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ABSTRACT

This study aims to explore the molecular mechanism of N6-methyladenosine (m6A) modification-
related long noncoding RNA (IncRNA)-microRNA (miRNA)-messenger RNA (mRNA) network in
regulating autophagy and affecting the occurrence and development of acute pancreatitis (AP).
RNA-seq datasets related to AP were obtained from Gene Expression Omnibus (GEO) database and
merged after batch effect removal. IncRNAs significantly related to m6A in AP, namely candidate
IncRNA, were screened by correlation analysis and differential expression analysis. In addition,
candidate autophagy genes were screened through the multiple databases. Furthermore, the key
pathways for autophagy to play a role in AP were determined by functional enrichment analysis.
Finally, we predicted the miRNAs binding to genes and IncRNAs through TargetScan, miRDB and
DIANA TOOLS databases and constructed two types of IncRNA-miRNA-mRNA regulatory networks
mediated by upregulated and downregulated IncRNAs in AP. Nine IncRNAs related to m6A were
differentially expressed in AP, and 21 candidate autophagy genes were obtained. Phosphoinositide
3-kinase (PI3K)-Akt signaling pathway and Forkhead box O (FoxO) signaling pathway might be the
key pathways for autophagy to play a role in AP. Finally, we constructed a IncRNA-miRNA-mRNA
regulatory network. An upregulated IncRNA competitively binds to 13 miRNAs to regulate 6
autophagy genes, and a IncRNA-miRNA-mRNA regulatory network in which 2 downregulated
IncRNAs competitively bind to 7 miRNAs to regulate 2 autophagy genes. m6A modification-
related IncRNA Pvt1, IncRNA Meg3 and IncRNA AW112010 may mediate the IncRNA-miRNA-
mRNA network, thereby regulating autophagy to affect the development of AP.
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Introduction

Acute pancreatitis (AP), an inflammatory disease of and a mortality rate of less than 1%, 20% of AP will

the pancreas with increasing global incidence, is
the second-highest cause of total hospital stays, the
most significant contributor to aggregate costs, and

turther develop into severe AP accompanied by sys-
temic inflammatory response syndrome and the
subsequent multiple organ dysfunction, including

pancreatic necrosis, which caused approximately

the fifth leading cause of in-hospital deaths.'
10% of mortality.>> Furthermore, up to 18% of AP

Although most patients have a mild course of AP
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patients had a relapse, and about 8% of AP would
further develop into chronic pancreatitis.* Although
great progress has been made in understanding AP,
its pathogenesis has not been fully clarified.

The current paradigm is that pancreatitis initi-
ates in injured acinar cells, the primary exocrine
pancreas cell type.” The data indicate that disor-
dered acinar cell autophagy has been implicated in
AP initiation. Autophagy is the major catabolic
process by which cells eliminate damaged, defec-
tive, or unwanted cytoplasmic organelles, long-
lived proteins, and lipids and recycle their consti-
tuents for energy and biogenesis needs.” In parti-
cular, genetic ablation of the essential autophagy
proteins in pancreatic epithelial cells caused spon-
taneous pancreatitis in mice.> Collectively, main-
tenance of efficient autophagy in acinar cells plays
an important protective role against the onset and
progression of pancreatitis, but the specific
mechanism is not very clear. Exploring the
upstream regulation mechanism of autophagy-
related proteins may be a meaningful direction.

Previous studies have shown that long noncoding
RNA (IncRNA)-microRNA (miRNA)-messenger
RNA (mRNA) network plays a role in the process
of AP."®!" The main way for IncRNA to play its role
is to regulate the expression of autophagy genes
through competing endogenous RNA (ceRNA)
mechanisms.'? There is evidence that the expression
level of IncRNAs is affected by N6-methyladenosine
(m6A) modification, which plays important roles in
physiological and pathological processes.”>™"> As the
new field of “RNA epigenetics” has been booming,
m6A has been identified as a posttranscriptional
regulatory mark in multiple RNA species, IncRNAs
are included, and also, m6A is the most prevalent
internal modification of RNA in eukaryotic cells.'®
Cui et al. found that RNA m6A demethylase FTO-
mediated epigenetic up-regulation of LINC00022
promotes tumorigenesis in esophageal squamous
cell carcinoma.'”” In addition, m6A is highly
enriched on IncRNA THOR transcripts, the specific
m6A readers YTHDF1 and YTHDEF2 can read the
m6A motifs and regulate the stability of the IncRNA
THOR (stabilization and decay), and the internal
m6A modification of the IncRNA THOR regulates
the proliferation of cancer cells.'® Interestingly, m6A
modification of circRNAs may participate in severe
AP progression by regulating circRNA-miRNA
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networks."”” However, the IncRNA-mediated
ceRNA regulatory network in AP is rarely studied.
Therefore, exploring the IncRNA-miRNA-mRNA
network mediated by m6A modification in AP may
be an innovative direction.

