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EZH2; Background: In recent times, the medical science has developed by leaps and bounds, however,
JAK2; the molecular mechanism of pediatric pneumonia is still unclear. Although prior researches
METTL3; have shown that methyltransferase-like 3 (METTL3) is up-regulated in a variety of inflamma-
pediatric pneumonia; tory diseases, its role and mechanism has been rarely studied in pediatric pneumonia, and
STAT need to be defined elaborately.

Objective: In this study, the related molecular mechanism of METTL3 on inflammation and cell
apoptosis in a pediatric pneumonia was investigated.

Materials and methods: Quantitative real-time polymerase chain reaction (QPCR) and western
blot assays were employed to examine the mRNA and protein expression level of METTL3 and
EZH2 in peripheral blood monocytes from pediatric pneumonia patients or cell model (WI-38).
Then, gPCR and ELISA assay were applied to verify the inflammatory response in LPS-treated
WI-38 cell lines after knockdown of METTL3. Besides, MTT cell viability assays, flow cytome-
try, and western blot assays were applied to examine the cell viability and cell apoptosis of
LPS-treated WI-38 cell after knockdown of METTL3. Further, the western blot assays were
employed to examine the protein expression levels of p-JAK2, JAK2, p-STAT3, STAT3, and EZH2
in LPS-treated WI-38 cell after knockdown of METTL3. Finally, ELISA and western blot were
applied to verify the inflammatory response and cell apoptosis of LPS-treated WI-38 cell after
knockdown of METTL3 and overexpression of EZH2.

Results: In this study, the results showed that METTL3 and EZH2 were highly expressed in pedi-
atric pneumonia patients and cell models (WI-38), respectively. Besides, downregulation of
METTL3 inhibited LPS-induced inflammatory response and cell apoptosis. Then, the fact that
METTL3 regulates the JAK2/STAT3 signaling pathway through EZH was proved. Furthermore,
downregulation of METTL3 inhibits inflammation and apoptosis through EZH2.

*Corresponding author: Xiaoging Yang, Department of Pediatrics, Women and Children’s Hospital, School of Medicine, Xiamen University,
No. 10, Zhenhai Road, Zhonghua Street, Siming District, Xiamen, Fujian 361003, China. Email address: yangxiaoqing0423@163.com

https://doi.org/10.15586/aei.v49i5.445
Copyright: Ying Y, et al.
License: This open access article is licensed under Creative Commons Attribution 4.0 International (CC BY 4.0). http://creativecommons.org/


http://creativecommons.org/

50

Ying Yang et al.

Conclusion: This study found that METTL3 promotes inflammation and cell apoptosis in a pedi-

atric pneumonia model by regulating EZH2.
© 2021 Codon Publications. Published by Codon Publications.

Introduction

Pneumonia is one of the major infectious diseases, and
its global mortality and morbidity are at a leading level,
especially in children. Around 1.1-1.4 million children die
of pneumonia annually. The high incidence of pneumonia
in children can lead to serious complications and adverse
reactions, and even death.' Therefore, it is necessary to
study the potential pathogenesis of pneumonia in children
and identify effective therapeutic targets.2 Human lung
fibroblasts WI-38 treated with lipopolysaccharide (LPS) to
construct a pneumonic cell model is often used to study
pediatric lung disease. Activating proinflammatory factor,
in turn, can activate a variety of intracellular signal trans-
duction pathways, including Janus kinase 2 (JAK2)-signal
transduction and transcriptional activator 3 (STAT3) path-
way, which is a proinflammatory and apoptotic pathway.
JAK2 and its downstream factor STAT3 (the JAK2-STAT3
signaling pathway) are triggered by ligand, or LPS stimu-
lation, if activated STAT3 is translocated into the nucleus
to regulate target gene expression,** and this JAK2-STAT3
activation induces pneumonia.’

