who were diagnosed with pneumonia were included in the
present study. Blood samples were centrifuged at 1,000 x g for
10 min at 4°C and the supernatant was collected for subsequent
experimentation. The present study was approved by the
Ethical Committee of Guizhou Provincial People's Hospital
(approval no. 2016011605). The parents or legal guardians of
all participants provided written informed consent.

Cell culture. The human lung adenocarcinoma A549 cell
line and normal human fibroblast WI-38 cell line were
purchased from American Type Culture Collection. Cells
were maintained in DMEM supplemented with 10% FBS and
1% penicillin/streptomycin (all purchased from Invitrogen;
Thermo Fisher Scientific, Inc.) at 37°C with 5% CO,.

Cell transfection. The full length of MAPKG6 was reconstructed
into a pcDNA3.1 empty vector (Invitrogen; Thermo Fisher
Scientific, Inc.). let7f-5p mimic (5-UUGAUAUGUUAGAUG
AUGGAGU-3") and negative control (NC) mimic (5'-UCA
CAACCUCCUAGAAAGAGUAGA-3") were synthesized
by Shanghai GenePharma Co., Ltd. A549 and WI-38 cells
(1x10* cells/well) were transfected with 2 pg pcDNA3.1, 2 ug
pcDNA3.1-MAPK6, 100 nM NC mimic or 100 nM let7f-5p
mimic using Lipofectamine® 2000 reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
protocol. After transfection for 48 h at 37°C, cells were used
for subsequent experiments.

LPS treatment. Briefly, cells were seeded (2x10° cells/well)
into 6-well plates and cultured at 37°C for 24 h. To establish
the in vitro pneumonia model, WI-38 cells were incubated with
10 pg/ml LPS (Beijing Solarbio Science & Technology Co.,
Ltd.) for 12 h at 37°C as previously described (12,13), whereas
A549 cells were incubated with 10 pg/ml LPS for 12 h at 37°C
as previously described (14).

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from peripheral venous blood, and A549
and WI-38 cells using TRIzol® reagent (Invitrogen; Thermo
Fisher Scientific, Inc.). Total RNA was reverse transcribed into
cDNA using the PrimeScript™ RT reagent kit (cat. no. RRO47A;
Takara Biotechnology Co., Ltd.), according to the manufacturer's
protocol. Subsequently, gPCR was performed using the SYBR
Premix Ex Taq (cat.no.RRO03A; Takara Biotechnology Co.,Ltd.).
The following thermocycling conditions were used for qPCR:
Initial denaturation at 94°C for 5 min; followed by 40 cycles of
degeneration at 94°C for 30 sec, annealing at 60°C for 30 sec and
extension at 72°C for 1 min. The following primers were used
for gPCR: let7f-5p forward, 5"TTGATATGTTAGATGATG
GAGT-3' and reverse, 5-ACTCCATCATCTAACATATCAA-3
IL-6 forward, 5-"AGCCACTCACCTCTTCAGAACGAA-3' and

reverse, 5“-TACTCATCTGCACAGCTCTGGCTT-3"; TNF-a
forward, 5'-GCCAATGGCATGGATCTCAAAG-3' and reverse,
5'-CAGAGCAATGACTCCAAAGT-3"; U6 forward, 5-GTG
CTCGCTTCGGCAGCACAT-3' and reverse, 5-AATATGGAA
CGCTTCACGAAT-3'; MAPK6 forward, 5-GTACACATGTGT
TATCTACCTCA-3 and reverse, 5S“"-TACAATAAACGCTGG
CTAA-3'; and GAPDH forward, 5-GCACCGTCAAGGCTG
AGAAC-3' and reverse, S“-TGGTGAAGACGCCAGTGGA-3'.
let7f-5p and IL-6/TNF-a/MAPK6 mRNA expression levels were
quantified using the 2224 method (15) and normalized to the
internal reference genes U6 and GAPDH, respectively.

