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ABSTRACT
Severe acute pancreatitis (SAP) is a digestive system disease with a high mortality rate. Acinar cell pyroptosis is crucial for the

pathogenesis of SAP, but its mechanism has not been fully elucidated. m5C modification is involved in the progression of

multiple diseases, but its role in SAP remains unclear. In this study, we aimed to investigate the mechanism of pyroptosis in

SAP mediated by m5C modification. In vivo and in vitro SAP model were established by inducement of caerulein and chole-

cystokinin on C57BL/6 mice and 266‐6 cells. Hematoxylin eosin staining, TUNEL assay, ELISA, flow cytometry and western

blot were performed to evaluate levels of inflammation and pyroptosis in vivo and in vitro of SAP. The underlying mechanism

was detected by dot blot, methylated RNA Immunoprecipitation (MeRIP), RIP, dual luciferase reports and immunofluorescence

staining. Results showed that inflammation and pyroptosis were increased in in vivo and in vitro SAP models, with the

enhancement of m5C modification and ALYREF expression. Moreover, ALYREF knockdown inhibited inflammatory infil-

tration of pancreatic tissue and pyroptosis in the SAP mouse and cell models. ALYREF knockdown enhanced AKT1 expression

by decreasing m5C modification on AKT1, and activated AKT/mTOR signaling pathway, while inhibiting the activation of

AKT/mTOR pathway reversed the inhibition of pyroptosis induced by ALYREF knockdown. Collectively, we demonstrated that

ALYREF knockdown inhibited pyroptosis in SAP through activating AKT/mTOR signaling pathway by decreasing m5C

modification on AKT1. This study may provide a novel target and basis for the treatment of SAP.

1 | Introduction

Acute pancreatitis is an inflammatory condition of the pancreas
that is mild in most patients and resolves within a week [1].
About 20–30% patients may develop severe acute pancreatitis
(SAP), with a mortality rate of up to 15% [2]. SAP is charac-
terized by rapid onset and severe disease, with consist organ
failure and metabolic disorder, including respiratory failure,
renal failure, cardiovascular failure and systemic inflammatory
response syndrome and is the leading causes of death in

patients with SAP [3, 4]. With the intensive research on SAP,
several therapeutic drugs for SAP have been developed, reduc-
ing systemic reactions and mortality in patients [5, 6]. However,
the pathogenesis of SAP has not been fully elucidated and still
needs further investigation.

Recent studies have revealed that the mechanisms of SAP involve
microcirculatory disturbances, intestinal barrier dysfunction, and
an imbalance in cell death modalities [7–9]. Notably, pyroptosis
has been demonstrated to influence the severity of SAP and its
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associated lung and intestinal injury [10, 11]. Pyroptosis is a type of
programmed cell death mediated by gasdermin (GSDM), which is
characterized by continuous swelling, expansion, and rupture of
cells, leading to the release of cellular contents and inflammatory
factors, thereby activating a series of inflammatory responses
[12, 13]. Pyroptosis has proven to be a double‐edged sword.
Moderate pyroptosis promotes the release of pathogen by elim-
inating infected cells and enhances immune activity to effectively
clear pathogens [14, 15]. On the contrary, excessive pyroptosis
aggravates the inflammation in the body and the damage of tissue
cells, exacerbating the progression of the disease [16, 17]. Pyr-
optosis is closely associated with progression of multiple diseases,
including cancers, liver diseases, autoimmune disease and car-
diovascular disease [18–21]. Recently, several studies revealed that
pyroptosis is involved in the pathogenesis of SAP, and the mech-
anism is complex [11, 22]. For instance, Wang et al. [23] found
that the activation of the Akt/NF‐κB and Caspase‐3/GSDME
pathways exacerbates acinar cell damage by enhancing pyroptosis.
Furthermore, Lin et al. [24] demonstrated that S1PR2 triggers
pyroptosis in intestinal epithelial cells via the RhoA/ROCK sig-
naling pathway, thereby exacerbating intestinal injury and
inflammation in SAP. Moreover, it has been demonstrated that
inhibition of pyroptosis enhances the therapeutic outcomes in
SAP. Therefore, studying the mechanism of pyroptosis of SAP may
provide a new approach for the treatment of this disease.