Methyltransferase-like 3 (METTL3) is an RNA N-6-
methyladenosine (M6A) methyltransferase, which is
essential for the modification of M6A MRNA. As a key
enzyme of M6, it is involved in immune and inflammatory
regulation. Studies have shown that METTL3 is upregu-
lated in a variety of inflammatory diseases, including
rheumatoid arthritis® and pulpitis.” Knockdown of METTL3
reduces inflammation and apoptosis of chondrocytes.?
Loss of METTL3 further inactivates the JAK2-STAT3 path-
way by interfering JAK2 and SOCS3 expression.’ Studies
have shown that METTL3 can bind to EZH2 mRNA, and
M6A modification was confirmed on EZH2 mRNA. After
interference with METTL3, the expression of EZH2 pro-
tein in SUNE-1 cells decreases significantly.”® However,
the role of METTL3 in pediatric pneumonia has remained
unclear.

The enhancer of EZH2 is a histone lysine
N-methyltransferase, a vital component of multicomb
inhibition complex 2." Studies have shown that EZH2 is
upregulated in some inflammatory diseases, for exam-
ple, in pulpitis. Inhibition of EZH2 can suppress the
expression of proinflammatory factors, such as inter-
leukin 6 (IL-6) and interleukin 8 (IL-8) cytokines, and
weaken inflammatory response.'”? EZH2 is upregulated
in nonalcoholic steatohepatitis, and treatment with
EZH2 inhibitors reduces the expression of serum tumor
necrosis factor-a. (TNF-a)."® EZH2 may promote the pro-
liferation and migration of bladder cancer through the
JAK2-STAT3 pathway.™

Therefore, the role of METTL3 and its related mecha-
nisms in pediatric pneumonia were studied in this study to
provide reference for the treatment of the disease.

Materials and methods
Tissue sample

A total of 50 peripheral blood samples of pediatric pneu-
monia patients were randomly collected at the Women and
Children’s Hospital, School of Medicine, Xiamen University.
Informed written consent was obtained from all patients
before collection of samples. Study protocols were approved
by the Ethics Committee of the Women and Children’s
Hospital, School of Medicine, Xiamen University (approval
No. 2016-24, dated 09 March, 2016) and conducted accord-
ing to the principles of the Declaration of Helsinki.”” The
detail information were showed in the table 1.

Cell culture

The human embryonic lung cells (WI-38) were bought from
the Chinese Academy of Sciences (Shanghai, China). The
cells were cultured in Dulbecco’s Modified Eagle Medium
(DMEM; Gibco, Carlsbad, CA, USA) containing 10% fetal
bovine serum (Gibco) and 1% penicillin/streptomycin
(Gibco) in a humidified 5% CO, incubator at 37°C.

Real-time quantitative polymerase chain reaction
(RT-qPCR)

Cells were collected and total RNA was extracted by using
Trizol reagent (Invitrogen, CA, USA) as directed in the prod-
uct manual. The ChamQ™ SYBR® gPCR Master Mix (Vazyme,

Table 1 Primers for METTL3, EZH2, IL-6, MCP-1, TNF-a,
and reference genes.

Gene Primer Sequence (5" — 3')
METTL3 Forward CCAGCACAGCTTCAGCAGTTCC
Reverse = GCGTGGAGATGGCAAGACAGATG
EZH2 Forward AATCAGAGTACATGCGACTGAGA
Reverse =~ GCTGTATCCTTCGCTGTTTCC
IL-6 Forward CACATGTTCTCTGGGAAATCG
Reverse  TTGTATCTCTGGAAGTTTCAGATTGTT
MCP-1 Forward CTCACCTGCTGCTACTCATTC
Reverse =~ GCATGAGGTGGTTGTGAAAAA
TNF-o Forward GCCACCACGCTCTTCTGTCTAC
Reverse  GGGTCTGGGCCATAGAACTGAT
U6 Forward TCCTCCACGACAACCAAAACC
Reverse  TCTTTTCCCAAAATCCCAGACTC
GAPDH Forward CTGGGCTACACTGAGCACC
Reverse  AAGTGGTCGTTGAGGGCAATG
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Table 1 Clinical data of patients.

