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ABSTRACT: Alveolar epithelial cell damage is an important determinant of the severity of acute lung
injury/acute respiratory distress syndrome (ALI/ARDS). However, the molecular mechanisms of alveolar
epithelial death during the development of ALI/ARDS remain unclear. In this study, we explore the role of miR-
29a-3p in ALI/ARDS and its molecular mechanism. Plasma samples were collected from healthy controls and
ARDS patients. Mice were intratracheally instilled with lipopolysaccharide (LPS) to establish acute lung injury.
N6-adenosine (m6A) quantification, RNA-binding protein immunoprecipitation, cell viability assay, quantitative
real-time polymerase chain reaction, and western blotting were performed. We found that miR-29a-3p was down-
regulated in plasma of ARDS patients and lung tissue of ALI model mice, and miR-29a-3p agomir injection down-
regulated the levels of the inflammatory factors, including tumor necrosis factor-a (TNF-a), interleukin-1p (IL-
1B), and interleukin-6 (IL-6) in the lungs, reducing alveolar epithelial cell PANoptosis as evaluated by the
downregulation of Z-DNA binding protein 1 (ZBP1), gasdermin D (GSDMD), caspase-3, caspase-8, and mixed
lineage kinase domain-like protein (MLKL), ultimately improving lung injury in the ALI model mice. Mechanism
studies demonstrated that the knockout of methyltransferase 3 (N6-adenosine-methyltransferase complex
catalytic subunit) removed the m6A modification of miR-29a-3p and reduced miR-29a-3p expression. Our
findings suggest that miR-29a-3p is a potential target that can be manipulated for ALI/ARDS.
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Approximately 1 in 10 patients in the intensive care unit
will suffer from acute lung injury/acute respiratory
distress syndrome (ALI/ARDS), which has a high
mortality rate [1]. The pathogenic factors of ALI/ARDS
include direct injury and indirect injury, both of which can
cause alveolar epithelial cell damage or death and
aggravate alveolar inflammation [2, 3]. Alveolar
epithelial cell damage is an important determinant of the

severity of ARDS [4, 5]. Therefore, it is critical to
understand the molecular mechanisms of alveolar
epithelial injury and excessive inflammation in the
process of ALI/ARDS.

MicroRNAs (miRNAs) are a type of endogenous
non-coding single-stranded RNA with a length of
approximately 22 nucleotides that inhibit gene expression
by binding to the 3'UTR sequence of the target gene. In
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recent years, the role of miRNA in the occurrence and
development of ALI/ARDS has been extensively studied
[6, 7]. MiR-29a-3p is a member of the miR-29 family that
plays an important regulatory role in immune regulation
and inflammation [8-10]. Transfection of miR-29a-3p
mimics into CD4+ T cells can significantly increase the
ratio of Treg/Th17 cells [11]. Tail vein injection of miR-
29a-3p nanoparticles can prevent and treat mouse colitis
by inhibiting the interferon-related inflammatory cascade
[12]. Wang et al. found that resveratrol up-regulated the
expression of miR-29a, thereby activating the nuclear
factor E2-related factor 2 signaling pathway, inhibiting
the production of intracellular reactive oxygen species and
the proliferation of fibroblast-like synovial cells, and
improving rat theumatoid arthritis [13]. Tian et al. found
that miR-29a-3p targeted to cyclin T2 to reduce serum
inflammation and cardiomyocyte apoptosis, and improve
myocardial ischemia-reperfusion injury [14]. However,
the role of miR-29a-3p in the occurrence and development
of ALI/ARDS is unclear.

N6-methyladenosine (m6A) modification is a
common modification that regulates the function of
miRNA [15, 16]. Alarcon et al. found that methyl-
transferase 3 (METTL3, the core methyltransferase that
mediates mO6A  modification) dependent m6A
modification is necessary for the cleavage and processing
of most pri-miRNAs into mature miRNAs [17]. Knockout
of METTL3 resulted in an approximately 70% reduction
in mature miRNA levels, while overexpression of
METTLS3 increased mature miRNA levels [17]. However,
it is unclear whether the METTL3-dependent m6A
modification regulates the function of miR-29a-3p during
the development of ARDS.