So, based on the transcriptome RNA sequen-
cing data set in Gene Expression Omnibus
(GEO) database, we explored the molecular
mechanism of m6A modification mediated
IncRNA-miRNA-mRNA network regulating
autophagy and affecting AP progression through
bioinformatics analysis. This project aims to
further explore the molecular mechanism of
m6A modification and ceRNA network in regu-
lating autophagy and provide new targets for
diagnosing and treating AP.

Materials and methods
Data sources and downloads

From the GEO database (https://www.ncbi.nlm.
nih.gov/gds), three RNA-seq datasets of pancrea-
tic tissue from mice with AP were downloaded.
GSE3644 contained three pancreatic tissue sam-
ples from control mice and three pancreatic tis-
sue samples from mice with AP, GSE109227
contained four pancreatic tissue samples from
control mice and four pancreatic tissue samples
from mice with AP, and GSE121038 contained
five pancreatic tissue samples from control mice
and six pancreatic tissue samples from mice with
AP. Due to the availability of public data in the
GEO database, this study does not require ethical
approval or informed consent.

Multi-dataset merging and batch effect removal

Heterogeneity and latent variables are now widely
recognized as major sources of bias and variability
in high-throughput experiments. The most well-
known source of latent variation in genomic
experiments is batch effects - when samples are
processed on different days, in different groups or
by different people. The “sva” package supports
surrogate variable estimation with the sva function,
direct adjustment for known batch effects with the
ComBat function.
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In this study, three RNA-seq datasets GSE3644,
GSE109227 and GSE121038 of pancreatic tissues of
mice with AP were merged based on the common
genes. Then, we used “sva” package to identify,
estimate and remove unwanted sources of variation
in the three datasets.

Gene differential expression analysis and heatmap
drawing

Limma is an R/Bioconductor software package that
provides an integrated solution for analyzing data
from gene expression experiments. Differentially
expressed genes in the merged dataset were identi-
fied using the “limma” package in R software, with
p < .05 as the threshold. Then, the heatmap was
drawn by the “pheatmap” package in R software.

Correlation analysis

Correlations between gene expression levels may
indicate regulatory relationships. In order to clarify
the association between m6A modification and
IncRNA in AP, the correlation between m6A
genes and IncRNAs expression was further ana-
lyzed based on the merged dataset. Pearson method
was used to analyze the correlation between the
expression of 15 m6A genes and 32 IncRNAs,
with p < .05 set as the threshold. All analyses were
performed by the “corrplot” package in R software.

AP and autophagy-related gene retrieval

The search was performed by entering the search
word “acute pancreatitis” in GeneCards database
(https://www.genecards.org/) and CTD database
(http://ctdbase.org/), take relevance score 210 and
inference score 210 as the thresholds, respectively,
and select the genes that meet the conditions. Enter
the search word “autophagy” into the HADD
Database (http://www.autophagy.lu/index.html)
and download all Autophagy genes.

Prediction of IncRNA-miRNA-mRNA binding
relationship

The upstream miRNAs of the 21 candidate autop-
hagy genes were predicted through TargetScan
(http://www.TargetScan.org/vert_71/) and miRDB

(http://www.miRDB.org/) databases. The screening
standard of the TargetScan database was context ++
score <—0.20, and that of miRDB database was
target score 280. The miRNAs binding to the nine
candidate IncRNAs were predicted via DIANA
TOOLS (http://diana.imis.athena-innovation.gr/
DianaTools/index.php). The species selected in
the above databases were limited to “mice.”

Acquisition of intersected IncRNA/miRNA/gene

In this part, 28 IncRNAs were intersected with
differentially expressed IncRNAs in AP to obtain
candidate IncRNAs using jvenn tools (http://www.
bioinformatics.com.cn/static/others/jvenn/exam
ple.html). The differentially expressed genes in AP
were intersected with the screening results of
GeneCards and CTD databases to obtain disease
genes. The candidate autophagy genes were
obtained by the intersection of disease genes and
autophagy genes. In addition, the screening results
of the TargetScan and miRDB database were inter-
sected to obtain the targeted binding miRNAs of
each candidate autophagy gene. Key miRNAs were
obtained by the intersection of targeted binding
miRNAs of candidate autophagy genes and
miRNAs bound by IncRNAs.

Gene functional enrichment analysis

GO and KEGG enrichment analyses were per-
formed on 21 autophagy genes using the
“clusterProfiler” package in R software, with
p < .05 set as the threshold. GO consists of three
parts: biological process (BP), cellular component
(CC) and molecular function (MF). The top 10
items of the three parts were selected respectively
for drawing. KEGG enrichment is displayed with
p < .05 as significant enrichment, and the top 30
were selected for drawing.

Network visualization

Based on the correlation between IncRNA and m6A
gene expression, m6A-IncRNA networks of nine
candidate IncRNAs and related m6A genes were
constructed using Cytoscape software (v3.8.0) and
displayed in circle graphs according to the degree
value (the number of connections between each
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node and other nodes). The regulatory networks of
upregulated or downregulated candidate autophagy
genes and their targeted binding miRNAs were
constructed, respectively, and IncRNA-miRNA-
mRNA regulatory networks mediated by upregu-
lated or downregulated IncRNAs were constructed,
respectively.