RNA modification is one of the research hotspots in recent years,
which is involved in regulating gene expression and controlling
cell fate [25]. Among them, 5‐methylcytidine (m5C) is a methyl-
ation modification occurs at position 5 of the cytidine residues of
RNA and widely exists on tRNA, rRNA, mRNA [26]. m5C mod-
ification is catalyzed by NSUN family, removed by TET proteins
and ALKBH1, and recognized by ALYREF, YBX1 and several
proteins [27]. These proteins are involved in various biological
functions by regulating RNA maturation, stability, output, and
cellular translation [28, 29]. m5C modification is involved in the
developmental disability, and the regulation of tumor immune
microenvironment in cancer development [30–32]. Several studies
used bioinformatic analysis to identify that m5C modification may
mediate the progression of type 2 diabetes mellitus, rheumatoid
arthritis and osteoarthritis by regulating pyroptosis [33, 34].
However, the mechanism by which m5C methylation regulates
pyroptosis has not been adequately investigated, and whether it is
involved in the development of SAP has not been reported

In this study, C57BL/6 mice were induced by caerulein to es-
tablish a SAP mouse model, and mouse pancreatic acinar car-
cinoma 266‐6 cells were induced by cholecystokinin to establish
an in vitro SAP model, and investigated the level of pyroptosis
in vivo and in vitro models of SAP, as well as the mechanism by
which m5C modification regulates pyroptosis in SAP. This
study further understood the pathogenesis of SAP and may
provide new insights into the prevention and treatment of SAP.

2 | Methods

2.1 | Animal Study

Animal study was approved by the Ethics Committee of Anhui
College of Traditional Chinese Medicine (Approval number:

KY‐2024‐027). Eight‐week old C57BL/6 mice were maintained
on a 12‐h light/dark cycle at 22 ± 2°C for 1 week adaption with
free access to food and water. Mice were randomly divided into
the normal group, SAP group, SAP +KO‐NC group and
SAP +KO‐ALYREF group (six mice/group). Lentiviral vector
injection was conducted 1 day before induction of SAP mouse
model. Mice in the SAP +KO‐NC group and the SAP +KO‐
ALYREF group were injected with lentiviral vectors carrying
short hairpin negative control (sh‐NC) and shALYREF plasmids
through the tail vein. SAP mouse model was induced by
intraperitoneal (i.p.) injection of caerulein (200 μg/kg) at
an hour interval for a total of 10 injections [35]. After induce-
ment of SAP mouse model, mice were killed by 5% isoflurane.
Part of pancreatic tissues were stored in −80°C for qPCR or
western blot and the rest were fixed in 4% paraformaldehyde for
histological analysis. Blood samples were obtained from the tail
veins, and centrifuged at 2000 × g for 10min to collect serums.
The serums were stored at ‐80°C for further investigation.

2.2 | Cell Culture and Treatment

Mouse pancreatic acinar carcinoma 266‐6 cells were purchased
from American Type Culture Collection (Manassas, VA, USA).
Cells were cultured in Dulbecco's modified eagle medium
(Gibco, Grand Island, NY, USA) containing 10% fetal bovine
serum (Gibco) and 1% penicillin‐streptomycin at 37°C with 5%
CO2. To induce a SAP cell model, cells were treated with 8 μM
cholecystokinin for 12 h. To inhibit the activation of AKT/
mTOR signaling pathway, cells were induced with 20μmol/L
AKT inhibitor GSK690693.

2.3 | Cell Transfection

Short hairpin RNA targeting ALYREF (sh‐ALYREF) and
shRNA negative control (shNC) were provided by GeneChem
(Shanghai, China). 266‐6 cells were seeded in a six‐well plate,
and the transfection was conducted when cell fusion reached
70–80% using Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer's protocol. Cells were
harvested after 48 h transfection.

2.4 | Hematoxylin Eosin (H&E) Staining

Mice pancreases fixed with 4% paraformaldehyde were dehy-
drated, embedded in paraffin, and made into 5 µm sections. The
sections after dewaxing and hydrating were stained with hem-
atoxylin for 5 min and eosin (Beyotime, Shanghai, China) for
30 s, respectively. The sections were dehydrated, transparent,
sealed and observed under a microscope.

2.5 | Tunel Assay

TUNEL assay was performed using a TUNEL apoptosis assay
kit (Beyotime). Paraffin sections after dewaxing were incubated
with 20 μg/ml protease K not containing DNase for 15 min at
room temperature for 15 min. Next, samples were incubated
with biotin labeling solution for 1 h at 37°C, streptavidin‐HRP
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solution for 30min and DAB solution for 20 min, respectively.
The nucleus was stained with hematoxylin. The sections were
observed under a microscope.