In this study, we explore the role of miR-29a-3p in
ALI/ARDS and its molecular mechanism. We found that
miR-29a-3p was down-regulated in plasma of ARDS
patients and the lung tissue of ALI model mice, and miR-
29a-3p agomir injection down-regulated the levels of
inflammatory factors in the lungs, reducing PANoptosis
alveolar epithelial cells, and ultimately improving lung
injury in the ALI model mice. PANoptosis is a
programmed cell death that assembles pyroptosis,
apoptosis, and necroptosis pathways, and this highlights
the crosstalk and coordination of these three pathways
[18]. Mechanism studies found that METTL3 enhanced
m6A modification of miR-29a-3p and increased miR-29a-
3p expression. Our findings suggest that miR-29a is a
potential target that can be manipulated for ALI/ARDS.

MATERIALS AND METHODS

Human subjects

The human sample collection was approved by the ethics
committees of the Xiangya Hospital (No. 202004119).
Written forms of consent were obtained from all subjects.
Consistent with previous studies [19], all subjects had
ARDS according to the current Berlin definition: (1) acute
onset of dyspnoea with a history of aspiration within one
week and incubation for mechanical ventilation support;
(2) partial pressure of oxygen (PaO2)/FiO2 equal to or
less than 300 mmHg over 48 h; and (3) new infiltration
shadow on chest imaging. Patients who had sepsis, lung
fibrosis, or pregnant were excluded. Fifteen ARDS
patients were included. Fifteen age- and sex-matched
healthy volunteers were enrolled as controls. The patient's
comorbidities and the cause of ARDS are shown in Table
1. Peripheral blood samples were collected in tubes
containing anticoagulant (EDTA) within 24 hours of the
diagnosis of ARDS. The samples were centrifuged at
3000 rpm for 10 min for plasma collection, then stored at
-80<C. To measure the level of miR-29a-3p, plasma
miRNA was extracted using a commercial kit (Qiagen,
217184), and reverse transcription was performed using
the All-in-One™ miRNA First-Strand cDNA Synthesis
Kit (GeneCopoeia, QP013). miR-29a-3p (GeneCopoeia,
HmiRQPO0371) and U6 (GeneCopoeia, HMIRQP9001)
expressions were examined using SYBR green
fluorescent quantitative real-time PCR (GeneCopoeia,
QP010).

ALI model and treatment

Eight-week-old male C57BL/6 mice obtained from the
Laboratory Animal Center of Central South University
(Hunan, China) were used in this study. The mice were
housed (5 mice per cage) in a temperature-controlled (24
+ 2 °C) specific-pathogen-free facility under 12-h
light/dark cycles with free access to food and water.
Animal experiments were approved by the Animal Care
and Use Committee of Central South University (No.
2020sydw0218). The mice were acclimatized to the
environment for at least 1 week before the experiments.
All the mice were randomly divided into three groups: the
normal saline group (NS), the lipopolysaccharide +
negative control group (LPS + NC), and the LPS + miR-
29a-3p agomir group (LPS + Agomir). The mice were
anesthetized using sodium pentobarbital (50 mg/kg i.p.)
and then intratracheally instilled with LPS (Sigma,
L2630, 5 mg/kg) + oligonucleotide (NC or agomir
provided by Genepharma, 10 nmol per mouse) or NS.
Twelve hours after the intratracheal injection of LPS, the
mice were euthanized using an over dose of sodium
pentobarbital (100 mg/kg i.p.) to obtain the tissues for
further analysis.
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Table 1. Clinical characters of ARDS patients.

1 26 Male No
2 38 Male No
3 68 Female No
4 54 Male Yes
5 41 Male No
6 62 Female No
7 25 Female No
8 69 Male No
9 50 Female No
10 40 Male No
11 30 Female No
12 33 Male No
13 62 Male Yes
14 42 Female No
15 68 Female No

Cell culture and transfection

Human alveolar epithelial cells (A549 Cells) were
purchased from ATCC and were maintained in
Dulbecco’s Modified Eagle Medium supplemented with
10 % fetal bovine serum, and a penicillin-streptomycin
solution in a humidified incubator with 5% CO; at 37 <C.
The siRNA of METTL3 (5-CTGCAAGTATGTTCA
CTATGA-3"), and tumor necrosis factor receptor 1
(TNFR1) (Santa Cruz, sc-29507) were transfected into
cells using Lipofectamine 2000. The miR-29a-3p agomir
were transfected into cells using GP-transfect-Mate
(Genepharma, G04008).

Hematoxylin-eosin (HE) staining

Lung tissues were fixed in 4% polyformaldehyde
(Servicebio, G1101) and then dehydrated and embedded
in paraffin. Tissue sections were cut and subjected to HE
staining.

In situ hybridization (ISH)

For the situ hybridization, tissues were fixed in 4%
polyformaldehyde (containing 1%o diethypyrocarbonate)
for less than 2 hours. The expression of miR-29a-3p was
determined using the ISH kit (Boster, MK10282)
according to the manufacturer’s instruction.