Results
Bioinformatics technology screening process

Based on bioinformatics methods, this project
screened the molecular mechanism of m6A mod-
ification-related IncRNA-miRNA-mRNA network
in regulating autophagy and affecting the develop-
ment of AP. The screening process is as follows:
multiple datasets related to AP were retrieved in the
GEO database and merged after batch effect
removal. The expression profile of m6A was
derived from the merged dataset, and the
IncRNAs significantly related to m6A were
screened through correlation analysis. The m6A-
related IncRNAs differentially expressed in AP were
further screened as candidate IncRNA.
Furthermore, the differentially expressed genes in
the merged dataset were intersected with the AP-
related genes screened from GeneCards and CTD
databases to obtain disease genes. The above dis-
ease genes were intersected with the autophagy
genes obtained from autophagy-related databases
to obtain candidate autophagy genes. GO and
KEGG enrichment analyses were performed on
candidate autophagy genes to determine key path-
ways for autophagy to play a role in AP. Finally, we
categorized the candidate autophagy genes and
candidate IncRNAs into two types: upregulation
and downregulation. We predicted the common
miRNAs through TargetScan, miRDB and
DIANA TOOLS databases, and constructed an
upregulated and a downregulated IncRNA-
miRNA-mRNA regulatory network, respectively
(Figure 1).

Batch effect removal and data merging

To increase the sample data related to AP as much
as possible and improve the accuracy of analysis
results, we screened three RNA-seq datasets of
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pancreatic tissue of mice with AP through the
GEO database, namely GSE3644, GSE109227 and
GSE121038. The above three datasets were all AP
models constructed through caerulein injection
into C57BL6 mice, and the pancreatic tissue was
used for transcriptome RNA-seq after 3-9 h. We
used the combat function of “sva” package in
R software to remove the batch effect. Before
batch effect removal, the distribution of each sam-
ple data did not intersect (Figure 2A). After batch
effect removal, each sample data was evenly cross-
distributed, indicating a good batch effect removal
(Figure 2B). After the three datasets were merged
and the batch effect was removed, common genes
were obtained and differential analysis was carried
out with p < .05 as the threshold. As a result, 5089
differentially expressed genes were screened
(Figure 2C), and the heatmap was drawn
(Figure 2D). Subsequent screening of IncRNA and
autophagy genes would be performed based on this
merged dataset.

Screening of m6A-related IncRNAs

We screened the expression profiles of 15 known
m6A genes from the merged dataset, namely
Mettl3, Wtap, Rbm1l5, Ythdcl, Ythdfl, Ythdf2,
Ythdf3, Hnrnpc, Fmrl, Lrpprc, Igfbp2, Igfbp3,
Rbmx, Fto and Alkbh5. In addition, we screened
the expression profiles of 32 IncRNAs from the
merged dataset (Figure 3A). Pearson method was
used to analyze the correlation between the
expression of 15 m6A genes and 32 IncRNAs,
with p < .05 set as the threshold. We screened 28
IncRNAs that were significantly correlated with
mo6A genes, and four IncRNAs with no significant
correlation were deleted (Figure 3B). Further, the
28 IncRNAs were intersected with differentially
expressed genes in AP to obtain 9 candidate
IncRNAs (Figure 3C). Finally, we constructed
a m6A-IncRNA network of the nine candidate
IncRNAs and related m6A genes through
Cytoscape software. The correlation analysis
results are detailed in Supplementary Table 1.
According to the arrangement of degree value
(the number of connections between each node
and other nodes), the IncRNAs related to m6A
modification were BC006965, 2010204K13Rik,
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Figure 1. The flow chart of m6A modification-related IncRNA-miRNA-mRNA network in regulating autophagy and affecting the

development of AP screened through bioinformatics technology.

B130024G19Rik, Pvtl, 1110035H17Rik,
AW112010, C130036L24Rik, Gm1976 and Meg3,
successively. In addition, YthdfI, Ythdf2 and Fto
may be the main genes affecting m6A modification
of IncRNAs in AP (Figure 3D).

Screening and functional enrichment analysis of
autophagy genes

Previously, we have screened 5089 differentially
expressed genes in the merged dataset. We further
searched for AP-related genes in combination with
online databases. A total of 748 genes were screened
in the GeneCards database with a relevance score
>10 as the threshold, and 14815 genes were
screened in the CTD database with an inference
score 210 as the threshold. After the intersection
of the above three, 224 disease genes were obtained
(Figure 4A). A total of 222 autophagy genes were
obtained from the HADb database, and 21

candidate autophagy genes were obtained via the
intersection of 224 disease genes and 222 autop-
hagy genes (Figure 4B). The association between
the 21 candidate autophagy genes and the disease is
shown in Supplementary Table 2.