Western blotting. Total protein was extracted from peripheral
venous blood, and A549 and WI-38 cells using RIPA lysis
buffer (Sigma-Aldrich; Merck KGaA) supplemented with
protease inhibitors. Total protein was quantified using the
BCA method (Beyotime Institute of Biotechnology). Equal
amounts of protein (15 pg/lane) were separated via 8%
SDS-PAGE and transferred onto PVDF membranes. Following
blocking with 5% non-fat milk at room temperature for 2 h,
the membranes were incubated overnight at 4°C with primary
antibodies (all purchased from Cell Signaling Technology,
Inc.) targeted against: MAPKG6 (cat. no. 4067; 1:1,000),
STAT3 (cat. no. 12640; 1:1,000), phosphorylated-STAT3
(cat. no. 9145; 1:1,000) and GAPDH (cat. no. 5174; 1:1,000).
Following washing three times with TBST, the membranes
were incubated with HRP-conjugated goat anti-rabbit
secondary antibodies (cat. no. 7074; 1:3,000; Cell Signaling
Technology, Inc.) at room temperature for 1 h. Protein bands
were visualized using an ECL system (Beyotime Institute of
Biotechnology). Protein expression was semi-quantified using
Image] software (version 1.50; National Institutes of Health).

Cell viability assay. A549 and WI-38 cell viability were
assessed using the Cell Counting Kit-8 (CCK-8) detection
kit (cat. no. CSP04; Dojindo Molecular Technologies, Inc.)
according to the manufacturer's protocol. Briefly, cells were
seeded (5x10° cells/well) into 96-well plates and cultured for
24 h at 37°C. Subsequently, 20 ul CCK-8 solution was added
to each well for 1 h at 37°C. The absorbance was measured at
a wavelength of 450 nm using a microplate reader.

ELISA. A549 and WI-39 cell culture media were collected.
The levels of inflammatory cytokines, including IL-6
(cat. no. D6050) and TNF-a (cat. no. MTAOOB), were detected
using ELISA kits (R&D Systems, Inc.) according to the
manufacturer's protocol.

Dual-luciferase reporter assay. TargetScan software
(version 7.1; www.targetscan.org/vert_71) was used to predict
the complementary binding sites between let7f-5p and the
3'-untranslated region (UTR) of MAPKG6. To validate the
interaction between let7f-5p and MAPK6, A549 and WI-38
cells were seeded (1x10* cells/well) into 24-well plates and
co-transfected with wild-type (WT) MAPK6 (0.2 mg) or
mutant MAPK6 (0.2 mg) pmiRGLO dual-luciferase vectors
(Promega Corporation) and let7f-5p mimic (20 nM) or
NC mimic (20 nM) using Lipofectamine 2000. Following
incubation for 24 h at 37°C, luciferase activities were detected
using a Dual-Luciferase Reporter assay system (Promega
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Figure 1. let7f-5p expression is negatively correlated with MAPKG6 expression in patients with pneumonia. Reverse transcription-quantitative PCR analysis was
performed to detect the expression levels of (A) let7f-5p and (B) MAPKG in the peripheral venous blood of patients with pneumonia and healthy volunteers.
(C) Pearson's correlation analysis was performed to determine the correlation between let7f-5p and MAPK6. “P<0.01 vs. healthy volunteers.

Corporation) according to the manufacturer's protocol. Firefly
luciferase activity was normalized to Renilla luciferase
activity.

Statistical analysis. Statistical analyses were performed using
GraphPad software (version 6.0; GraphPad Software, Inc.). All
experiments were performed in triplicate. Data are presented
as the mean + SD. The unpaired Student's t-test was performed
to compare the difference of let7f-5p and MAPK6 between
healthy volunteers and patients with pneumonia. The unpaired
Student's t-test was performed to compare differences between
two groups for in vitro experiments. One-way ANOVA
followed by Tukey's post hoc test was used to compare differ-
ences among multiple groups. Pearson's correlation analysis
was performed to determine the correlation between let7f-5p
and MAPKG6 in the peripheral venous blood of patients with
pneumonia. P<0.05 was considered to indicate a statically
significant difference.