Collection and analysis of BALF

The BALF was collected using a syringe with 1 ml of ice-
cold phosphate buffer solution (PBS) intratracheally

No Yes Virus 16 177
No Yes Virus 6 245
No No Bacteria 13 90
Yes Yes Bacteria 14 91
No No Bacteria 16 180
Yes No Bacteria 12 99
No No Virus 7 240
Yes No Bacteria 11 245
No No Bacteria 16 230
No Yes Bacteria 14 150
No No Bacteria 14 96
No Yes Bacteria 4 241
No Yes Virus 3 214
Yes No Virus 13 178
No No Virus 16 150

instilled into the lung and then lavaged three times. The
bronchoalveolar lavage fluid (BALF) was centrifuged at
1500 rpm for 10 min, and the BALF supernatant was
stored at — 80 °C for further detection. The BALF protein
concentrations were determined using the bicinchoninic
acid (BCA) protein assay kit (Beyotime, P0010). Lactate
dehydrogenase (LDH) activity in the BALF was
determined using an LDH Cytotoxicity Assay Kit
(Nanjing Jiancheng Bioengineering Institute, A020-2-2).
Mouse cytokine enzyme-linked immunoassay (ELISA)
kits (Cusabio) were used to measure the levels of tumour
necrosis factor o (TNF-a), interleukin 1B (IL-1p) and
interleukin 6 (IL-6) according to the manufacturer's
instructions.

Lung wet/dry ratio

The lung tissues were weighed and recorded as the wet
weight (W) after collection. The tissues were then
dehydrated at 65 <C for 48 h and weighed again to obtain
the dry weight (D).

m6A quantification

The total RNA was extracted from the lung tissues using
Trizol reagent (Thermo, cat no. 15596026), and then the
m6A methylated RNA was quantified using the EpiQuik
m6A RNA methylation quantification kit (Epigentek, P-
9005) according to the manufacturer's instructions.

RNA-binding protein immunoprecipitation (RIP)

Aging and Disease * Volume 13, Number 3, June 2022

901



Cui Y., etal.

MiR-29a-3p in PANoptosis

A Magna RIP™ RNA-Binding Protein Immuno-
precipitation Kit (Millipore, cat no. 17-700) was used for
RNA  immunoprecipitation  according to  the
manufacturer's instructions. Briefly, a single cell
suspension of lung tissue was prepared in ice-cold PBS,
and lysed with RIP lysis buffer on ice for 15 min. After
centrifugation, the supernatant was incubated with protein
A/G magnetic beads and m6A antibody (Abcam,
ab151230) at 4<C overnight. The immunoprecipitated
RNA was then analyzed using RT-qPCR.

Western blotting

The total protein was extracted using a total protein
extraction buffer premixed with protease inhibitor
(Thermo) and quantified using a BCA protein assay kit.
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Equal amounts of protein (25 ug) were separated by 10%
or 12% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and transferred onto a polyvinylidene
fluoride membrane. The membrane was blocked with 5%
fresh nonfat milk in tris buffered saline (containing 0.5%o
tween-20, TBST) at room temperature for 1h and then
incubated with antibodies against METTL3 (Affinity,
DF12020, 1:1000), TNFR1 (Proteintech, 21574-1-AP,
1:1000), Caspase-3 (Proteintech, 19677-1-AP, 1:1000),
Caspase-8 (Proteintech, 13423-1-AP, 1:1000), GSDMD
(Abclonal, A18121, 1:1000), MLKL (Proteintech, 66675-
1-1g, 1:2000), ZBP1 (Adipogen, AG-20B-0010, 1:1000)
overnight at 4 <C. After three washes with TBST, the
membranes were incubated with secondary antibody (Li-
cor) for 1 h at room temperature. The membranes were
then visualized using the LI-COR Odyssey Scanning
Imager.
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Figure 1. MiR-29a-3p is down-regulated in the plasma of ARDS patients and lung tissue
of ALI model mice. (A) RT-qPCR analysis for miR-29a-3p expression in the plasma of
healthy controls (N=15) and ARDS patients (N=15). HC, healthy control. ARDS, acute
respiratory distress syndrome. (B) RT-qPCR analysis for miR-29a-3p expression in the plasma
of ALI mouse model. (C) RT-qPCR analysis for miR-29a-3p expression in the lung tissue of
ALI mouse model. (D) In situ hybridization analysis for miR-29a-3p expression in the lung
tissue of ALI mouse model. scale bar = 50 pm. NS, normal saline. LPS, Lipopolysaccharide.

w55 p <0.001.

