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Background: Pyroptosis is inflammation-associated programmed cell death triggered by activation of the NOD-like receptor protein
3 (NLRP3) inflammasome, which plays a crucial role in acute soft tissue injury (ASTI). This study aimed to explore whether
methyltransferase-like 3 (METTL3) can regulate NLRP3 expression through N6-methyladenosine (m6A) modification to mediate
endothelial cell pyroptosis and thus affect soft tissue injury.

Methods: An experimental ASTI rat model was created by inducing muscle injury through striking the rat muscle. In vitro, an ASTI
cell model was established using human umbilical vein endothelial cells (HUVECs) stimulated with lipopolysaccharide (LPS) and
ATP. The severity of ASTI in rats was evaluated using H&E staining. To assess protein levels, Western blot and
Immunohistochemistry (IHC) analyses were performed, focusing on METTL3, pyroptosis-associated proteins, and m6A reader
proteins. Immunofluorescence (IF) assay was conducted to examine the expression of NLRP3 and CD31. The levels of inflammatory
cytokines were measured using an ELISA assay, while flow cytometry was used to detect levels of ROS and cellular pyroptosis. The
mo6A levels in cells were analyzed by RNA m6A colorimetry. The interactions between METTL3 and NLRP3, and YTHDF1 and
NLRP3 were analyzed using RIP and RNA pull-down assays, respectively.

Results: METTL3 and YTHDF1 were significantly upregulated in ASTI rats and LPS-ATP-induced HUVECs. Knockdown of
METTL3 ameliorated ASTI and inhibited cellular pyroptosis. Knockdown of METTL3 reduced the levels of total m6A and
NLRP3 m6A in HUVECs and suppressed NLRP3 expression. Meanwhile, knockdown of YTHDF1 decreased NLRP3 protein
expression without affecting NLRP3 mRNA levels. In addition, overexpression of NLRP3 was able to reverse the effect of
METTL3 on LPS-ATP-induced endothelial cell pyroptosis.

Conclusion: The METTL3/m6A reader protein YTHDF1 regulates endothelial cell pyroptosis by enhancing NLRP3 expression to
affect soft tissue injury.
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Introduction

Acute soft tissue injury (ASTI), a prevalent sports injury with substantial implications for individuals’ well-being and
productivity, has attracted growing attention in the clinical field.! Injuries can manifest themselves in a variety of ways,
including localized edema, muscle fiber rupture, pain, bruising, ecchymosis, and dysfunction.” Following soft tissue
injury, the body repairs the damage through an inflammatory response.® This process involves the aggregation of immune
cells and functional changes in endothelial cells. Research indicates that the dysfunction of endothelial cells plays a role
in the occurrence and advancement of certain soft tissue injuries such as muscle atrophy.* Therefore, exploring ways to
reduce inflammation-induced endothelial cell damage is important for the treatment of ASTL
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Cell pyroptosis is a type of programmed cell death characterized by intense inflammation. It differs from apoptosis
and necrosis and is triggered by the activation of a protein called NOD-like receptor protein 3 (NLRP3) inflammasome.®
This activation leads to the conversion of cytokine precursors, pro-IL-1B and pro-IL-18, into active cytokines by pro-
Caspase-1 (after cleavage by the NLRP3 inflammasome).”® Additionally, Caspase-1 can produce the N-terminal
fragment of GSDMD (GSDMD-N), which then forms pores on the cell membrane and induces pyroptosis.”'”
Immediately after the formation of GSDMD pores, cells die and large quantities of IL-13 and IL-18 are released from
the GSDMD pores, resulting in a cascade of inflammatory responses.'' Although recent studies have reported that
inhibition of endothelial cell pyroptosis promotes wound healing,'? the link between NLRP3 inflammatory vesicles and
ASTI is unclear.