We further analyzed the functional enrichment
of the 21 candidate autophagy genes to identify the
main pathways for autophagy to play a role in AP.
The results of GO analysis showed that they were
mainly enriched in MF such as protein binding
(GO: 0005515), ubiquitin-protein ligase binding
(GO: 0031625), protein heterodimerization activity
(GO: 0046982), in CC such as cytoplast (GO:
0005737), cytosol (GO: 0005829) and autophago-
some (GO: 0005776) and in BP including autop-
hagy (GO: 0006914), apoptotic process (GO:
0006915) and autophagy of mitochondrion (GO:
0000422) (Figure 4C). KEGG analysis revealed
that in addition to autophagy or apoptosis-related
pathways (Figure 4D). These results further verified
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Figure 2. Multi-dataset merging and batch effect removal. (A) Sample distribution of three RNA-seq datasets before batch effect
removal. A, sample distribution of three RNA-seq datasets before batch effect removal. (B) Sample distribution of three RNA-seq
datasets after batch effect removal. (C) The volcano map of differential analysis of the merged dataset, red represents upregulation,
green represents downregulation, black represents insignificant difference. (D) The heatmap of differential analysis of the merged
datasets GSE3644 (control = 3, AP = 3), GSE109227 (control = 4, AP = 4), GSE121038 (control = 5, AP = 6).

the representativeness of these 21 genes in
autophagy.

In addition, the results of KEGG analysis also
showed the top signaling pathways, with PI3K-Akt
signaling pathway (path: mmu04151) and FoxO
signaling pathway (path: mmu04068) ranking the
top (Figure 4D). Combined with literature evi-
dence, PI3K-Akt-mTOR pathway may be involved
in AP progression by inhibiting autophagy.*®*'
Nuclear FoxOs transactivate genes that control the
formation of autophagosomes and their fusion with
lysosomes. Independently of transactivation, cyto-
solic FoxO proteins induce autophagy by directly

interacting with autophagy proteins.”> In general,
we believe that the PI3K-Akt signaling pathway and
FoxO signaling pathway may be the main pathways
for autophagy genes to play a role in AP.

Screening of upstream miRNAs of autophagy genes

We then predicted miRNAs binding to 21 candi-
date autophagy genes through online databases.
The screening standard of the TargetScan database
was context ++ score <—0.20, and that of miRDB
database was target score 280. The prediction
results of TargetScan and miRDB databases were
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decreased clockwise from Ythdf1. Red represents upregulation, green represents downregulation, the square represents m6A genes,
the triangle represents upregulated IncRNAs, and V-shape represents downregulated IncRNAs.

intersected to obtain the miRNAs bound by each
autophagy gene. The 21 candidate autophagy genes
were grouped into 16 upregulated and 5 downre-
gulated genes, shown separately in Figure 5.
Furthermore, the miRNA-mRNA networks were
constructed for upregulated and downregulated
genes and their targeted binding miRNAs through
Cytoscape software. The results showed that Sirtl,
Hspa5 and Rela had commonly targeted binding
miRNAs in the miRNA-mRNA network con-
structed using upregulated autophagy genes.
Vegfa, Tscl, Itgbl, Fos, Myc and Rafl shared
a regulatory network in the same regulatory net-
work, and ErbB2 and Ccl2 shared a regulatory net-
work (Figure 6). There was no common targeted
binding miRNA in the miRNA-mRNA network
constructed by downregulated autophagy genes,

and PTEN could target bind to the largest number
of miRNAs (Figure 7).

Construction of m6A related IncRNA-mediated
IncRNA-miRNA-mRNA network regulating
autophagy in AP

Similar to candidate autophagy genes, nine candi-
date IncRNAs were also categorized into one upre-
gulated IncRNA and eight downregulated IncRNAs.
miRNAs binding to the IncRNAs were predicted
through the DIANA TOOLS database. The upregu-
lated miRNAs and miRNAs predicted by upregu-
lated autophagy genes were intersected, and the
downregulated miRNAs and miRNAs predicted by
downregulated autophagy genes were intersected.
The IncRNA-miRNA-mRNA regulatory networks
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mediated by the upregulated and downregulated
IncRNAs were constructed, respectively (Figure 8).
So far, we believe that m6A modification may med-
iate the upregulation of IncRNA Pvtl expression in
AP. Through competitive binding with mmu-miR
-139-5p, mmu-miR-15a-5p, mmu-miR-15b-5p,
mmu-miR-16-5p, mmu-miR-221-3p, mmu-miR
-25-3p, mmu-miR-29b-3p, mmu-miR-30a-5p,
mmu-miR-30d-5p, mmu-miR-30e-5p, mmu-miR
-34a-5p, mmu-miR-350-3p and mmu-miR-7a-5p,
IncRNA Pvtl could remove the targeted inhibitory
effects of the miRNAs on Tscl, Rafl, Sirtl, Hspa5,
Vegfa and Fos. m6A modification in AP may med-
iate the downregulation of IncRNA Meg3 and
IncRNA AW112010 expression. Through competi-
tive binding to mmu-miR-25-3p, mmu-miR-26a-5p,
mmu-miR-26b-5p, mmu-miR-29¢-3p, mmu-miR
-7a-5p, mmu-miR-29a-3p and mmu-miR-99a-5p,
IncRNA Meg3 and IncRNA AW112010 could
remove the targeted inhibitory effects of the
miRNAs on Parpl and Pten. The above two
ceRNA regulatory networks may further regulate
autophagy, affecting the disease process.