Aging and Disease * Volume 13, Number 3, June 2022

902



Cui Y., etal.

MiR-29a-3p in PANoptosis

RT-gPCR

The total RNA was extracted using Trizol reagent, and
reverse-transcribed into cDNA using the All-in-One™
miRNA First-Strand cDNA Synthesis Kit (GeneCopoeia,
QP013) or HiScript I Q RT SuperMix for gqPCR
(Vazyme, R223). cDNA amplification was performed
using the All-in-One™ miRNA gPCR Kit (GeneCopoeia,
QP010) or the ChamQ Universal SYBR gPCR Master
Mix (Vazyme, Q711) according to the manufacturer’s
instructions on a QuantStudio 3 real-time PCR system.
The primers used for the RT-gPCR are listed in Table 2.
The comparative Ct method (2724¢") was used to analyze
the data.

Cell viability assay

Cell viability was investigated using the CCK-8 kit
(Beyotime, CO0041). Approximately 3000 cells were
inoculated into a 96-well plate and incubated overnight.
After the indicated treatments, the cells were incubated
with the CCK-8 solution, and the absorbance value of
each well was measured at 450 nm using a microplate
reader.

Statistical analysis

The statistical analyses were conducted using Graph Pad
Prism 8 software. The data are presented as the mean =+
SD. A two-tailed Student’s t-test was used to assess the
differences between the two groups, and one-way
ANOVA coupled with the Sidak’s post-hoc test was used
to assess differences among the three groups. P < 0.05 was
statistically significant.
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Figure 2. METTL3-mediated m6A modification stabilizes the expression of miR-29a-3p. (A) The
level of total m6A in the lung tissue of ALI mouse model. (B) m6A RIP detects the m6A level of pri-
miR-29a in the lung tissue of ALI mouse model. (C) RT-qPCR detection of METL3 expression in the
lung tissue of ALI mouse model. (D) Western blot analysis for the expression of METTL3 in the lung
tissue of ALI mouse model. (E) Western blot analysis for the expression of METTL3 in A549 cells after
siRNA transfection. (F) RT-qPCR analysis for the level of miR-29a-3p in A549 cells after METTL3

siRNA transfection. *** p <0.001.
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Figure 3. miR-29a-3p improves lung injury in ALI mice. (A) HE staining of lung tissue. scale bar = 50
um. (B) Lung tissue wet/dry ratio. (C) Total protein concentration in the BALF. (D) LDH activity in the
BALF. ** p <0.01, *** p <0.001 vs NS; # p <0.05, ## p <0.01 vs LPS+NC.

RESULTS

MiR-29a-3p was down-regulated in the plasma of ARDS
patients and lung tissue of ALI model mice

We detected the expression of miR-29a-3p in the plasma
of 15 patients with ARDS by RT-qPCR. The expression
level of miR-29a-3p in the ARDS patients was
significantly lower than that of the healthy controls (Fig.
1A). In addition, we found that miR-29a-3p expression
was negatively correlated with the TNF-a plasma levels
and the number of leukocytes in ARDS patients
(Supplementary Fig. 1A, B). We further constructed an
ALI mouse model and detected the expression of miR-
29a-3p in mouse plasma and lung tissue using RT-gPCR
and in situ hybridization. Compared with the NS group,
the expression of miR-29a-3p in the plasma (Fig. 1B) and
lung tissue of the ALI mice was significantly down-
regulated (Fig. 1C-D), and the expression of miR-29a-3p

in the plasma of ALI mice were negatively correlated with
the TNF-a plasma levels (Supplementary Fig. 1C).

METTL3-mediated m6A modification stabilizes the
expression of miR-29a-3p

Studies have shown that m6A modification plays an
important role in miRNA maturation. We wanted to know
whether the expression of miR-29a-3p was regulated by
m6A modification. Compared with the normal control
group, the total m6A level in the lung tissue of the ALI
mice was significantly reduced (Fig. 2A). By using the
m6A RIP analysis, it was found that pri-miR-29a was
modified by m6A (Fig. 2B). In addition, the expression of
m6A methyltransferase METTL3 in the lung tissue of the
ALI mice was significantly down-regulated compared
with the NS group (Fig. 2C-D). Knockdown of METTL3
in the A549 cells significantly reduced the expression of
miR-29a-3p (Fig. 2E-F), suggesting that METTL3
enhances the expression of miR-29a-3p by mediating
m6A modification in pri-miR-29a-3p.
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Figure 4. miR-29a-3p agomir reduces lung inflammation in ALI mice. (A-C) ELISA assays were
performed to measure the levels of TNF-a, IL-1p, and IL-6 in the BALF after LPS or combined miR-
29a-3p agomir treatment. (D-E) RT-qPCR analysis for the mRNA levels of TNF-a, IL-1p, and IL-6
in the lung tissues after LPS or combined miR-29a-3p agomir treatment. *** p <0.001 vs NS; ## p <