2.6 | ELISA

The levels of inflammatory factors IL‐1β, IL‐6 and TNF‐α in the
serum of mice were measured using the ELISA kits (Beyotime)
according to the manufacturer's protocol. The absorbance was
measured at 450 nm using a microplate reader.

2.7 | Detection of LDH Release

LDH release was detected using a LDH cytotoxicity assay kit
(Beyotime). Cells were seed in a 96‐well plate, and LDH release
detection was performed according to the manufacturer's pro-
tocol when the cell fusion reached 80‐90%. The absorbance was
measured at 490 nm.

2.8 | Flow Cytometry

Apoptosis of 266‐6 cells was detected using an Annexin V‐FITC
apoptosis detection kit (Beyotime). Cells of different groups
were mixed with Annexin V‐FITC and propyl iodide for 20 min
protected from light at room temperature. Apoptosis was
detected using a FACSCalibur cytometer (BD, Franklin Lakes,
NJ, USA).

2.9 | Western blot

Total protein of mouse pancreatic tissues and 266‐6 cells was
isolated using radioimmunoprecipitation assay lysis buffer
(Beyotime). Protein samples were quantified using a BCA kit
(Beyotime) and loaded on 10% SDS‐PAGE. After electrophoretic
separation, the samples were transferred to PVDF membranes
and incubated with 5% skim milk for 2 h block. The membranes
were then incubated with anti‐NLRP3 (ab263899, 1/1000, Ab-
cam, Cambridge, MA, USA), anti‐CASP1 (ab207802, 1/1000,
Abcam), anti‐p‐AKT (ab38449, 1/1000, Abcam), anti‐AKT
(ab8805, 1/1000, Abcam), anti‐p‐mTOR (ab109268, 1/1000,
Abcam), anti‐mTOR (ab2732, 1/2000, Abcam) and anti‐GAPDH
(ab181602, 1/10000, Abcam) overnight at 4°C. Next, the
membranes were incubated with secondary antibodies (ab6721,
1/10000, Abcam) for 2 h at room temperature. Blots were
visualized using the enhanced chemiluminescence (ECL)
reagent (Yeasen, Shanghai, China) and photographed with an
optical luminescence instrument (GE, Chicago, IL, USA).

2.10 | Dot Blot Assay

RNA extraction of mouse pancreatic tissues and 266‐6 cells was
performed using Trizol reagent (Invitrogen). The RNA was
denatured by heat and transferred onto a Hybond‐N+ mem-
brane (Solarbio, Beijing, China). Subsequently, the membrane
was cross‐linked with UV and blocked with 5% skim milk for
1 h. The membranes were incubated with anti‐m5C overnight at

4°C followed by incubation with secondary antibodies (1: 10000,
ab6721, Abcam) for 1 h. The membranes were visualized using
ECL reagent. For internal standard detection, the membrane
was incubated with 0.02% methylene blue (Sigma‐Aldrich, St.
Louis, MO, USA) in 0.3M sodium acetate (pH 5.2) for 15min.

2.11 | Quantitative Real‐Time PCR (qPCR)

Extracted total RNA of mouse pancreatic tissues and 266‐6
cells was reverse‐transcribed into cDNA using a cDNA syn-
thesis kit (Vazyme, Nanjing, China). qPCR was conducted
using SYBR green master mix (Vazyme) on CFX96 system
(Bio‐Rad, Hercules, CA, USA). Relative mRNA expression
was detected using the 2−ΔΔCt method with GAPDH as the
reference standard for normalization. The qPCR primers are
presented in Table 1.

2.12 | Bioinformatic Analysis

The genes interacted with ALYREF were predicted using the
GeneMANIA database (http://genemania.org/). The potential
m5C sites of AKT1 were predicted using the RNAm5Cfinder
database (http://www.rnanut.net/rnam5cfinder/).

2.13 | Rna Immunoprecipitation (RIP)

RIP assay was performed using a RIP assay kit (Beyotime) to
detect the interaction between ALYREF and AKT1. Protein A/G
Agarose was incubated with anti‐AKT1 or anti‐IgG for 30 min
at room temperature. The pre‐coated Protein A/G Agarose was
centrifuged at 1000×g for 1 min at 4°C. The supernatant was
discarded and incubated with cell lysate for 4 h at 4°C. Finally,
the samples were eluted and purified, and AKT1 expression was
measured by qPCR.