Methyltransferase-like 3 (METTL3) is a protein that acts as an RNA methyltransferase and plays a role in various
processes related to mRNA, including biogenesis, decay, and translational control. It achieves these functions through
a specific modification known as N6-methyladenosine (m6A) on RNA molecules.'” The m6A modification is a common
and important RNA modification found in eukaryotes. It plays a crucial role in regulating essential biological processes,
including gene expression control and the maintenance of mRNA stability and balance.'* Extensive research has shown
that m6A modification exerts a substantial influence on wound healing by modulating the expression of genes involved in
crucial cellular processes.'> For example, ADSCs promote diabetic foot ulcer wound healing by enhancing VEGF3-
mediated lymphangiogenesis through METTL3-mediated modification of VEGF-C m6A.'¢ The presence of METTL3
promotes m6A modification on the mRNA of NLRP3, leading to increased stability of the NLRP3 mRNA. This, in turn,
enhances the interaction between ZBP1 and NLRP3 proteins, ultimately facilitating trophoblast cell pyroptosis.'’
However, whether METTL3 affects endothelial cell pyroptosis in ASTI by mediating NLRP3 m6A modification has
not been investigated.

In this study, our main objective was to examine the role of METTL3 in regulating NLRP3 expression through m6A
modification, which in turn influences endothelial cell pyroptosis and ultimately affects ASTI. By uncovering these
mechanisms, our findings have the potential to aid in the identification of therapeutic targets for the treatment of ASTI.

Methods and Materials

Animals and Treatments

Male SD rats (6-8 weeks old, Hunan Slake Jinda Laboratory Animal Center, Changsha, China) were acclimatized and
fed for 1 week. Before modeling, rats were anesthetized with 2% sodium pentobarbital, and then the hair on the right
hind leg was removed. According to a previous report, an ASTI model was established, in which a 200 g weight was
dropped from a height of 50 cm and impacted the middle calf muscle of rats 10 times in a row (the impact area was about
2 cm?).'® Swelling and subcutaneous ecchymosis visible at the impact site indicated successful modeling. Only plucked
anesthetized rats were used as the Sham group. Rats in the LV-NC or LV-sh-METTL3 group were injected with a single
dose of 1x10® TU LV-NC or LV-sh-METTL3 (HG-HR001024794, Honorgene, Changsha, China), respectively, via the
tail vein one week before modeling (n=6)."® After 7 days of modeling, the rats were euthanized. Muscle tissues from the
injured area were then collected for further analysis.

H&E Staining

Rat muscle tissues were collected and fixed using 4% paraformaldehyde. The collected tissues were fixed and subse-
quently embedded in paraffin. Following this, tissue sections were prepared and stained using a combination of
hematoxylin (AWI0001a, Abiowell, Changsha, China) and eosin (AWI0029a, Abiowell) stains. The stained sections
were covered with a layer of neutral gum and subsequently examined using a light microscope (BA210T, Motic, Xiamen,
China) for further observation.

Cells Culture and Treatments
Human umbilical vein endothelial cells (HUVECs, BH-C277, Bohui Biotechnology Co., Ltd, Guangzhou, China) were
cultured in endothelial cell medium (ECM) and then cultured at 37°C with 5% CO,. An in vitro injury model was
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prepared using the lipopolysaccharide (LPS)-ATP method.'? In the experimental setup, HUVECs were initially cultured
in a serum-free medium. To induce inflammation, the cells were treated with LPS (1 pg/mL, S1732, Beyotime, Shanghai,
China) for 6 h. After that, the cells were further stimulated with ATP (5§ mm, D7378, Beyotime) for 30 min. The Control
group consisted of cells cultured without any exposure or treatment. The Model group comprised cells induced by LPS-
ATP stimulation. LPS-ATP-induced cells were transfected with sh-NC, sh-METTL3, and sh-YTHDF1 to form the sh-
NC, sh-METTL3, and sh-YTHDF1 groups, respectively. The sh-METTL3+o0e-NC group consisted of cells induced by
LPS-ATP and transfected with both sh-METTL3 and oe-NC. Finally, the sh-METTL3+0e-NLRP3 group comprised cells
induced by LPS-ATP and transfected with sh-METTL3 and oe-NLRP3 (overexpressed-NLRP3). The sh-NC, sh-
METTL3 (HG-HS019852), sh-YTHDF1 (HG-HS001031732), oe-NC, and oe-NLRP3 (HG-HO001243133) were
designed and purchased from Honorgene.