Clinicopathological characteristics of patients with
pneumonia

Clinicopathological features (total = 50)

Gender
Male 27
Female 23
Median age (years) 6
Clinical manifestations
Cough 45
Fever 43
Abnormal breathing 30
WBC (x109/L) 10.50 + 3.40
Neutrophils(x109/L) 2.12 £ 0.67
Path of infection
Bacterial 12
Virus 10
Mycoplasma 28

Nanjing, China) was applied to amplify METTL3, EZH2, IL-6,
MCP-1, and TNF-a. complementary DNAs (cDNAs) using the
QuantStudio 6 Flex real-time PCR (RT-PCR) system (Life
Technologies, Carlsbad, CA, USA) according to product
manual. The expression values of target gene were normal-
ized to the U6 expression. Relative expressions of METTL3,
EZH2, IL-6, MCP-1 and TNF-o. were analyzed using the del-
ta-delta Ct method (224¢%).'6"7 Primer sequences are exhib-
ited in Table 1. All reactions were executed in triplicate.

Western blot assay

Total protein was extracted from cells by radioimmuno-
precipitation assay (RIPA) buffer (Beyotime, Shanghai,
China). Bicinchoninic acid (BCA) protein assay kit (CoWin
Biotechnology) was used to examine the total protein con-
centration. After separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE), total protein
was transferred to polyvinylidene difluoride membranes
(PVDF; Millipore) and blocked for 1 h with 5% non-fat milk
at room temperature. The protein was identified and incu-
bated overnight at 4°C with specific primary antibodies
METTL3 (ab195352, 1:1000; Abcam, Cambridge, MA, USA),
EZH2 (ab191080, 1:500; Abcam), cleaved Caspase-3 (ab32042,
1:500; Abcam), cleaved Caspase-9 (ab2324, 1:2000; Abcam),
JAK2 (ab108596, 1:1000; Abcam), p-JAK2 (ab32101, 1:5000;
Abcam), STAT3 (ab31370, 1:1000; Abcam), p-STAT3 (ab76315,
1:5000; Abcam), and GAPDH (ab9485, 1:3,000; Abcam). Next,
the membranes were incubated with horseradish peroxidase
(HRP)-conjugated goat anti-rabbit immunoglobulin G second-
ary antibody (ab205718, 1:2000; Abcam), and the ECL che-
miluminescence reagent (Beyotime) was added to obtain
bands. GAPDH was used to normalize analyzed samples.

Cell transfection

Si-METTL3 and pcDNA-EZH2 vector (Genecreate, China)
were used to knockdown or overexpress the expression of

METTL3 and EZH2. Cells were cultured in six-well plates for
about 24 h and transfected with indicated plasmids using
lipofectamine 3000 (Thermo Fisher Scientific, Grand Island,
USA).

Enzyme-linked-immunosorbent serologic assay
(ELISA)

IL-6, MCP-1, and TNF-a. protein levels in WI-38 cells were
examined by ELISA using kits purchased from eBioscience
(Cat. No. 88-7013-88; San Diego, CA, USA) following manu-
facturer’s instructions.

MTT assay

In order to evaluate the ability of cell proliferation, an MTT
method was used. Briefly, the cells (2.5 x 10° cells/mL)
were plated into 96-well plates. After treatment, 0.5-mg/
mL MTT solution (Beyotime) was added into each well, and
cells were incubated for another 4 h at 37°C. Subsequently,
the culture medium was discarded and 100-uL dimethyl
sulfoxide (DMSO, Sigma) was added for visualization.

Cell Apoptosis

Normal cultured cells were washed twice with phosphate
buffer solution (PBS). Then 100-uL binding buffer and 10-pL
FITC Annexin-V (20 pg/mL; Invitrogen) were added, and the
cells were protected from light at room temperature for
30 min. After this, the cells were added with 5-uL PI (50
ug/mL; Invitrogen) and 400-uL binding buffer. FACScan was
used for flow cytometry quantitative detection (generally,
for no more than 1 h). Tube without FITC Annexin-V and PI
was used as a negative control.