0.01, ### p <0.001 vs LPS+NC.
miR-29a-3p improves lung injury in ALI mice

To further explore the role of miR-29a-3p in mouse ALI,
we injected miR-29a-3p agomir into the ALI mice to
observe the lung injury. HE staining showed that the lung
tissue of the LPS+NC group had obvious morphological
damage, including inflammatory cell infiltration, and
thickening of the alveolar septum, and this damage was
significantly reduced in the miR-29a-3p agomir group
(Fig. 3A). The LPS-induced lung wet/dry ratio was
partially reversed by the miR-29a-3p agomir treatment
(Fig. 3B). The LPS increased the total protein and the
LDH content in the BALF, whereas the miR-29a-3p
agomir treatment could reduce their levels (Fig. 3C-D),
suggesting that increasing miR-29a-3p expression can
significantly improve lung injury in ALI mice.

miR-29a-3p agomir reduces lung inflammation in ALI
mice

ALI/ARDS is characterized by excessive inflammation.
We detected the levels of inflammatory factors, TNF-a,
IL-1B, and IL-6, in the BALF using ELISA Kits. The
results showed that the levels of TNF-a, IL-1B and IL-6 in
the LPS+NC group were significantly up-regulated. The
miR-29a-3p agomir treatment can reduce the protein
levels of inflammatory factors in the BALF (Fig. 4A-C)
and downregulated their mRNA levels in the lung tissues
of ALI mice (Fig. 4D-F). This result suggested that miR-
29a-3p improved lung injury by inhibiting inflammation
in ALI mice.

miR-29a-3p targets TNFR1 to inhibit PANoptosis in
alveolar epithelial cells

TNFR1 is the target gene of miR-29a-3p [20], and it is
closely related to inflammation, apoptosis, and necrosis
[21, 22]. PANoptosis is a form of inflammatory cell death
that is highly associated with the activation of the death
complex PANoptosome [23]. Therefore, the relationship
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between miR-29a-3p and TNFR1 may be closely related
to PANoptosis. We found that LPS treatment significantly
increased TNFR1 mRNA and protein levels, while miR-
29a-3p agomir treatment reduced TNFR1 expression (Fig.
5A-B). In addition, miR-29a-3p agomir treatment reduced
A549 cell death caused by LPS stimulation (Fig. 5C).
Furthermore, we detected the expression of PANoptosis
markers, ZBP1 (the key “switch” of PANoptosis),
GSDMD (one of the pyroptosis executive proteins), and
caspase-3/caspase-8 (one of the apoptosis executive
proteins), and MLKL (cell necrosis executive protein)

expression. The results showed that LPS stimulation
increased the expression of ZBP1, GSDMD, caspase-3,
caspase-8, and MLKL in A549 cells, while miR-29a-3p
agomir treatment down-regulated the expression of these
proteins (Fig. 5D-E). In addition, TNFR1 siRNA
transfection reduced the expression of TNFR1 (Fig. 6A),
reversed the cell death caused by LPS (Fig. 6B), and
reduced the expression levels of ZBP1, GSDMD,
caspase-3, and MLKL (Fig. 6C-D). These data indicated
that miR-29a-3p targets TNFRL1 to inhibit PANoptosis in
alveolar epithelial cells.
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Figure 5. miR-29a-3p targets TNFR1 to inhibit PANoptosis in alveolar epithelial cells. (A) RT-qPCR
analysis for the expression of TNFR1 in A549 cells after LPS or combined miR-29a-3p agomir treatment.
(B) Western blot analysis for the expression of TNFR1 in A549 cells after LPS or combined miR-29a-3p
agomir treatment. (C) CCK8 assay was performed to measure the cell viability of A549 cells after LPS or
combined miR-29a-3p agomir treatment. (D-E) Western blot analysis for the expression of PANoptosis
markers in A549 cells after LPS or combined miR-29a-3p agomir treatment (D), and quantification (E). * p
<0.05, *** p <0.001 vs NS; ## p <0.01, ### p <0.001 vs LPS+NC.