Results

let7f-5p expression is negatively correlated with MAPK6
expression in patients with pneumonia. The expression

profiles of let7f-5p and MAPKG6 in patients with pneumonia
and healthy volunteers were assessed via RT-qPCR. let7f-5p
expression was significantly decreased (Fig. 1A) and MAPK6
expression was significantly increased (Fig. 1B) in the periph-
eral venous blood of patients with pneumonia compared with
healthy volunteers. Pearson's correlation analysis demon-
strated that let7f-5p expression was negatively correlated with
MAPKG6 expression in patients with pneumonia (Fig. 1C).

LPS-induced inflammatory injury in A549 and WI-38 cells.
The effects of LPS on A549 and WI-38 cells were assessed
by performing CCK-8 and ELISA assays. The CCK-8 assay
results indicated that LPS treatment significantly decreased
cell viability compared with the control group (Fig. 2A). In
addition, the RT-qPCR and ELISA results indicated that LPS
treatment significantly increased the expression and release
of proinflammatory cytokines TNF-a and IL-6 in A549 and
WI-38 cells compared with the control group (Fig. 2B-E).
Collectively, the results suggested that LPS induced
inflammatory injury in A549 and WI-38 cells.

let7f-5p and MAPKG6 expression in LPS-induced inflammatory
injury. The expression profiles of let7f-5p and MAPKG6 in the
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Figure 2. LPS-induced inflammatory injury in A549 and WI-38 cells. (A) Cell Counting Kit-8 assay was performed to assess cell viability in A549 and WI-38
cells. Reverse transcription-quantitative PCR was performed to measure (B) IL-6 and (C) TNF-a mRNA expression levels in A549 and WI-38 cells. ELISAs
were performed to assess the concentrations of (D) IL-6 and (E) TNF-a in the cell culture medium of A549 and WI-38 cells. “P<0.01 and ““P<0.001 vs. Ctrl.

LPS, lipopolysaccharide; Ctrl, control.

in vitro pneumonia model in A549 and WI-38 cells were
assessed via RT-qPCR and western blotting. The results
demonstrated that let7f-5p expression levels were significantly
lower (Fig. 3A), whereas MAPKG6 protein expression levels
were significantly higher (Fig. 3B and C) in LPS-treated A549
and WI-38 cells compared with the control group.

let7f-5p targets MAPKG6. The interaction between let7f-5p
and MAPKG6 was verified by performing the dual-luciferase
reporter assay. TargetScan software identified
complementary binding sites between let7f-5p and the 3'UTR
of MAPKG6 (Fig. 4A). The results demonstrated that let7f-5p
mimic significantly increased let7f-5p expression in A549
and WI-38 cells compared with NC mimic (Fig. 4B). The
dual-luciferase reporter assay results indicated that compared
with NC mimic, let7f-5p mimic significantly decreased the
luciferase activity of WT MAPK6 in A549 and WI-38 cells,
but did not significantly alter the luciferase activity of MUT
MAPKG6 in A549 or WI-38 cells (Fig. 4C and D).

let7f-5p attenuates LPS-induced inflammatory injury by
targeting MAPK6. The effects of let7f-5p and MAPKG6 in the
LPS-induced in vitro pneumonia model were investigated in
A549 and WI-38 cells. The RT-qPCR and western blotting results
demonstrated that pcDNA3.1-MAPKG6 significantly increased
MAPK6 mRNA and protein expression levels (Fig. 5SA-C)
compared with pcDNA3.1 in A549 and WI-38 cells. The CCK-8
assay results suggested that let7f-5p mimic significantly amelio-
rated LPS-induced reductions in cell viability in A549 and WI-38
cells, but let7f-5p mimic-mediated effects were significantly
reversed by MAPKG6 overexpression (Fig. 6A). The RT-qPCR
and ELISA results demonstrated that let7f-5p mimic significantly
ameliorated LPS-induced TNF-a and IL-6 expression and release
in A549 and WI-38 cells, which was also significantly reversed by
transfection with pcDNA3.1-MAPKG6 (Fig. 6B-E).