Discussion

AP is one of the first pathological processes where
autophagy has been described in human tissue. Here,
we found that the PI3K-Akt signaling pathway and
FoxO signaling pathway may be the main pathways
for autophagy genes to play a role in AP. And m6A
modification-related IncRNA Pvtl, IncRNA Meg3
and IncRNA AW112010 may mediate the IncRNA-
miRNA-mRNA network, thereby regulating autop-
hagy to affect the development of AP.

Bioinformatics is a new subject of genetic data
collection, analysis and dissemination to the
research community. Through the comprehensive
utilization of biology, computer science, and infor-
mation technology, bioinformatics reveals the bio-
logical mysteries endowed by many complex
biological data, mainly focusing on genomics and
proteomics. Bioinformatics analysis has been
applied to the research of various diseases to reveal
the possible molecular mechanism of the disease
process and screen disease diagnosis, treatment and
prognostic markers.”>>® For example, Gan et al.
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Figure 6. The regulatory network of 16 upregulated candidate autophagy genes and their targeted binding miRNAs. Red represents
upregulation, the square represents genes, the ellipse represents miRNAs.

explored the clinical value and prospective pathway
signaling of microRNA-375 in lung adenocarci-
noma based on the cancer genome atlas (TCGA),
GEO and bioinformatics analysis.”” More impor-
tantly, many studies have obtained key miRNAs,
genes or pathways through bioinformatics analysis,
verified in subsequent experiments.”*° Such as,
through Gene Set Enrichment Analysis (GSEA)
and the co-expression network establishment,
further quantitative reverse transcription-
polymerase chain reaction (RT-PCR) analysis con-
tributed to examining the expression levels of
IncRNA TINCR, miR-107 and CD36, then the
dual luciferase assay was used to validate the asso-
ciation between miR-107 and IncRNA TINCR or
CD36. Finally, a regulatory function of the IncRNA
TINCR/miR-107/CD36 axis in CRC was revealed.”"
Therefore, this project explored the ceRNA
mechanism upstream of autophagy-related genes
through bioinformatics analysis methods and

constructed IncRNA-miRNA-mRNA network,
which provides a significant reference value for
subsequent in vivo and in vitro experiments.

A total of 21 candidate autophagy genes were
screened in this project. The gene function enrich-
ment analysis results showed that the above candi-
date autophagy genes were mainly enriched in
PI3K-Akt and FoxO signaling pathways. The
study found that abdominal paracentesis drainage
attenuates severe AP by enhancing cell apoptosis
via the PI3K-Akt signaling pathway.’
Wortmannin, PI3K-Akt signaling pathway inhibi-
tor, attenuates severe AP in rats.”>** Besides, FoxO
emerges as a key factor for maintaining a functional
endocrine pancreas. The FoxO/Bcl6/cyclin D2
pathway regulates cell cycle control in pancreatic
beta-cells.”> And a constitutively active form of
FoxO3 also induced autophagy, suggesting FoxO3
as a downstream target of the PI3K pathway for
autophagy inhibition.’® Based on the above
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evidence, we believe that PI3K-Akt and FoxO sig-
naling pathways may be the main pathways of the
autophagy gene in AP.

Recently, the new field of “RNA epigenetics” has
been booming, and N6-methyladenosine (m6A)
has been identified as a posttranscriptional regula-
tory mark in multiple RNA species.’” The evidence
showed that abnormal m6A methylation plays
a significant role in the process of numerous
diseases,”® ™’ and m6A modification of circRNAs
may be involved in the pathogenesis of severe AP."”
Therefore, we speculate that m6A modification of
IncRNA may also play a role in the AP progression.
This study proposed for the first time that m6A
modification in AP may mediate the upregulation
of IncRNA Pvt1 expression and the downregulation
of IncRNA Meg3 and IncRNA AW112010 expres-
sion. Consistent with the above, other studies have
also found that m6A modification of IncRNA Pvtl
governs epidermal stemness,’ and ALKBHS5-
mediated m6A modification of IncRNA Pvtl plays
an oncogenic role in osteosarcoma.** In addition,
m6A-induced IncRNA Meg3 suppresses hepatocel-
lular carcinoma cell’s proliferation, migration, and
invasion.”> However, no studies have shown that
m6A modification of IncRNA AW112010 plays
a role in the pathological process, which is the
direction we can continue to explore.

ceRNA are transcripts that can regulate each
other at the post-transcription level by competing
for shared miRNAs. ceRNA networks link the func-
tion of protein-coding mRNAs with non-coding
RNAs such as microRNA, long non-coding RNA,
pseudogenic RNA and circular RNA.** Some pro-
gress has been made in the research of ceRNA in
AP.'”'" In this study, ceRNA regulatory networks
of three IncRNAs have been constructed to clarify
the downstream key genes, which also connect the
function of IncRNA and autophagy. We found that
through ceRNA regulatory networks, IncRNA Pvtl
may regulate the expression of Tscl, Rafl, Sirtl,
Hspa5, Vegfa and Fos, IncRNA Meg3 and IncRNA
AW112010 may regulate the expression of Parpl
and Pten. These key genes may be important targets
to intervene in autophagy in AP.