DISCUSSION

In this study, we demonstrated for the first time that miR-
29a-3p plays an important role in the development of
ALI/ARDS, which is a type of clinical syndrome caused

by inflammatory response disorders. Our results showed
that miR-29a-3p agomir treatment reduced the level of
inflammatory factors in lung tissue and improved lung
injury in ALI mice.
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Figure 6. TNFR1 knockdown inhibits PANoptosis in alveolar epithelial cells. (A) Western
blot analysis for the expression of TNFR1 in A549 cells after siRNA transfection. (B) CCKS8
assay was performed to measure the cell viability of A549 cells after LPS or combined with
TNFR1 siRNA treatment. (C-D) Western blot analysis for the expression of PANoptosis
markers in A549 cells after LPS or combined-TNFR1 siRNA treatment (D), and quantification
(E). * p <0.05, *** p <0.001 vs NS; ## p <0.01, ### p <0.001 vs LPS+NC.

We found that METTL3-mediated m6A modification
increased the expression of miR-29a-3p. m6A is the
methylation that occurs on the sixth nitrogen atom (N) of
the base adenylate (A), which is the most common post-
transcriptional modification of RNA in eukaryotes, and it
plays an important regulatory role in RNA metabolism,
including translation, splicing, export, and degradation
[24]. m6A modification is a dynamic and reversible
process consisting of a series of enzymatic reactions:
methyltransferase complexes catalyze m6A modification;
demethylases remove m6A modification; and methylation
readers recognize and bind m6A modification, and
mediate the corresponding RNA metabolism process [24].
Studies have shown the role of m6A in inflammation
regulation. One previous study demonstrated that m6A-
XPO1-NF«B activation leads to intestinal inflammation,
and this was discovered to be a new pathological
mechanism of coeliac disease [25]. It has also been shown
that m6A modification of PPAR-a activates NLRP3

inflammasomes and NF-kB-driven kidney inflammation
[26]. Moreover, the crosstalk between m6A and H3K27
trimethylation during bacterial infection regulates the
expression of inflammatory factors[27]. We found that the
level of m6A in the lung tissue of ALI mice was
significantly reduced, suggesting that it may play a role in
the process of ALI/ARDS disease. Thus, the role of m6A
modification in ARDS warrants further study.
PANoptosis is a form of cell death that is highly
connected to pyrolysis, apoptosis, and necrosis. A
previous study demonstrated that miR-29a-3p targeted to
TNFRI1 [20]. Our study also confirmed that miR-29a-3p
inhibited the expression of TNFR1. TNFR1 is a cell death
receptor, that can activate caspase-3 and caspase-8 after
binding to the ligand TNF and promote cell death[28].
Caspase-8 can regulate the inflammatory pathway
downstream of ZBP1 and the cellular necroptosis
pathway mediated by MLKL [29]. Caspase-8 can also
induce the lysis of GSDMD and GSDME to promote
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pyrolysis [30-32]. Alveolar epithelial cell injury or death
is a key feature of ALI/ARDS disease progression. Our
study found that LPS stimulation up-regulated the
expression of PANoptosis-related molecules in alveolar
epithelial cells, and miR-29a-3p agomir or TNFR1 siRNA
treatment down-regulated the expression of these
molecules and increased cell survival. Clinical trials
found that GSK 1995057, a specific antagonist of TNFR1,
could significantly reduce the pulmonary inflammation of
experimental ALI[33]. Therefore, we speculate that miR-
29a-3p may inhibit alveolar epithelial cell PANoptosis by
targeting TNFR1.

Conclusion
m6A modification mediated by METTL3 can stabilize the
expression of miR-29a-3p. mIiR-29a-3p inhibited

PANoptosis and inflammation in alveolar epithelial cells
by targeting TNFR1. Our research indicates that miR-29a-
3p may be a potential target that can be manipulated for
ALI/ARDS treatment.

Acknowledgement

This study was supported by the National Key R&D
Program of China (N0.2016YFC1304204), the Project
Program of National Clinical Research Center for
Geriatric Disorders (Xiangya Hospital, Grant No.2020
LNJJO5), the National Natural Science Foundation of
China (No. 81770080), the China Postdoctoral Science
Foundation (No. 2020M670104ZX), the Project of
Special Program on COVID-19 of Changsha Technology
Hall (No. kq2001049), the scientific research project of
Hunan Health Commission (No. 202103020612), and the
Scientific Research Foundation of Hunan Provincial
Education Department (No. 19B069).