Statistical analysis

All data are presented as mean + standard deviation (SD)
from three independent assays. Student’s t-test was used
to calculate comparisons between two groups. We used
GraphPad Prism 5 (GraphPad Software, Inc., San Diego, CA,
USA) for analysis. P < 0.05 was considered to manifest a
statistically significant difference.

Results

METTL3 and EZH2 were highly expressed in
pediatric pneumonia patients and LPS-induced
cell models

The total RNA and protein were extracted from the periph-
eral blood mononuclear cells of 50 pediatric pneumonia
patients and 50 healthy children of the same age to detect
the expression levels of METTL3 and EZH2. The results
of RT-gPCR and western blot analyses showed that both
METTL3 and EZH2 were highly expressed in 50 pediatric
pneumonia patients compared with 50 healthy subjects
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Figure 1 METTL3 and EZH2 were highly expressed in pediatric pneumonia patients and LPS-induced cell models. (A) mRNA and

(B) protein expression levels of METTL3 and EZH2 in peripheral blood mononuclear cells (PBMC) obtained from pediatric pneumonia
patients (n = 50) and even-aged healthy children (control group, n = 50). (C) mRNA and (D) protein expression levels of METTL3
and EZH2 in WI-38 cells treated with LPS at a concentration of 20 ug/mL, **P < 0.01. GAPDH was normalized as an internal control.

(Figures 1A and 1B) (P < 0.01). The expression levels of
METTL3 and EZH2 in LPS-induced WI-38 cell model were
detected. The results of RT-qPCR and western blot anal-
yses suggested that the expression levels of METTL3 and
EZH2 were notably upregulated in LPS-induced WI-38 cell
model compared with the control group (Figures 1C and 1D)
(P < 0.01). These results illustrated that METTL3 and EZH2
were highly expressed in pediatric pneumonia patients and
LPS-induced cell models.

Downregulation of METTL3 abated LPS-induced
inflammatory response

We first detected transfection efficiency in LPS-induced
WI-38 cells. Western blot assay revealed that the expression
level of METTL3 declined in si-METTL3+LPS group (Figure
2A) (P <0.01). The cellular inflammatory factors were exam-
ined by RT-qPCR assay and ELISA. The results showed that
the expression levels and contents of IL-6, MCP-1, and TNF-a
were significantly increased in LPS and si-NC+LPS groups,
while the expression levels and contents of these inflam-
matory factors declined in si-METTL3+LPS group compared
with the control group (Figures 2B and 2C) (P < 0.01). The
above-mentioned results validated that the knockdown of
METTL3 suppressed LPS-induced inflammatory response.

Downregulation of METTL3 inhibited LPS-induced
apoptosis

Next, we analyzed apoptosis in the indicated treated cells.
MTT assay revealed that compared with the control group,
cell viability was weakened in WI-38 cells induced with LPS
whereas it was enhanced by knockdown of METTL3 (Figure
3A) (P < 0.01). Flow cytometry analysis suggested that LPS

treatment increased whereas downregulating of METTL3
decreased the apoptosis rate of WI-38 cells (Figure 3B)
(P < 0.01). Results of western blot assay demonstrated
that compared with control group, the expression levels of
cleaved caspase-3 and cleaved caspase-9 were increased
in LPS and si-NC+LPS group whereas these were downregu-
lated in si-METTL3+LPS group (Figure 3C) (P < 0.01). These
results collectively demonstrated the suppression role of
METTL3 in LPS-induced apoptosis.

METTL3 regulated the JAK2-STAT3 signaling
pathway through EZH2

We further investigated the possible functional mechanism
of METTL3 in pediatric pneumonia patients. According to
the results of western blot assay, we found that inducing
of LPS increased and overexpression of METTL3 decreased
the expression level of EZH2 in WI-38 cells. The expression
level of EZH2 in WI-38 cells was increased after transfect-
ing with pcDNA EZH2 plasmid. Meanwhile, expression levels
of p-JAK2-JAK2 and p-STAT3-STAT3 increased in LPS and
si-NC+LPS group compared with the control group whereas
overexpression of EZH2 reversed the expression reduc-
tion caused by knockdown of METTL3 (Figure 4) (P < 0.01).
These results suggested that METTL3 regulated the JAK2-
STAT3 signaling pathway via EZH2.