Tscl and other genes are closely related to autop-
hagy and play a certain role in AP. Mechanistically,
Tscl deficiency led to autophagy suppression*> and
a direct connection between Raf-1 activation and
cellular autophagy.”® Rong Y et al. found that
resveratrol can protect rats against SAP by activat-
ing the Sirtl1-FoxO1 axis,”” consistent with the key
pathways found in this project. The activation of
the Sirtl-autophagy signaling pathway alleviates
AP.*® Research shows that more severe chronic
pancreatitis is associated with significantly
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increased Hspa5 mRNA levels.*’ Crosstalk between
Hspa5 arginylation and sequential ubiquitination
leads to AKT degradation through autophagy
flux.”® In addition, the increased immunohisto-
chemical expression of Vegfa can play an important
role in tracking the evolution and pathology of
AP." Several studies have shown that Vegfa is
closely related to autophagy.”>>* Overexpression
of c¢-Fos increased the Beclinl-induced
autophagy.” Ultimately, Parpl is a key regulator
of cell death. Its inhibition prevented streptozoto-
cin-induced diabetes and attenuated caerulein-
induced AP.>® The targeted inhibition of Pten
expression in AP can induce acinar cell apoptosis
and inhibit inflammatory response.”” Pten phos-
phorylation promotes its nuclear translocation
and autophagy, but the role of Pten in acinar cell
autophagy is not clear.”® In general, some studies
have shown the potential function of the above key
genes in AP.

In addition to the above eight genes (Tsc1, Rafl,
Sirtl, Hspa5, Vegfa, Fos, Parpl and Pten) in the
ceRNA regulatory network, other autophagy-
related genes also have certain functions in AP,
but may not be affected by m6A modification, nor
through the regulation of ceRNA. For example,
inhibition of Racl decreases the severity of pan-
creatitis and pancreatitis-associated lung injury in
mice.”” Cathepsin B (Ctsb) aggravates AP by acti-
vating the NLRP3 inflammasome and promoting
the caspase-1-induced pyroptosis.”” mTOR-Myc
axis drives acinar-to-dendritic cell transition and
the CD4+ T cell immune response in AP.®" More
importantly, the three key IncRNAs may also com-
bine with other miRNAs to regulate the expression
of autophagy genes and participate in the occur-
rence and development of AP. Hu et al. Found
IncRNA Pvtl aggravates severe AP by promoting
autophagy via the miR-30a-5p/Beclin-1 axis.®
IncRNA Meg3 participates in caerulein-induced
inflammatory injury in human pancreatic cells via
regulating miR-195-5p/FGFR2 axis and inactivat-
ing NF-kappaB pathway.®” The above evidence
shows that although the conclusion of this study
lacks in vitro and in vivo experimental verification
which is a certain limitation, it is obvious that the
ceRNA regulatory network constructed in this pro-
ject also references future mechanism research and
brings good theoretical guidance value.

Based on the above evidence, we conclude that
m6A modification-related IncRNA Pvtl, IncRNA
Meg3 and IncRNA AW112010 may mediate the
IncRNA-miRNA-mRNA network to regulate
autophagy and further affect the development of
AP. This provides new clues for further exploring
the specific mechanism of the occurrence and
development of AP and provides a new theoretical
basis for screening markers for the diagnosis and
treatment of AP. The following work will further
carry out experiments in vivo and in vitro to verify
the above molecular mechanisms.

Acknowledgments

The authors would like to acknowledge the helpful comments
on this paper received from the reviewers.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by the projects of the Natural
Science Foundation of Hunan Province(No.2021J]J70018),
China Foundation for International Medical Communication
(Z-2018-35-2001) and the Education Department of Hunan
Province (20C1133).

ORCID

Zhanhong Tang (2 http://orcid.org/0000-0002-5782-5826

References

1. Lankisch PG, Apte M, Banks PA. Acute pancreatitis.
Lancet. 2015;386(9988):85-96. d0i:10.1016/S0140-
6736(14.

2. Mederos MA, Reber HA, Girgis MD. Acute pancreatitis: a
review. JAMA. 2021;325(4):382-390. doi:10.1001/jama.
2020.20317.

3. Lee PJ, Papachristou GI. New insights into acute
pancreatitis. Nat Rev Gastroenterol Hepatol. 2019;16
(8):479-496. d0i:10.1038/s41575-019-0158-2.

4. Boxhoorn L, Voermans RP, Bouwense SA, Bruno M]J,
Verdonk RC, Boermeester MA, van Santvoort HC,
Besselink MG. Acute pancreatitis. Lancet. 2020;396
(10252):726-734. doi:10.1016/S0140-6736(20.

5. Gj W, Cf G, Wei D, Wang C, SQ D. Acute pancreatitis:

common World

etiology and pathogenesis.


https://doi.org/10.1016/S0140-6736(14
https://doi.org/10.1016/S0140-6736(14
https://doi.org/10.1001/jama.2020.20317
https://doi.org/10.1001/jama.2020.20317
https://doi.org/10.1038/s41575-019-0158-2
https://doi.org/10.1016/S0140-6736(20

10.