Western Blot

Rat muscle tissues or HUVECs were lysed using RIPA buffer (AWB0136, Abiowell). The protein content was analyzed
using the BCA Protein Quantification Kit (23227, Thermo fisher). Protein was then separated on a 10% SDS-PAGE gel
using gel electrophoresis and subsequently transferred onto nitrocellulose membranes. To block the membranes, 5% skim
milk powder in 1xPBST was prepared and the membranes were immersed in this solution. The membranes were then
incubated with the primary antibody overnight at 4°C. Primary antibodies included METTL3 (1:1000, ab195352, Abcam,
Cambridge, UK), NLRP3 (AWA46822, 1:1000, Abiowell), Cleaved-Caspase-1 (AWA44820, 1:1000, Abiowell), IL-1f
(AWA46641, 1:1000, Abiowell), IL-18 (AWA49529, 1:1000, Abiowell), GSDMD-N (1:1000, ab215203, Abcam),
GSDMD (1:5000, 20770-1-AP, Proteintech, Chicago, USA), YTHDF1 (AWAS53935, 1:1000, Abiowell), YTHDF2
(AWAS57692, 1:1000, Abiowell), YTHDF3 (AWAS50880, 1:1000, Abiowell), IGF2BP1 (Ab290736, 1:1000, Abcam),
IGF2BP2 (AWA57873, 1:1000, Abiowell), IGF2BP3 (AWA00010, 1:1000, Abiowell), GAPDH (1:5000, AWAS80007,
Abiowell), and B-actin (1:5000, AWA80002, Abiowell). Then incubation with goat anti-rabbit IgG (SA00001-2, 1:6000,
Proteintech) or goat anti-mouse IgG (SA00001-1, 1:5000, Proteintech) secondary antibody. The protein bands were
measured by incubating with ECL chemiluminescent solution (AWBO0005, Abiowell) for 1 min, then imaged in the
imaging system.

Immunohistochemistry (IHC)

The rat muscle tissue slices were subjected to dewaxing using xylene and then rehydrated through a series of ethanol
concentrations. Following this, tissue slices were placed in a 0.01 M citrate buffer (pH 6.0) and heated to a boiling point.
The heating was then maintained for an additional 20 min before cooling down and rinsing with PBS. Subsequently, the
slices were treated with 1% periodate for 10 min. The slices were incubated with appropriate primary antibodies:
METTL3 (AWAS50965, 1:200, Abiowell), NLRP3 (AWA46822, 1:200, Abiowell), and GSDMD-N (AWA55860, 1:200,
Abiowell) overnight at 4 °C, followed by incubation with goat anti-rabbit IgG H&L (31460, Invitrogen, Carlsbad, USA)
at 37°C for 30 min. DAB (ZLI-9018, Beijing Zhongsui Jinqgiao Biotechnology Co., Beijing, China) and hematoxylin
(AWI0001a, Abiowell) were used for color development and nuclear staining, respectively.

Immunofluorescence (IF)

The rat muscle tissue slices were subjected to dewaxing using xylene and then rehydrated through a series of ethanol
concentrations. Following this, the tissue slices were immersed in a 0.01 M citrate buffer with a pH of 6.0, heated to
boiling, then the heating was stopped and the sections were boiled continuously for 20 min, cooled, and washed with
PBS. The slices were placed in sodium borohydride solution, and treated using 0.3% H,O, for 15 min. Next, they were
blocked using 5% BSA for 60 min. Afterwards, the slices were incubated overnight at 4°C with primary antibodies
specific for CD31 (AWA58016, 1:100, Abiowell) and NLRP3 (AWA46822, 1:100, Abiowell). Following this, the
slices were incubated with goat anti-rabbit secondary antibody (31460, Invitrogen) at 37°C for 30 min. Additionally,
the slices were incubated with TYP-570 fluorescent dye for 5 min at 37°C. To visualize the nuclei, DAPI staining was
employed.
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Elisa

Collected blood samples and cells were centrifuged at 1000 g for 15 min to obtain serum and cell supernatant. We
measured the levels of inflammatory factors IL-1p and IL-18 by using ELISA in accordance with the protocols from
specialized commercial kits: human (CSB-E08053h) and rat (CSB-E08055r) IL-1p ELISA Kits, human (CSB-E07450h)
and rat (CSB-E04610r) IL-18 ELISA Kits. These kits were purchased from Cusabio, Wuhan, China.