Downregulation of METTL3 inhibited inflammatory
response and apoptosis through EZH2

The contents of IL-6, MCP-1, and TNF-o. were examined by
ELISA. The results established that the contents of IL-6, MCP-
1, and TNF-a decreased by different degrees in si-METTL3+p-
cDNA+LPS group compared with si-NC+pcDNA+LPS group
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Figure 2 Downregulation of METTL3 abated LPS-induced inflammatory response. (A) The western blot assay results showed the
protein expression level of METTL3 in LPS-induced WI-38 cells after transfecting with si-NC or si-METTL3 plasmids, **P < 0.01.
GAPDH was normalized as an internal control. (B) RT-gPCR results exhibited the mRNA expression levels of IL-6, MCP-1, and TNF-
o in WI-38 cells of control, LPS, and si-NC+LPS and si-METTL3+LPS groups, **P < 0.01. (C) ELISA results showed the contents of
IL-6, MCP-1, and TNF-a in WI-38 cells of control, LPS, and si-NC+LPS and si-METTL3+LPS groups, **P < 0.01. #‘Comparison between

Si-METTL3+LPS and si-NC+LPS groups.

whereas overexpression of EZH2 reversed the anti-inflam-
matory effect of si-METTL3 (Figure 5A) (P < 0.01). Results of
western blot revealed that the expression levels of cleaved
Caspase-3 and cleaved Caspase-9 decreased in si-METTL3+p-
cDNA+LPS group compared with si-NC+pcDNA+LPS group
whereas overexpression of EZH2 reversed the apoptosis inhib-
ited by si-METTL3 (Figure 5B) (P < 0.01). These two exper-
iments validated that downregulation of METTL3 robustly
suppressed inflammatory response and apoptosis via EZH2.

Discussion

Although the medical science in recent times has devel-
oped by leaps and bounds, the molecular mechanism of

pediatric pneumonia is still unclear. Recently, some studies
have reported that METTL3 is upregulated in a variety of
inflammatory diseases. However, METTL3 is rarely studied
in the case of pediatric pneumonia as its underlying regu-
latory mechanism is shrouded in a mist, and exploring this
regulatory mechanism of METTL3 is particularly called for.

METTL3 proteins, which are highly expressed in tissues
or organs and affect cell growth and apoptosis, have been
validated to play a key role in regulating immunity and
inflammation.” Disorders in METTL3 proteins play a vital
role in the occurrence and progression of inflammation
of cells or tissues.”? Specifically, studies have also found
that METTL3 proteins attenuate LPS-induced inflammatory
response in macrophages by activating the NF-kB signaling
pathway.® Recently, the relationship has been established
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Figure 3 Downregulation of METTL3 inhibited LPS-induced apoptosis. (A) MTT and (B) flow cytometry assays detected cell
viability and apoptosis rate in WI-38 cells of control, LPS, and si-NC+LPS and si-METTL3+LPS groups, **P < 0.01. (C) Western
blot analysis results exhibited the expression level of cleaved caspase-3 and cleaved caspase-9 in control, LPS, si-NC+LPS, and
si-METTL3+LPS groups, **P < 0.01. GAPDH was normalized as an internal control. #Comparison between si-METTL3+LPS and

si-NC+LPS groups.
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Figure 4 METTL3 regulated the JAK2-STAT3 signaling pathway via EZH2. The protein expression levels of EZH2, p-JAK2, JAK2,
p-STAT3, and STAT3 in WI-38 cells of control, LPS, si-NC+LPS, si-METTL3+LPS, and si-METTL3+pcDNAEZH2+LPS groups, **P < 0.01.
GAPDH was normalized as an internal control. #Comparison between si-METTL3+LPS and si-NC+LPS groups. Comparison between

si-METTL3+pcDNAEZH2+LPS and si-METTL3+LPS groups.