11.

12.

13.

14.

15.

16.

] Gastroenterol. 2009;15(12):1427-1430. doi:10.3748/
wjg.15.1427.

. Mareninova OA, Jia W, Gretler SR, Holthaus CL,

Thomas DDH, Pimienta M, Dillon DL, Gukovskaya AS,
Gukovsky I, Groblewski GE. Transgenic expression of
GFP-LC3 perturbs autophagy in exocrine pancreas and
acute pancreatitis responses in mice. Autophagy. 2020;16
(11):2084-2097. doi:10.1080/15548627.2020.1715047.

. Parzych KR, Klionsky DJ. An overview of autophagy:

morphology, mechanism, and regulation. Antioxid Redox
Signal. 2014;20(3):460-473. doi:10.1089/ars.2013.5371.

. Gukovsky I, Gukovskaya AS. Impaired autophagy trig-

gers chronic pancreatitis: lessons from pancreas-specific
atg5 knockout mice. Gastroenterology. 2015;148
(3):501-505. doi:10.1053/j.gastro.2015.01.012.

. Mareninova OA, Sendler M, Malla SR, Yakubov I,

French SW, Tokhtaeva E, Vagin O, Oorschot V,
Lullmann-Rauch R, Blanz J, et al. Lysosome associated
membrane proteins maintain pancreatic acinar cell
homeostasis: LAMP-2 deficient mice develop
pancreatitis. Cell Mol Gastroenterol Hepatol. 2015;1
(6):678-694. doi:10.1016/j.jcmgh.2015.07.006.

Wang B, Wu ], Huang Q, Yuan X, Yang Y, Jiang W,
Wen Y, Tang L, Sun H. Comprehensive analysis of
differentially expressed IncRNA, circRNA and mRNA
and their ceRNA networks in mice with severe acute
pancreatitis. Front Genet. 2021;12:625846. doi:10.3389/
fgene.2021.625846. PMID: 33584827.

Sheng B, Zhao L, Zang X, Zhen J, Liu Y, Bian W,
Chen W. Quercetin inhibits caerulein-induced acute
pancreatitis through regulating miR-216b by targeting
MAP2K6 and NEATI. Inflammopharmacology.
2021;29(2):549-559. d0i:10.1007/510787-020-00767-7.
Qi X, Zhang DH, Wu N, Xiao JH, Wang X, Ma W.
ceRNA in cancer: possible functions and clinical
implications. ] Med Genet. 2015;52(10):710-718.
doi:10.1136/jmedgenet-2015-103334.

Hu X, Peng WX, Zhou H, Jiang ], Zhou X, Huang D,
Mo YY, Yang L. IGF2BP2 regulates DANCR by serving
as an N6-methyladenosine reader. Cell Death Differ.
2020;27(6):1782-1794. doi:10.1038/s41418-019-0461-z.
Yu X, Dong P, Yan Y, Liu F, Wang H, Lv Y, Song M,
Yao Q, Hu S. Identification of N6-methyladenosine-
associated long non-coding RNAs for immunothera-
peutic response and prognosis in patients with pancrea-
tic cancer. Front Cell Dev Biol. 2021;9:748442. doi:10.
3389/fcell.2021.748442. PMID: 34621754.

Chen JQ, Tao YP, Hong YG, Li HF, Huang ZP, Xu XF,
Zheng H, Hu LK. M(6)A-mediated up-regulation of
LncRNA LIFR-ASI1 enhances the progression of pancreatic
cancer via miRNA-150-5p/ VEGFA/AKkt signaling. Cell
Cycle. 2021;20(23):2507-2518. doi:10.1080/15384101.
2021.1991122. PMID: 34658294

He L, Li H, Wu A, Peng Y, Shu G, Yin G. Functions of
N6-methyladenosine and its role in cancer. Mol Cancer.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

ISLETS (&) 197

2019;18(1):176. doi:10.1186/s12943-019-1109-9. PMID:
31801551

Cui Y, Zhang C, Ma S, Li Z, Wang W, Li Y, Ma Y,
Fang ], Wang Y, Cao W, et al. RNA m6A demethylase
FTO-mediated epigenetic up-regulation of LINC00022
promotes tumorigenesis in esophageal squamous cell
carcinoma. ] Exp Clin Cancer Res. 2021;40(1):294.
doi:10.1186/s13046-021-02096-1. PMID: 34544449.

Liu H, Xu Y, Yao B, Sui T, Lai L, Li Z. A novel
N6-methyladenosine (m6A)-dependent fate decision for
the IncRNA THOR. Cell Death Dis. 2020;11(8):613.
doi:10.1038/s41419-020-02833-y. PMID: 32792482

Wu ], Yuan XH, Jiang W, Lu YC, Huang QL, Yang Y,
Qie HJ, Liu JT, Sun HY, Tang L]. Genome-wide map of
N(6)-methyladenosine circular RNAs identified in mice
model of severe acute pancreatitis. World
] Gastroenterol. 2021;27(43):7530-7545. do0i:10.3748/
Wijg.v27.i43.7530. PMID: 34887647

Cui LH, Li CX, Zhuo YZ, Yang L, Cui NQ, Zhang SK.
Saikosaponin d ameliorates pancreatic fibrosis by inhi-
biting autophagy of pancreatic stellate cells via PI3K/
Akt/mTOR  pathway. Chem  Biol Interact.
2019;300:18-26. d0i:10.1016/j.cbi.2019.01.005.