Detection of ROS
ROS production in rat muscle tissues or HUVECs was measured by using ROS Assay Kit (S0033S, Beyotime), the

procedures followed the manufacturer’s protocols. The ROS levels were analyzed using a flow cytometer (a00-1-1102,
Beckman, Pasadena, USA).

Detection of Cell Pyroptosis

To obtain a cell suspension, the HUVECs were treated with 0.25% trypsin. We measured cell pyroptosis by using FAM-
FLICA® Caspase-1 YVAD Assay Kit (ICT-97, ImmunoChemistry, Davis, USA). The treated cells were added with
FAM-YVAD-FMK and then stained with PI for 60 min. The levels of pyroptosis in the cells were analyzed using a flow
cytometer (a00-1-1102, Beckman).

RNA mé6A Colorimetric Assay
We evaluated the levels of m6A RNA methylation in HUVECs by using the m6A RNA Methylation Quantification Kit
(Colorimetric) (Ab185912, Abcam). The procedures followed the manufacturer’s protocols.

RIP Assay

For RIP analysis, we used the Imprint® RIP Kit (RIP, Sigma-Aldrich, St. Louis, USA) as per the manufacturer’s
instructions. Initially, magnetic beads coated with 5 pg of specific antibodies targeting m6A (68055-1-Ig, Proteintech)
were incubated with the prepared RIP Immunoprecipitation Buffer overnight at 4°C. Following this, the complex was
treated with a protease K digestion. To extract the RNA, we employed the phenol-chloroform method. Following
extraction, the relative interaction between m6A and NLRP3 transcripts was assessed using RT-qPCR.

RT-qPCR

RNA was extracted from HUVECs using Trizol (15596026, Thermo fisher), and then the mRNA was reversed to cDNA
using the mRNA Reverse Transcription Kit (CW2569, CWBIO, Beijing, China). 2 uL of cDNA was added into mix
solution containing 15 pL of 2XSYBGREEN PCR Master Mix (CW2601, CWBIO), and 1 uL specific primer for RT-
qPCR detection. The primer sequences used for RT-qPCR can be found in Table 1.

RNA Pull-Down Assay

We employed the Pierce™ Magnetic RNA-Protein Pull-Down Kit (20164, Thermo fisher, Rockford, USA) following the
manufacturer’s instructions. In brief, 50 pmol of biotinylated RNA was combined with 2 mg of protein lysate and 50 puL
of magnetic streptavidin beads. The mixture was then incubated and subsequently washed three times to remove non-
specific binding. The streptavidin beads were then boiled, and the resulting eluate was used for Western blot analysis to

Table | Primer Sequences Were Used in
This Study

Name | Sequences (5’-3’)

B-actin | F- ACCCTGAAGTACCCCATCGAG
R- AGCACAGCCTGGATAGCAAC
NLRP3 | F- GCCACGCTAATGATCGACT
R- TCTTCCTGGCATATCACAGT
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detect the proteins that specifically interacted with the biotinylated RNA. Primary antibodies used in this experiment
included YTHDF1 (17479-1-AP, 1:1000, Proteintech). HRP-labeled goat anti-rabbit IgG (H+L) (AWS0002, 1:5000,
Abiowell) was used as secondary antibody.

Statistical Analysis

All collected data were analyzed using GraphPad Prism 9 software. The results are depicted as mean values with
corresponding standard deviations. To assess the statistical significance between the two groups, the Student’s ¢-test was
used. For analyses involving multiple groups, either one-way ANOVA or two-way ANOVA was conducted. A p-value <
0.05 was considered to indicate statistical significance.