STAT3 is involved in let7f-5p/MAPK6-mediated regulation
of LPS-induced inflammatory injury. Compared with the
control group, LPS significantly increased STAT3 activation
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Figure 3. let7f-5p and MAPKG6 expression in LPS-induced inflammatory injury. (A) Reverse transcription-quantitative PCR was performed to detect let7{-5p
expression levels in A549 and WI-38 cells. MAPKG6 protein expression levels were (B) determined via western blotting and (C) semi-quantified in A549 and
WI-38 cells. “P<0.01 vs. Ctrl. LPS, lipopolysaccharide; Ctrl, control.
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Figure 4. let7f-5p targets MAPKG6. (A) TargetScan software was used to predict the complementary binding sites between let7f-5p and MAPKG6. (B) Reverse
transcription-quantitative PCR was performed to assess the transfection efficiency of let7f-5p mimic in A549 and W1I-38 cells. Dual-luciferase reporter assays
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in A549 and WI-38 cells, which was reversed by transfection
with let7f-5p mimic (Fig. 7A and B). However, let7f-5p
mimic-mediated effects on STAT3 activation were significantly
reversed by transfection with pcDNA3.1-MAPK6.

Discussion

Pneumonia is a common infectious disease, with high
mortality and morbidity rates worldwide (2,3); therefore,
developing novel therapeutic strategies for the management
of pneumonia is important. Targeted therapy is extensively
applied in the treatment of several diseases (16). For example,
the let7 family participates in multiple carcinogenic signaling
pathways (17). let-7 serves as a tumor suppressor, whereby let-7
downregulation promotes lung cancer cell proliferation (18),
whereas let-7b and let-7c are crucial for lung restoration
in influenza pneumonia model mice (18). let7f inhibition
facilitates neuroprotection in ischemic stroke (19), and let7f
expression is elevated following ischemia-reperfusion (20), but
decreased in patients with papillary thyroid cancer (21). By
performing RNA-sequencing and bioinformatics analysis, a
previous study demonstrated that let7f expression is decreased
in the peripheral blood of patients with severe pneumonia
compared with healthy volunteers (11). More recently, it has

been reported that let7f expression is decreased in the blood
of extracellular vesicles of alcohol-drinkers without liver
injury compared with non-drinkers (22). To the best of our
knowledge, the present study was the first to investigate the
role of let7f-5p in pneumonia.

MAPKG6 serves as a promoter of several diseases:
Small nucleolar RNA host gene 6 facilitates breast
cancer cell proliferation and metastasis by regulating the
miR-26a-5p/MAPKG6 axis (23); miR-144-3p inhibits the
progression of cervical cancer by targeting MAPK6 (24);
nuclear paraspeckle assembly transcript 1 enhances myocardial
ischemia-reperfusion injury via the miR-495-3p/M APK6
axis (25); and miR-26a-5p negatively regulates neuropathic
pain by targeting MAPKG6 (26). As for the function of MAPK6
in inflammation, hierarchical clustering in tongue tissue with
hyperplasia suggests that cytokine-mediated inflammation
may be associated with MAPKG6 (27). However, the exact role
of MAPKG6 in pneumonia is not completely understood.

The present study aimed to investigate the role of let7f-5p
and MAPKG6 by recruiting healthy volunteers and patients
with pneumonia, and using in vitro pneumonia model. The
results demonstrated that let7f-5p expression was significantly
decreased, whereas MAPKG6 expression was significantly
increased in the peripheral venous blood of patients with
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pneumonia and in LPS-induced WI-38 and A549 cells
compared with healthy volunteers and control cells, respec-
tively. The results also demonstrated that let7f-5p targeted
MAPKG6 in WI-38 and A549 cells, and let7f-5p expression
was negatively correlated with MAPK6 expression in the
peripheral venous blood of patients with pneumonia.