2.14 | Methylated RIP (MeRIP)

The m5C modification of AKT1 was measured using a m5C
MeRIP kit (Cloudseq, Shanghai, China). RNA was fragmented
using the fragmentation buffer on a PCR instrument at 70°C for
6 min. PMG beads were incubated with anti‐m5C for 1 h at
room temperature on a shaker. The beads were collected by
centrifugation and resuspended in IP buffer. Next, fragmented
RNA was incubated with PGM beads pre‐coated with anti‐m5C
for 1 h at room temperature for IP. The RNA samples were
purified according to the manufacturer's protocol, and the m5C
modification of AKT1 was measured by qPCR.

2.15 | Rna Stability Assay

To detect the stability of AKT1 mRNA in 266‐6 cells transfected
with sh‐NC and sh‐ALYREF, cells were treated with 5 μg/mL
actinomycin D (Merck, Darmstadt, Germany), and the expres-
sion of AKT1 was measured before and 4, 8 and 12 h after
treatment by qPCR.
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2.16 | Dual Luciferase Reports Assay

To identify the m5C site of AKT1, luciferase reporter plasmids
wild type (wt)‐AKT1 and mutation (mut)‐AKT1 sequence con-
taining predicted m5C sites sequences were constructed by cloning
into the pGL3 vector. 266‐6 cells were seeded in a 24‐well plate
and cotransfected with the luciferase reporter plasmids and sh‐NC
or sh‐ALYREF for 48 h using Lipofectamine 2000. Dual‐luciferase
reporter assay system (Promega, San Luis Obispo, CA, USA) was
performed to measure the luciferase activity.

2.17 | Immunofluorescence (If) Staining

The location of ALYREF and AKT1 in 266‐6 cells was identified
by IF staining using an IF staining kit (Beyotime). Cells were
fixed in fixative for 10 min and blocked with sealing fluid for
60 min. Subsequently, cells were incubated with anti‐AKT1
overnight at 4°C and then incubated with secondary antibodies
for 1 h protected from light. The nuclei were stained with 4’,6‐
diamidino‐2‐phenylindole (Beyotime) and cells were observed
using a confocal microscope.

2.18 | Statistical Analysis

The data were analyzed using SPSS 22.0 software. The comparison
between two or more groups was carried out by means of Stu-
dent's t test or one‐way analysis of variance (ANOVA), and results
were expressed as mean± standard deviation of at least three
replicates. p<0.05 was recognized as statistically significant.

3 | Results

3.1 | Inflammation Level and Pyroptosis Are
Increased in the SAPMouseModel and the Cell Model

To investigate the mechanism of SAP development, we eval-
uated the inflammation level and pyroptosis in SAP mouse
model and cell model. H&E and TUNEL staining suggested that
inflammatory cell infiltration and interstitial edema, as well as
apoptotic cells were increased in pancreatic tissue of the SAP
mouse model compared with the normal group (Figure 1A,B).

Moreover, the levels of IL‐1β, IL‐6 and TNF‐α were significantly
increased in the SAP mouse model (Figure 1C–E). In vitro
experiments suggested that LDH release, pyroptosis and the
protein levels of NLRP3 and CASP1 were significantly increased
in the SAP cell model (Figure 1F–H). In conclusion, these
results demonstrated that the inflammation level and pyroptosis
were increased in the SAP mouse model and the cell model.

3.2 | m5C Modification and ALYREF Expression
Are Upregulated in the SAP Mouse Model and the
Cell Model

To explore the function of m5C modification in SAP, we first
detect the m5C level in the SAP mouse model and cell model.
Results showed that the m5C levels were increased in the SAP
mouse model and cell model (Figure 2A,B). Next, we measured
the expression of several m5C‐related genes in the SAP mouse
model. Results suggested that the expression of NSUN2, NSUN3
and ALYREF was significantly upregulated in the SAP mouse
model, especially ALYREF (Figure 2C). Meng et al. [36] demon-
strated that circTMEM45A interacts with ALYREF to activate the
NLRP3/caspase‐1/IL‐1β inflammatory pathway through m6A
modification. Given that the core pathological mechanism of SAP
involves NLRP3 inflammasome activation‐driven pyroptosis and
IL‐1β‐mediated inflammatory storm, this study provides direct
mechanistic evidence supporting the selection of ALYREF as a key
regulatory factor in SAP, thereby establishing it as the central
target of our investigation. Moreover, the protein level of ALYREF
in pancreatic tissues of SAP mouse model (Figure 2D), as well as
ALYREF mRNA and protein levels in the SAP cell model were all
upregulated (Figure 3E,F). Taken together, we demonstrated that
m5C modification and ALYREF expression were upregulated in
the SAP mouse model and the cell model¼.