Conflicts of interest
The authors have no conflicts of interest to declare.
Supplementary Materials

The Supplementary data can be found online at:
www.aginganddisease.org/EN/10.14336/AD.2021.1023.

References

[1] Harris AJ, Mirchandani AS, Lynch RW, Murphy F,
Delaney L, Small D, et al. (2019). IL4Ralpha
Signaling Abrogates Hypoxic Neutrophil Survival and
Limits Acute Lung Injury Responses In Vivo. Am J
Respir Crit Care Med, 200:235-246.

2] Vohwinkel CU, Coit EJ, Burns N, Elajaili H,
Hernandez-Saavedra D, Yuan X, et al. (2021).
Targeting alveolar-specific succinate dehydrogenase A
attenuates pulmonary inflammation during acute lung

(3]

(4]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

injury. FASEB J, 35:621468.

Tay MZ, Poh CM, Renia L, MacAry PA, Ng LFP
(2020). The trinity of COVID-19: immunity,
inflammation and intervention. Nat Rev Immunol,
20:363-374.

Matthay MA, Zemans RL, Zimmerman GA, Arabi
YM, Beitler JR, Mercat A, et al. (2019). Acute
respiratory distress syndrome. Nat Rev Dis Primers,
5:18.

Hamacher J, Hadizamani Y, Borgmann M, Mohaupt M,
Mannel DN, Moechrlen U, et al. (2017). Cytokine-lon
Channel Interactions in Pulmonary Inflammation.
Front Immunol, 8:1644.

He R, LiY, Zhou L, Su X, Li Y, Pan P, et al. (2019).
miR-146b overexpression ameliorates
lipopolysaccharide-induced acute lung injury in vivo
and in vitro. J Cell Biochem, 120:2929-2939.

Lee LK, Medzikovic L, Eghbali M, Eltzschig HK,
Yuan X (2020). The Role of MicroRNAs in Acute
Respiratory Distress Syndrome and Sepsis, From
Targets to Therapies: A Narrative Review. Anesth
Analg, 131:1471-1484.

Alizadeh M, Safarzadeh A, Beyranvand F, Ahmadpour
F, Hajiasgharzadeh K, Baghbanzadeh A, et al. (2019).
The potential role of miR-29 in health and cancer
diagnosis, prognosis, and therapy. J Cell Physiol,
234:19280-19297.

Horita M, Farquharson C, Stephen LA (2021). The
role of miR-29 family in disease. J Cell Biochem,
122:696-715.

Liston A, Papadopoulou AS, Danso-Abeam D, Dooley
J (2012). MicroRNA-29 in the adaptive immune
system: setting the threshold. Cell Mol Life Sci,
69:3533-3541.

Zhou J, Li X, Wu X, Zhang T, Zhu Q, Wang X, et al.
(2018). Exosomes Released from Tumor-Associated
Macrophages Transfer miRNAs That Induce a
Treg/Th17 Cell Imbalance in Epithelial Ovarian
Cancer. Cancer Immunol Res, 6:1578-1592.

Fukata T, Mizushima T, Nishimura J, Okuzaki D, Wu
X, Hirose H, et al. (2018). The Supercarbonate
Apatite-MicroRNA Complex Inhibits Dextran Sodium
Sulfate-Induced Colitis. Mol Ther Nucleic Acids,
12:658-671.

Wang G, Xie X, Yuan L, Qiu J, Duan W, Xu B, et al.
(2020). Resveratrol ameliorates rheumatoid arthritis
via activation of SIRTI-Nrf2 signaling pathway.
Biofactors, 46:441-453.

Tian R, Guan X, Qian H, Wang L, Shen Z, Fang L, et
al. (2021). Restoration of NRF2 attenuates myocardial
ischemia reperfusion injury through mediating
microRNA-29a-3p/CCNT2 axis. Biofactors.

Eshraghi AA, Oker N, Ocak E, Verillaud B, Babcock
T, Camous D, et al. (2019). Management of Facial
Nerve Schwannoma: A Multicenter Study of 50 Cases.
J Neurol Surg B Skull Base, 80:352-356.

Aging and Disease * Volume 13, Number 3, June 2022

908


http://www.aginganddisease.org/EN/10.14336/AD.2021.1023

Cui Y., etal.

MiR-29a-3p in PANoptosis

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

Erson-Bensan AE, Begik O (2017). m6A Modification
and Implications for microRNAs. Microrna, 6:97-101.

Alarcon CR, Lee H, Goodarzi H, Halberg N, Tavazoie
SF (2015). N6-methyladenosine marks primary
microRNAs for processing. Nature, 519:482-485.