between METTL3 and alternative splicing of MyD88 in
LPS-induced inflammatory response in dental pulp cells.”
Moreover, METTL3 has been found to regulate immune
responses to anti-PD-1 therapy.?’ This study discloses
that the mRNA and protein expression level of METTL3 is
upregulated in peripheral blood monocytes from pediatric
pneumonia patients and pediatric pneumonia cell model
(WI-38). Suppression of METTL3 expression attenuated the
inflammatory response and apoptosis in LPS-induced WI-38
cells. Hence, these results suggest that METTL3 functions
as a regulatory factor in pediatric pneumonia.

METTL3 proteins execute their functioning by regu-
lating the target mRNA’s expression.?? Overexpression of

METTL3 promotes the progression of colorectal cancer
by regulating miR-1246-SPRED2-MAPK signaling pathway.?
Moreover, METTL3 was reported to promote bladder can-
cer via AFF4-NF-kxB-MYC network.? In addition, METTL3
was reported to mediate osteoblast differentiation and
inflammatory response through Smad and MAPK sig-
naling pathway.”> Meanwhile, EZH2, JAK2, and STAT3
are targets of METTL3. EZH2 encodes a histone lysine
N-methyltransferase, and is involved in DNA methylation,
thus inhibiting transcription of other genes. Mutation or
overexpression of EZH2 has been associated with many
cancer types. The protein encoded by the JAKZ gene is a
non-receptor tyrosine kinase, a member of JAK family. The
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Figure 5 Downregulation of METTL3 inhibited inflammatory response and apoptosis through EZH2. (A) ELISA showed the contents
of IL-6, MCP-1, and TNF-a in WI-38 cells of si-NC+pcDNA+LPS, si-METTL3+pcDNA+LPS, and si-METTL3+pcDNA-EZH2+LPS groups,
**P < 0.01. (B) Results of western blot analysis exhibited the expression level of cleaved caspase-3 and cleaved caspase-9 in WI-38
cells of si-NC+pcDNA+LPS, si-METTL3+pcDNA+LPS, and si-METTL3+pcDNA-EZH2+LPS groups, **P < 0.01. GAPDH was normalized as
an internal control. #Comparison between si-METTL3+LPS and si-NC+LPS groups.

protein encoded by SATA3 gene is a member of the STAT
family of proteins regulating the expression of a variety
of genes in response to cellular stimulation, thus playing
a key role in many cellular processes such as cell growth
and apoptosis. Knockdown of METTL3 in WI-38 cell lines
would inhibit phosphorylation of JAK2 and SATA3 proteins
whereas overexpression of EZH2 in WI-38 cell lines reversed
the phosphorylation level of JAK2 and SATA3. Furthermore,
the cell inflammatory response and apoptosis inhibited by
knockdown of METTL3 were also reversed by the overex-
pression of EZH2, indicating that METTL3 promotes inflam-
mation and cell apoptosis by regulating EZH2 in a pediatric
pneumonia model.

In summary, it was established that METTL3 and
EZH2 were overexpressed in peripheral blood monocytes
of pediatric pneumonia patients or pediatric pneumo-
nia cell model (WI-38). Moreover, suppression of METTL3
expression inhibited LPS-induced inflammatory response.
Meanwhile, suppression of METTL3 expression also inhib-
ited LPS-induced apoptosis. Finally, the knockdown of
METTL3 in WI-38 cell lines would inhibit expression level
of EZH2 and phosphorylation level of JAK2 and SATA3 pro-
teins. Furthermore, the cell inflammatory response and
apoptosis inhibited by the knockdown of METTL3 were
reversed by the overexpression of EZH2. All these results
explained the role of METTL3-EZH2 signaling pathway in
promoting inflammation and cell apoptosis in a pediatric
pneumonia model. This offers new ideas for the clinical
therapy of pediatric pneumonia.
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