Pneumonia is associated with inflammation (6). TNF-q,
a predominant cytokine that is produced by monocytes and
macrophages, is an important inflammatory mediator (28,29).
TNF-a initiates the inflammatory response by inducing local
infiltration, neutrophil chemotaxis, phagocytosis and killing of
pathogens (30). IL-6, an important cytokine that is produced by
monocytes, macrophages and lymphocytes, is a pivotal medi-
ator during the acute phase of inflammatory response (28,30).
The results of the present study demonstrated that, compared
with the control group, LPS treatment significantly increased
the expression levels of TNF-a and IL-6 in A549 and WI-38
cells, which were reversed by transfection with let7f-5p mimic.
However, let7f-5p mimic-mediated effects were reversed by
MAPKG6 overexpression.

The STAT3 signaling pathway is pivotal for the inflam-
matory response (31). During acute inflammatory injury, the
STAT3 signaling pathway is implicated in lung injury (32) and
LPS-induced inflammatory injury, as well as in the circular
RNA (circ)_0038467/miR-338-3p axis (33). The results of the
present study demonstrated that LPS significantly increased
STAT3 activation compared with the control group, which
was reversed by transfection with let7f-5p mimic. Moreover,
let7f-5p mimic-mediated effects on STAT3 activation were
reversed by MAPK6 overexpression.

As for the association between the let7f-5Sp/MAPK6/STAT3
axis and inflammation, several reports in other inflamma-
tion-related diseases have been published. In 2019, Tan et al (34)
reported that let7f-5p attenuated inflammation in systemic
lupus erythematosus by targeting NLR family pyrin domain
containing 3. In 2020, Yao et al (35) demonstrated that MAPK6
was involved in circ_0000285-induced inflammation in
diabetic nephropathy. The STAT3 signaling pathway is pivotal
for the inflammatory response (31). In 2019, Li et al (36)
reported that let7f-5p reduced Th17 differentiation in multiple
sclerosis by targeting STAT3. In 2018, Kim et al (37) demon-
strated that orientin repressed breast cancer cell invasion via the
MAPKG6/STATS3 signaling pathway (37). However, the relation-
ship between let7f-5p and MAPK®6, as well as the interactions
between let7f-5p and MAPKGO, let7f-5p and STAT3 or MAPK6
and STAT3 in pneumonia have not been previously reported.
Therefore, to the best of our knowledge, the present study indi-
cated for the first time that the let7f-5p/MAPK6/STAT3 axis
may serve an inhibitory role in inflammation in pneumonia.

The present study had two key limitations. The results of the
present study demonstrated that let7f-5p expression was signifi-
cantly decreased in patients with pneumonia and in LPS-induced
A549 and WI-38 cells compared with healthy volunteers and
control cells, respectively. Therefore, the present study aimed to
investigate the effect of let7f-5p overexpression on pneumonia
and to assess whether MAPK6 overexpression could rescue the
effects of let7f-5p overexpression on pneumonia. The results
indicated that let7f-5p inhibited pneumonia-associated inflam-
mation in vitro by targeting MAPK6. However, the effects
of MAPKG6 knockdown or knockout on inflammation could

be similar to the effects mediated by let7f-5p overexpression,
but this was not investigated in the present study, thus further
investigation is required. Secondly, although the WI-38 cell line
is widely used for the study of pneumonia in vitro (13,38,39), a
future study using a normal non-cancerous human lung cell line
should be performed to verify the results of the present study.
Collectively, the results of the present study suggested that
let7f-5p inhibited pneumonia-associated inflammation in vitro
by targeting MAPKG6 and inactivating the STAT3 signaling
pathway. Therefore, let7f-5p may serve as a potential target for
anti-inflammatory therapeutic strategies for pneumonia.
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