3.3 | ALYREF Knockdown Inhibits the
Pathological Changes of the Pancreas and
Inflammation Level in the SAP Mouse Model

Subsequently, we evaluate the function of ALYREF in the
SAP mouse model. qPCR suggested that ALYREF knockdown
significantly reduced ALYREF mRNA expression and protein
level in pancreatic tissues in the SAP mouse model (Figure 3A).

TABLE 1 | qPCR Primers.

Gene Forward Primer Reverse Primer

NOP2 CGAAAGGCCCGAAAACAGAAG TGGATAACTCTCCAGGCAATGT

NSUN2 AGGTGGCTATCCCGAGATCG GACTCCATGAATTGGTCCCATT

NSUN3 GACTCCATGAATTGGTCCCATT AGGACTGTGTGATAGCCCCTC

NSUN6 AAGACAACAGGGTGAAGTGATTG TCCATCAAATTCTTTGGCTCCTT

NSUN7 TCTCAAGGTGGTCTACCGAAA TTCATTGCGTGTGTTAGCTGT

TRDMT1 GCGCTGCGAGAAAGTCATATC CCCTGTAGGCCAATTCTTGTG

ALYREF GGCACCGTACAGTAGACCG AAGTCCAGGTTTGACACGAGC

TET1 GCAGTGAACCCCGGAAAAC AGAGCCATTGTAAACCCGTTG

TET2 CTCCCATCAGCCATACAGAACC CTGACTGTGCGTTTTATCCCT

TET3 TGCGATTGTGTCGAACAAATAGT TCCATACCGATCCTCCATGAG

4 of 13 Journal of Biochemical and Molecular Toxicology, 2025

 10990461, 2025, 12, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jbt.70630 by C

olum
bia U

niversity L
ibraries, W

iley O
nline L

ibrary on [19/02/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Compared with the SAP group, ALYREF knockdown ameliorated
inflammatory cell infiltration, interstitial edema and tissue necrosis
in pancreas (Figure 3C,D). Moreover, TUNEL staining suggested
that ALYREF knockdown inhibited the number of apoptotic cells in
the pancreatic tissues (Figure 3E). Moreover, the levels of inflam-
matory factors IL‐1β, IL‐6 and TNF‐α in the SAPmouse model were
significantly decreased by ALYREF knockdown (Figure 3F–H).
Collectively, these results showed that ALYREF knockdown in-
hibited the pathological changes of the pancreas and inflammation
level in the SAP mouse model.

3.4 | ALYREF Knockdown Inhibits Pyroptosis in
the SAP Cell Model

Next, 266‐6 cells were transfected with sh‐ALYREF, and
ALYREF mRNA expression and protein level were significantly

decreased after transfection (Figure 4A,B). ALYREF knock-
down also significantly reduced LDH release in the SAP cell
model (Figure 4C). Moreover, the upregulated protein levels of
NLRP3 and CASP1 in the SAP cell model were inhibited by
ALYREF knockdown (Figure 4D). Additionally, ALYREF
knockdown also suppressed pyroptosis increased in the SAP cell
model (Figure 4E). In conclusion, we confirmed that ALYREF
knockdown inhibited pyroptosis in the SAP cell model.