Results
Expression Pattern of méA Methyltransferase in ASTI Rats

We verified whether the ASTI rat models were constructed successfully by examining the muscle surface of the rats as
well as H&E staining of the muscle tissue sections. Figure 1A showed that there was no hemorrhage, bruising, or edema
in the rats of the Sham group, whereas the rats of the ASTI group showed severe hemorrhage, bruising, and edema.
Subsequently, H&E staining was used to observe the histological changes and cellular infiltration in the muscle tissue
sections of the rats. The Sham group had normal muscle fiber arrangement and muscle cell shape. However, the ASTI
group had a severe inflammatory response in the soft tissues, accompanied by significant inflammatory cell infiltration,
muscle fiber breakage, swelling, widening of the intermuscular septum, and muscle fiber degeneration (Figure 1B). These
results indicated that ASTI rat models were constructed successfully. m6A methyltransferases mainly includes METTL3,
METTL14, and WTAP.?® We examined the protein levels of these three m6A methyltransferases in rat muscle tissues.
The results revealed that in the ASTI group of rats, the expression levels of METTL3, METTL14, and WTAP were
significantly increased compared to the Sham group. Notably, the expression of METTL3 showed the most pronounced
difference between the two groups (Figure 1C). Furthermore, IHC results of rat muscle tissues also showed that METTL3
levels were significantly higher in rats of the ASTI group than in the Sham group (Figure 1D). Therefore, we concluded
that METTL3 was a key factor affecting ASTI.

Modulation of METTL3 Affects ASTI and Cell Pyroptosis in ASTI Rats

To further examine the effects of METTL3 on ASTI and cell pyroptosis, we knocked down METTL3 in rats using
lentivirus carrying sh-METTL3. The muscle surface of the rats as well as H&E staining of the muscle tissue sections
showed a significant alleviation of the symptoms of ASTI in ASTI rats knocked down with METTL3 (Figure 2A and B).
The Western blot analysis in Figure 2C confirmed that the expression of METTL3 was decreased in rats that were
transfected with the sh-METTL3 lentivirus. It is known that endothelial cell pyroptosis plays a significant role in the
healing of wounds,'? and it may also have an impact on ASTIL. Therefore, we investigated whether cell pyroptosis is
involved in ASTI and examined the role of METTL3 in this process by assessing the activation of the NLRP3
inflammasome in rats with ASTI. Western blot results revealed a significant increase in protein levels of pyroptosis-
related proteins in the ASTI group compared to the Sham group. Conversely, in the LV-sh-METTL3 group, there was
a notable decrease in the levels of these pyroptosis-related proteins compared to the LV-NC group (Figure 2D). In
addition, IHC detection of NLRP3 and GSDMD-N showed similar changes (Figure 2E). We used NLRP3/CD31 double
staining to further analyze endothelial cell pyroptosis in damaged muscle tissues. The IF results showed an increased
number of co-localized NLRP3 and CD31 in the ASTI group compared to the Sham group, indicating more NLRP3-
positive endothelial cells, whereas knockdown of METTL3 resulted in fewer NLRP3-positive endothelial cells
(Figure 2F). As shown in Figure 2G, the levels of IL-1p and IL-18 were notably elevated in the ASTI group in
comparison to the Sham group. However, the knockdown of METTLS3 resulted in a significant reduction in the levels of
IL-1PB and IL-18. Additionally, since the production of ROS is known to play a crucial role in the activation of the
NLRP3 inflammasome,®' we further investigated the levels of ROS in the muscle tissues of rats in each group. The
findings showed that there was an increase in levels of ROS in rats of the ASTI group compared to the Sham group.
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However, when METTL3 was knocked down, a decrease in ROS levels was observed (Figure 2H). These results imply
that the NLRP3 inflammasome is activated and leads to cell pyroptosis in the case of ASTI and that METTL3 plays a role

in mediating this process.
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Regulation of METTL3 Affects Endothelial Cell Pyroptosis

To further elucidate the relationship between METTL3 and cell pyroptosis, we established an LPS-ATP-induced
in vitro injury model and constructed an in vitro model with low expression of METTL3. RT-qPCR and Western blot
analysis verified successful METTL3 knockdown in HUVECs, and sh-METTL3-2 had the highest knockdown
efficiency, which was used for subsequent experiments (Figure S1). In addition, Western blot analysis, it was

determined that the expression of METTL3 was significantly higher in the cells of the Model group compared to
the Control group. However, upon transfection with sh-METTL3, there was a notable decrease in the expression of
METTL3 (Figure 3A). Furthermore, as depicted in Figure 3B, the Model group exhibited a significant increase in cell
pyroptosis in contrast to the Control group. However, the knockdown of METTL3 effectively inhibited the LPS-ATP-
induced cell pyroptosis. Subsequently, we investigated the impact of METTL3 on the protein levels of various
pyroptosis-related markers. The presence of pyroptosis-related proteins was notably more prevalent in the Model
group than in the Control group. Notably, the knockdown of METTL3 significantly suppressed LPS-ATP-induced
pyroptosis-related protein levels (Figure 3C). The levels of IL-1p and IL-18 showed similar changes (Figure 3D). In
addition, the results of the assay of cellular ROS levels showed that cellular ROS levels were elevated in the Model
group compared with the Control group, and ROS levels decreased after the knockdown of METTL3 (Figure 3E).
These results indicated that inhibition of METTL3 expression could alleviate LPS-ATP-induced endothelial cell
pyroptosis.