Samir P, Malireddi RKS, Kanneganti TD (2020). The
PANoptosome: A Deadly Protein Complex Driving
Pyroptosis, Apoptosis, and Necroptosis (PANoptosis).
Front Cell Infect Microbiol, 10:238.

LiH, LiY, Song C, Hu'Y, Dai M, Liu B, et al. (2021).
Neutrophil Extracellular Traps Augmented Alveolar
Macrophage Pyroptosis via AIM2 Inflammasome
Activation in LPS-Induced ALI/ARDS. J Inflamm Res,
14:4839-4858.

Deng X, Chu X, Wang P, Ma X, Wei C, Sun C, et al.
(2019). MicroRNA-29a-3p Reduces TNFalpha-
Induced Endothelial Dysfunction by Targeting Tumor
Necrosis Factor Receptor 1. Mol Ther Nucleic Acids,
18:903-915.

Petrie EJ, Hildebrand JM, Murphy JM (2017). Insane
in the membrane: a structural perspective of MLKL
function in necroptosis. Immunol Cell Biol, 95:152-
159.

Newton K, Wickliffe KE, Maltzman A, Dugger DL,
Reja R, Zhang Y, et al. (2019). Activity of caspase-8
determines plasticity between cell death pathways.
Nature, 575:679-682.

Malireddi RKS, Kesavardhana S, Kanneganti TD
(2019). ZBP1 and TAKI: Master Regulators of
NLRP3 Inflammasome/Pyroptosis, Apoptosis, and
Necroptosis  (PAN-optosis). Front Cell Infect
Microbiol, 9:406.

BiZ,LiuY, Zhao Y, Yao Y, WuR, Liu Q, et al. (2019).
A dynamic reversible RNA N(6) -methyladenosine
modification: current status and perspectives. J Cell
Physiol, 234:7948-7956.

Olazagoitia-Garmendia A, Zhang L, Mera P, Godbout
JK, Sebastian-DelaCruz M, Garcia-Santisteban I, et al.
(2021). Gluten-induced RNA methylation changes
regulate intestinal inflammation via allele-specific

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

XPOl1 translation in epithelial cells. Gut.

Yu JT, Hu XW, Chen HY, Yang Q, Li HD, Dong YH,
et al. (2021). DNA methylation of FTO promotes renal
inflammation by enhancing m(6)A of PPAR-alpha in
alcohol-induced kidney injury. Pharmacol Res,
163:105286.

Wu C, Chen W, He J, Jin S, Liu Y, YiY, et al. (2020).
Interplay of m(6)A and H3K27 trimethylation
restrains inflammation during bacterial infection. Sci
Adv, 6:eaba0647.

de Oliveira Pinto LM, Garcia S, Lecoeur H, Rapp C,
Gougeon ML (2002). Increased sensitivity of T
lymphocytes to tumor necrosis factor receptor 1
(TNFR1)- and TNFR2-mediated apoptosis in HIV
infection: relation to expression of Bcl-2 and active
caspase-8 and caspase-3. Blood, 99:1666-1675.

Schwarzer R, Jiao H, Wachsmuth L, Tresch A,
Pasparakis M (2020). FADD and Caspase-8 Regulate
Gut Homeostasis and Inflammation by Controlling
MLKL- and GSDMD-Mediated Death of Intestinal
Epithelial Cells. Immunity, 52:978-993 €976.

Sarhan J, Liu BC, Muendlein HI, Li P, Nilson R, Tang
AY, et al. (2018). Caspase-8 induces cleavage of
gasdermin D to elicit pyroptosis during Yersinia
infection. Proc Natl Acad Sci U S A, 115:E10888-
E10897.

Gram AM, Booty LM, Bryant CE (2019). Chopping
GSDMD: caspase-8 has joined the team of pyroptosis-
mediating caspases. EMBO J, 38.

Orning P, Weng D, Starheim K, Ratner D, Best Z, Lee
B, et al. (2018). Pathogen blockade of TAK1 triggers
caspase-8-dependent cleavage of gasdermin D and cell
death. Science, 362:1064-1069.

Proudfoot A, Bayliffe A, O'Kane CM, Wright T,
Serone A, Bareille PJ, et al. (2018). Novel anti-tumour
necrosis factor receptor-1 (TNFR1) domain antibody
prevents pulmonary inflammation in experimental
acute lung injury. Thorax, 73:723-730.

Aging and Disease * Volume 13, Number 3, June 2022

909