3.5 | ALYREF Knockdown Activates AKT/mTOR
Signaling Pathway by Inhibiting the m5C
Modification on AKT1

Then, we explored the mechanism of SAP regulated by
ALYREF. Figure 5A presented several genes predicted to
interact with ALYREF. We identified these genes through RIP

FIGURE 1 | Inflammation level and pyroptosis were increased in the SAP mouse model and the cell model. (A) Pathological change in

pancreatic tissues of mice was detected by H&E staining. (B) The pyroptosis in pancreatic tissues of mice was evaluated by TUNEL assay. (C–E) The
levels of IL‐1β, IL‐6 and TNF‐α in serums of mice were measured using ELISA kits. (F) LDH release in 266‐6 cells was detected using a LDH

cytotoxicity assay kit. (G) Pyroptosis of 266‐6 cells was evaluated by flow cytometry. (H) The protein levels of NLRP3 and CASP1 in 266‐6 cells were

detected by western blot. ***p< 0.001 versus the control group.
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experiments and found that ALYREF interacted with AKT1
(Figure 5B). Moreover, ALYREF knockdown significantly
decreased the m5C modification on AKT1 (Figure 5C), but
increased the stability of ALYREF mRNA (Figure 5D). It has
been demonstrated that ALYREF affects mRNA expression in
a m5C‐modified dependent manner [37]. These results sug-
gested that ALYREF may mediate m5C methylation of AKT1
mRNA. To further elucidate the mechanism by which
ALYREF regulates AKT1 m5C modification, we predicted
several potential m5C sites of AKT1 mRNA, which were
shown in Figure 5E. These sequences were cloned into lucif-
erase reporter plasmids, and subsequently we identified the
m5C methylation site of AKT1 by dual luciferase reporter
assay. Results demonstrated that knockdown of ALYREF sig-
nificantly enhanced the luciferase activity at site 1 and site 2,
particularly at site 1, while it had no effect on the luciferase
activity at site 3 and site 4 (Figure 5F). Additionally, IF
staining showed overlap in localization of ALYREF and AKT1
(Figure 5G), further indicating an interaction between AKT1
and ALYREF. Additionally, ALYREF knockdown upregulated
the protein level of AKT and increased the phosphorylation of
AKT and mTOR, indicating that ALYREF knockdown

activated AKT/mTOR signaling pathway (Figure 5H,I).
Moreover, ALYREF knockdown downregulated the protein
levels of NLRP3 and CASP1 (Figure 5J), indicating that
ALYREF knockdown inhibited pyroptosis in 266‐6 cells. Col-
lectively, these results demonstrated that ALYREF knockdown
activated AKT/mTOR signaling pathway by inhibiting the
m5C modification on AKT1.

3.6 | Inhibition of the AKT/mTOR Signaling
Pathway Activation Promotes Pyroptosis in the
SAP Cell Model Inhibited by ALYREF Knockdown

There is evidence that the inactivation of AKT/mTOR path-
way promotes pyroptosis in cancer and other diseases [38,
39]. Therefore, rescue experiments were performed to eval-
uate the role of AKT/mTOR signaling pathway in pyroptosis
in SAP. AKT inhibitor GSK was treated on SAP cell model
transfected with sh‐ALYREF, and we found that GSK
downregulated the levels of p‐AKT, AKT and p‐mTOR
increased by ALYREF knockdown, suggesting that GSK in-
hibited the activation of SAP cell model with ALYREF

FIGURE 2 | m5Cmodification and ALYREF expression were upregulated in the SAP mouse model and the cell model. (A, B) The m5C levels in the SAP

mouse model and cell model were detected by dot blot assay. (C) The expression of m5C‐related genes in pancreatic tissue was measured by qPCR. (D) The

protein levels of ALYREF in the SAP mouse model were detected by western blot. (E) ALYREF expression in 266‐6 cells was measured by qPCR. (F) The

protein levels of ALYREF in 266‐6 cells were detected by western blot. *p<0.05 and ***p<0.001 versus the control or normal group.
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knockdown (Figure 6A). Moreover, GSK significantly
increased LDH release suppressed by ALYREF knockdown
(Figure 6B). Western blot showed that the protein levels of
NLRP3 and CASP1 in the SAP cell model downregulated by
ALYREF knockdown were upregulated by GSK treatment
(Figure 6C). The CHX chase experiment suggested that with
the prolongation of CHX treatment time, the inactivation of

the AKT/mTOR pathway was inhibited, but the level of
pyroptosis significantly decreased (Figure S1A,B). Addition-
ally, GSK promoted pyroptosis in the SAP cell model sup-
pressed by ALYREF knockdown (Figure 6D). In conclusion,
we demonstrated that suppressing the activation of AKT/
mTOR signaling pathway promoted pyroptosis inhibited by
ALYREF knockdown in the SAP cell model.