METTL3 Promotes NLRP3 Expression by Regulating the mé6A Modification Level of

NLRP3

METTL3 is known to regulate NLRP3 mRNA m6A modification, which enhances ZBP1/NLRP3 protein interaction
and promotes trophoblast cell pyroptosis.'’ Therefore, we validated the effect of METTL3 on m6A modification of
NLRP3 in model cells. RNA m6A colorimetry results indicated that m6A levels were reduced in the sh-METTL3
group compared to the sh-NC group (Figure 4A). Moreover, the RIP assay analysis demonstrated that the knockdown
of METTLS3 resulted in a decrease in m6A levels of NLRP3 in HUVECs (Figure 4B). Furthermore, the results obtained
from Western blot analyses provided compelling evidence, demonstrating a significant decrease in protein expression
levels of NLRP3 in the sh-METTL3 group when compared to the sh-NC group (Figure 4C). These findings strongly
suggest that METTLS3 is involved in enhancing the m6A modification of NLRP3 and facilitating its expression in
HUVECs.

Regulation of NLRP3 by m6A Modification Requires YTHDFI

The m6A-reader proteins are an integral part of the m6A modification process.””> We found that YTHDF1, YTHDF2,
YTHDF3, IGF2BP1, IGF2BP2, and IGF2BP3 could bind to NLRP3 by site prediction (http://rm2target.canceromics.org/
#/home). To verify this result, we examined the protein levels of these m6A-reader proteins in rat muscle tissues and
HUVEGCs, respectively. Western blot analysis of rat muscle tissues showed that the protein levels of YTHDF1, IGF2BP1,
and IGF2BP3 were higher in the ASTI group than in the Sham group, with the most significant difference in YTHDF1
(Figure 5A). Western blot analysis of HUVECs showed that the protein levels of YTHDF1 and IGF2BP1 both had higher
protein levels than the Control group, while the protein level of IGF2BP2 was lower than the Control group, with the
most significant difference in YTHDF1 (Figure 5B). These results suggest that YTHDF1 may be associated with ASTI.
Therefore, we further investigated the role of YTHDF1. RNA pulldown assay also confirmed that YTHDF1 could bind to
NLRP3 mRNA (Figure 5C). Next, we constructed HUVECs with low expression of YTHDF1. RT-qPCR and Western
blot analysis verified successful YTHDF1 knockdown in HUVECs, and sh-YTHDF1-3 had the highest knockdown
efficiency, which was used for subsequent experiments (Figure 5D). Furthermore, as shown in Figure 5E and F, the
knockdown of YTHDF1 decreased NLRP3 protein levels but did not affect mRNA levels in HUVEC compared with the
sh-NC group. Overall, these results provide evidence suggesting that the m6A modification of NLRP3 is dependent on
the participation of YTHDF1.
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Figure 3 Regulation of METTL3 affects endothelial cell pyroptosis. (A) Western blot analysis of METTL3 expression in HUVECs. (B) Detection of cellular pyroptosis by flow
cytometry. (C) Western blot analysis of pyroptosis-related protein expressions in HUVECs. (D) ELISA for IL-1B and IL-18 levels in HUVECs. (E) Detection of ROS levels by
flow cytometry in HUVECs. *P<0.05 vs the Control group, #P<0.05 vs the sh-NC group.
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Effect of Modulating NLRP3 to Reverse METTL3 on LPS-ATP-Induced Endothelial Cell
Pyroptosis