FIGURE 3 | ALYREF knockdown inhibited the pathological changes of the pancreas and inflammation level in the SAP mouse model. (A) ALYREF

mRNA expression in mouse pancreatic tissues was measured by qPCR. (B) Western blot was performed to detect the protein levels of ALYREF in mouse

pancreatic tissues. (C, D) H&E staining was performed to evaluate pathological change in pancreatic tissues of mice. (E) Pyroptosis cells in pancreatic

tissues of mice were detected by TUNEL assay. (F–H) The levels of inflammatory factors IL‐1β, IL‐6 and TNF‐α in serums of mice were measured using

ELISA kits. ***p<0.001 versus the KO‐NC or normal group. ###p<0.001 versus the SAP+KO‐NC group.
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FIGURE 4 | ALYREF knockdown inhibited pyroptosis in the SAP cell model. (A) qPCR measured the expression of ALYREF. (B) The protein

levels of ALYREF in 266‐6 cells were detected by western blot. (C) LDH release was detected using a LDH cytotoxicity assay kit. (D) Western blot was

performed to detect the protein levels of NLRP3 and CASP1. (E) Pyroptosis was evaluated by flow cytometry. ***p< 0.001 versus the sh‐NC group;

###p< 0.001 versus the model+sh‐NC group.
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FIGURE 5 | ALYREF knockdown activated AKT/mTOR signaling pathway by inhibiting the m5C modification on AKT1. (A) Genes interacted

with ALYREF were predicted using the GeneMANIA database. (B) The interaction between ALYREF and AKT1 was evaluated by RIP. (C) MeRIP

was performed to measure the m5C modification on AKT1. (D) The stability of AKT1 mRNA was detected by qPCR before and after treatment of

5 μg/mL actinomycin D for 4, 8 and 12 h. (E) The potential m5C sites of AKT1 were predicted using the RNAm5Cfinder database. (F) Dual luciferase

reports were performed to detect the luciferase activity of WT‐ or Mut‐AKT1 in 266‐6 cells transfected with sh‐NC or sh‐ALYREF. (G) The

distribution of AKT1 and ALYREF in 266‐6 cells was detected by IF staining. (H, I) Western blot was performed to detect the levels of p‐AKT, AKT,
p‐mTOR and mTOR. (J) The protein levels of NLRP3 and CASP1 were detected by western blot. **p< 0.01 and ***p< 0.001 versus the sh‐NC group

or IgG group.
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4 | Discussion

Despite the development and updating of treatments for SAP,
it remains a disease with a high mortality and challenging to
treat. Pyroptosis has been demonstrated to promote inflam-
mation in SAP, and inhibition of pyroptosis may be an

effective therapeutic way to treat SAP. In this study, we
investigated the pyroptosis level and the pyroptosis level of
SAP and its mechanism, and found that the pyroptosis levels
were increased in the in vivo and in vitro SAP models.
Moreover, m5C modification and ALYREF expression were
upregulated in the SAP cell model, which inhibited the

FIGURE 6 | Inhibition of the AKT/mTOR signaling pathway activation promoted pyroptosis in the SAP cell model inhibited by ALYREF

knockdown. (A) The protein levels of p‐AKT, AKT, p‐mTOR and mTOR were detected by western blot. (B) LDH release was detected using a LDH

cytotoxicity assay kit. (C) Western blot was performed to detect the protein levels of NLRP3 and CASP1. (D) Pyroptosis was evaluated by flow

cytometry. ***p< 0.001 versus the sh‐NC group; ##p< 0.01 and ###p< 0.001 versus the sh‐ALYREF group.
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activation of AKT/mTOR signaling pathway, thereby facili-
tated pyroptosis.

Excessive inflammation induced by regulatory cell death plays a
key role in the pathogenesis of SAP. Numerous studies have
investigated the function of apoptosis and ferroptosis in the
development of SAP, but the studies about pyroptosis in the
pathogenesis of SAP is insufficient [40, 41]. Gao et al. [35] first
investigated the crucial role of acinar cell pyroptosis in the
pathogenesis of SAP, and found that NLRP3 inflammasome in
acinar cells and the activation of GSDMD mediates pyroptosis
and systemic inflammation in SAP. Moreover, Ma et al. [22] IL‐
37 inhibited acinar cell pyroptosis and pathological injury of
pancreatic tissue in SAP mouse model. Additionally, inhibition
of pyroptosis by GSDMD knockdown or exogenous adminis-
tration of Salidroside can effectively improve the inflammation
level of in vivo SAP model and the pathological injury of pan-
creatic tissues [10, 23]. These evidence demonstrated that
inhibition of pyroptosis is an effective treatment for SAP. In the
present study, we demonstrated that the inflammation level and
pyroptosis was increased in the in vivo and in vitro SAP model,
while ALYREF knockdown improved inflammatory cell infil-
tration of pancreatic tissues and inflammation level in the SAP
mouse model, as well as inhibited pyroptosis in the SAP cell
model, indicating that suppression of pyroptosis by inhibiting
ALYREF expression is effective on the treatment of SAP.