To further investigate the potential mechanism of NLRP3 in the METTL3-mediated effect on LPS-ATP-induced
endothelial cell pyroptosis, we cotransfected oe-NC or oe-NLRP3 and sh-METTL3 into LPS-ATP-induced HUVECs.
Figure 6A showed that knockdown of METTL3 significantly inhibited LPS-ATP-induced cellular pyroptosis, which is
consistent with the results in Figure 3B, and this inhibitory effect of sh-METTL3 was reversed after overexpression of
NLRP3. In the sh-METTL3 group, the Western blot analysis revealed significantly reduced protein levels of NLRP3,
cleaved-Caspase-1, IL-1p, IL-18, and GSDMD-N compared to the sh-NC group. Furthermore, overexpression of NLRP3
resulted in increased levels of these pyroptosis-related proteins (Figure 6B). The levels of IL-1B and IL-18 in cell
supernatants showed similar changes (Figure 6C). In addition, the results of the detection of cellular ROS levels showed
that cellular ROS levels were decreased in the sh-METTL3 group compared to the sh-NC group, and ROS levels were
increased after overexpression of NLRP3 (Figure 6D). These findings suggest that NLRP3 mediates the impact of
METTL3 on LPS-ATP-induced endothelial cell pyroptosis.
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detecting NLRP3 mRNA levels in HUVECs. *P<0.05 vs the sh-NC group.

Discussion

ASTI is characterized by skeletal muscle damage, which includes local tissue necrosis, capillary dilation, tissue edema,
inflammatory cell infiltration, and release.” In addition to causing damage to muscle cells, this process also interferes
with the normal functioning of endothelial cells. The disruption of endothelial cell function is known to be critically
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Figure 6 Regulation of METTL3 affects LPS-ATP-induced endothelial cell pyroptosis. (A) Detection of cellular pyroptosis by flow cytometry. (B) Western blot analysis of
pyroptosis-related protein expressions in HUVECs. (C) ELISA for IL-1p and IL-18 levels in HUVECs. (D) Detection of ROS levels by flow cytometry in HUVECs. *P<0.05 vs
the sh-NC group, #P<0.05 vs the sh-METTL3+oe-NC group.

involved in the initiation and progression of ASTL.*> As a protective response after muscle tissue damaged, inflammation
is very common.>* Previous studies have shown the presence of leukocyte infiltration and local inflammation in damaged
tissues, with overexpression of pro-inflammatory cytokines.*>*® The inflammatory cytokines primarily responsible for
regulating the cellular environment and influencing the progression of other repair mechanisms.*® It is therefore essential
to target inflammation when developing treatments aimed at facilitating faster recovery. Pyroptosis, a pro-inflammatory
form of programmed cell death triggered by the NLRP3 inflammasome and dependent on Caspase-1 activation, has been
identified as a potential mechanism to target in this regard.”’

Previous research has highlighted the significant role of endothelial cell pyroptosis in the process of wound healing.'?
The pathophysiological mechanisms of ASTI are similar to those of wound injury. Furthermore, the activation of the
NLRP3 inflammasome and the resulting pyroptosis have also been implicated in the mechanism underlying the
cadmium-induced inflammatory response in HUVECs.?® Hence, it can be inferred that endothelial cell pyroptosis
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might play a crucial role in the progression of ASTI. Our study confirmed this, as increased expression of pyroptosis-
related proteins was detected in both the ASTI rat model and the LPS-ATP induced in vitro injury model. In addition,
levels of the inflammatory cytokines IL-1p and IL-18, and ROS were elevated, indicating an increased level of NLRP3
inflammasome-mediated cell pyroptosis in ASTI. However, when METTL3 was knocked down, the level of cell
pyroptosis decreased, and ASTI was alleviated.

m6A, formed by RNA methylation in mRNA, is the most prevalent internal modification and plays a vital role in

2939 m6A is a reversible RNA modification that occurs through methylation by

multiple molecular and cellular processes.
methyltransferases (writers) and can be demethylated by demethylases (erasers). Following m6A modification of RNA
bases, specific enzymes known as “readers” recognize these modified sites, subsequently influencing processes such as
RNA translation, decay, and stability downstream.>® Furthermore, it regulates cell fate determination, cell cycle arrest,
and cell differentiation, and ultimately contributes to the development of various diseases.”' Members of the m6A
“writers” include METTL3, METTL14, and WTAP, with METTL3 being primarily responsible for synthesizing nearly
all m6A in the mRNA transcriptome.®? However, there have been no reports on m6A methylation in ASTI so far. In our
study, we measured the expression of these three m6A “writers” in injured muscle tissue from the ASTI rat model for the
first time. According to the Western blot analysis, METTL3, METTL14, and WTAP protein expression levels were found
to be elevated in the ASTI rats compared to the Control group. Specifically, METTL3 exhibited the most significant
difference in expression between the two groups. IHC results also indicated a high expression of METTL3 in ASTIL.
Previous studies have shown that METTL3 enhances VEGF3-mediated lymphangiogenesis through the regulation of
VEGF-C m6A modification in ADSCs, promoting wound healing.'® In our further investigation of the role of METTL3
in ASTI, we knocked down METTL3 in the ASTI rats and observed reduced tissue damage and weakened inflammatory
response, suggesting that inhibiting METTL3 can alleviate ASTI.

Emerging evidence suggests that m6A plays a key role in the regulation of cell pyroptosis pathways.**** Moreover,
METTL3 enhances cell pyroptosis by increasing m6A methylation on NLRP3 mRNA and its stability, thereby
promoting the interaction between ZBP1 and NLRP3 protein.'” Similarly, we also found that inhibiting METTL3
can alleviate cell pyroptosis in both in vivo and in vitro models of ASTI. To further investigate the role of METTL3 in
NLRP3 mRNA m6A methylation, we conducted RIP, PCR, and Western blot assays and found that knocking down
METTL3 resulted in decreased m6A levels on NLRP3 mRNA, leading to reduced expression of NLRP3. Moreover,
overexpression of NLRP3 reversed the inhibitory effect of METTL3 knockdown on HUVECsS cell pyroptosis. These
findings suggest that METTL3 promotes HUVEC cell pyroptosis by increasing m6A methylation on NLRP3 mRNA
and NLRP3 expression. However, it has also been reported that METTL3 can alleviate high glucose-induced retinal
pigment epithelium (RPE) cell pyroptosis, and this effect is mediated by targeting the miR-25-3p/PTEN/AKT
signaling.*® This discrepancy may be due to the different downstream target genes regulated by METTL3 in different
cell types.

During the m6A modification process, the involvement of m6A “readers” is also required. METTL3, by affecting
the m6A levels on mRNA, alters the recognition capability of m6A readers towards mRNA molecules, consequently
influencing gene expression.’® The YTH domain-containing family was initially identified as m6A reader proteins,
including YTHDF1, YTHDF2, and YTHDF3.?” YTHDF1 has been shown to enhance the translation of NLRP3 and
promote inflammation in a mouse model of sepsis.*® However, the interaction between YTHDF1 and NLRP3 in
ASTI has not been reported yet. In our study, we first predicted potential m6A readers that may interact with NLRP3
using bioinformatic analysis. Subsequently, we examined the expression of RNA m6A reader proteins, including
YTHDF1, YTHDF2, YTHDF3, IGF2BP1, IGF2BP2, and IGF2BP3, in both in vivo and in vitro models of ASTI
using Western blot. The results showed that YTHDF1 was highly expressed in both in vivo and in vitro models of
ASTI, and it interacted with NLRP3 mRNA. Furthermore, Western blot and RT-qPCR assays showed that the
knockdown of YTHDF1 decreased NLRP3 protein expression in HUVECs but did not affect NLRP3 mRNA levels.
These findings suggest that YTHDF1 binds to NLRP3 mRNA and regulates NLRP3 expression by promoting its
translation.
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Limitation

In our study, we simulated an ASTI animal model through impact experiments. However, others have utilized clamp
compression on thigh muscles to mimic the ASTI animal model in different research.>* Whether our study’s conclusions
are applicable to these other models remains uncertain. Therefore, further research is necessary to validate these findings.
Additionally, further validation in clinical samples to assess its clinical feasibility represents a future research direction
for us.

Conclusions

The main findings of this study demonstrate that METTL3 mediates endothelial cell pyroptosis in soft tissue injury by
increasing m6A methylation and enhancing NLRP3 expression, and this effect also requires the involvement of m6A
reader protein YTHDF1. This discovery may provide new directions for the treatment of ASTI.
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