ALYREF is the reader of m5C modification located in the
nucleus specifically recognizing and directly binding to the m5C
sites in RNA and facilitates the export of RNA from the nucleus
to the cytoplasm [42]. ALYREF is involved in the development of
diseases by regulating the stability of mRNA through m5C
modification. However, much of the current research on the role
of ALYREF in disease has focused on cancers. For example,
ALYREF promotes the development of non‐small cell lung
cancer and urothelial bladder cancer by enhancing m5C modi-
fication of target RNA [43, 44]. Notably, He et al. demonstrated
that ALYREF is upregulated in abdominal aortic aneurysms and
is associated with inflammatory infiltration (CD45+ and CD3+)
[45]. However, the role of ALYREF in other inflammatory dis-
eases remains unexplored, and its specific function in SAP
pathogenesis has not yet been clearly defined. In this study, we
confirmed that m5C modification and ALYREF expression were
enhanced in the in vivo and in vitro SAP models. Mechanisti-
cally, ALYREF binds to m5C‐modified sites on AKT1 mRNA,
and ALYREF knockdown protected AKT1 from degradation by
exonucleases and enhancing its translation. This process acti-
vated the AKT/mTOR pathway, inhibiting pancreatic acinar cell
pyroptosis and systemic inflammation. This is the first study to
reveal the role of ALYREF in SAP and pyroptosis. The clinical
significance of ALYREF lies in its potential as a therapeutic
target for SAP. Inhibition of ALYREF could stabilize AKT1
mRNA, thereby suppressing pyroptosis and attenuating SAP
severity. Given the limited targeted therapies for SAP, ALYREF
represents a promising candidate for precision medicine ap-
proaches. Future studies should explore ALYREF's role in patient
cohorts and validate its druggability in preclinical models.

AKT/mTOR signaling pathway is highly conserved in eu-
karyotic cells that promote cell survival, cell growth, and cell
cycle progression [46]. Several studies have demonstrated that

AKT/mTOR signaling pathway regulates pyroptosis in multi-
ple diseases. Chen et al. [47] revealed that hASCs‐derived
exosomal miR‐155‐5p activates the AKT/mTOR signaling
pathway and inhibits pyroptosis to improve intervertebral disc
degeneration. Moreover, Wei et al. demonstrated that doxo-
rubicin increased pyroptosis and suppressed the activation of
PI3K/Akt/mTOR signaling pathway of mice [48]. Ning et al.
[49] confirmed that Baicalein inhibited pyroptosis by facili-
tating autophagy through inhibiting the activation of AKT/
mTOR pathway in Mycobacterium tuberculosis‐infected mac-
rophages. However, the role of AKT/mTOR pathway in pyr-
optosis of SAP has not been reported. In this study, we
demonstrated ALYREF knockdown enhanced the stability of
AKT1 mRNA by inhibiting m5C modification on it and thus
activating the AKT/mTOR pathway to inhibit pyroptosis,
while AKT/mTOR pathway inhibitor reversed these effect.
This study provided new evidence for the role of the AKT/
mTOR signaling pathway in SAP.

In conclusion, we demonstrated that ALYREF knockdown in-
hibited pyroptosis in SAP by inhibiting m5C modification on
AKT1 to activate the AKT/mTOR pathway. This study may
provide a new basis and strategy for the treatment of SAP.
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Additional supporting information can be found online in the
Supporting Information section.
Figure S1: ALYREF knockdown inhibited the inactivation of
AKT/mTOR pathway and pyroptosis in the SAP cell model. Western
blot was performed to detect (A) the protein and phosphorylation levels
of AKT and mTOR and (B) the protein levels of NLRP3 and CASP1.
original data.
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