Wen E, Xin G, Su W, Li S, Zhang Y, Dong Y, Yang X,
Wan C, Chen Z, Yu X, et al. Activation of TLR4 induces
severe acute pancreatitis-associated spleen injury via
ROS-disrupted mitophagy pathway. Mol Immunol.
2022;142:63-75. doi:10.1016/j.molimm.2021.12.012.
PMID: 34965485.

The FoxO-Autophagy CZ. Axis in health and disease.
Trends Endocrinol Metab. 2019;30(9):658-671. doi:10.
1016/j.tem.2019.07.009. PMID: 31443842

Chen L, Zhang YH, Lu G, Huang T, Cai YD. Analysis of
cancer-related IncRNAs using gene ontology and KEGG
pathways. Artif Intell Med. 2017;76:27-36. d0i:10.1016/
j-artmed.2017.02.001. PMID: 28363286.

Li D, Hao X, Song Y. Identification of the key
microRNAs and the miRNA-mRNA regulatory path-
ways in prostate cancer by bioinformatics methods.
Biomed Res Int. 2018;2018:6204128. doi:10.1155/2018/
6204128. PMID: 30027097.

Cao ], Dong R, Jiang L, Gong Y, Yuan M, You J,
Meng W, Chen Z, Zhang N, Weng Q, et al. LncRNA-
MM2P Identified as a modulator of macrophage m2
polarization. Cancer Immunol Res. 2019;7(2):292-305.
doi:10.1158/2326-6066.CIR-18-0145. PMID: 30459152.
Wei C, Liang Q, Li X, Li H, Liu Y, Huang X, Chen X,
Guo Y, Li J. Bioinformatics profiling utilized a nine
immune-related long noncoding RNA signature as
a prognostic target for pancreatic cancer. ] Cell
Biochem. 2019;120(9):14916-14927. doi:10.1002/jcb.
28754. PMID: 31016791

Gan TQ, Chen WJ, Qin H, Huang SN, Yang LH,
Fang YY, Pan LJ, Li ZY, Chen G. Clinical value and
prospective pathway signaling of microRNA-375 in


https://doi.org/10.3748/wjg.15.1427
https://doi.org/10.3748/wjg.15.1427
https://doi.org/10.1080/15548627.2020.1715047
https://doi.org/10.1089/ars.2013.5371
https://doi.org/10.1053/j.gastro.2015.01.012
https://doi.org/10.1016/j.jcmgh.2015.07.006
https://doi.org/10.3389/fgene.2021.625846
https://doi.org/10.3389/fgene.2021.625846
https://doi.org/10.1007/s10787-020-00767-7
https://doi.org/10.1136/jmedgenet-2015-103334
https://doi.org/10.1038/s41418-019-0461-z
https://doi.org/10.3389/fcell.2021.748442
https://doi.org/10.3389/fcell.2021.748442
https://doi.org/10.1080/15384101.2021.1991122
https://doi.org/10.1080/15384101.2021.1991122
https://doi.org/10.1186/s12943-019-1109-9
https://doi.org/10.1186/s13046-021-02096-1
https://doi.org/10.1038/s41419-020-02833-y
https://doi.org/10.3748/wjg.v27.i43.7530
https://doi.org/10.3748/wjg.v27.i43.7530
https://doi.org/10.1016/j.cbi.2019.01.005
https://doi.org/10.1016/j.molimm.2021.12.012
https://doi.org/10.1016/j.tem.2019.07.009
https://doi.org/10.1016/j.tem.2019.07.009
https://doi.org/10.1016/j.artmed.2017.02.001
https://doi.org/10.1016/j.artmed.2017.02.001
https://doi.org/10.1155/2018/6204128
https://doi.org/10.1155/2018/6204128
https://doi.org/10.1158/2326-6066.CIR-18-0145
https://doi.org/10.1002/jcb.28754
https://doi.org/10.1002/jcb.28754

198 X. LI ET AL.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

lung adenocarcinoma: a study based on the cancer gen-
ome atlas (TCGA), gene expression omnibus (GEO)
and bioinformatics analysis. Med Sci Monit.
2017;23:2453-2464. doi:10.12659/msm.901460. PMID:
28533502.

Liang Y, Song X, Li Y, Chen B, Zhao W, Wang L,
Zhang H, Liu Y, Han D, Zhang N, et al. LncRNA
BCRT1 promotes breast cancer progression by targeting
miR-1303/PTBP3 axis. Mol Cancer. 2020;19(1):85.
doi:10.1186/512943-020-01206-5. PMID: 32384893.

Xu C, Zheng H, Liu T, Zhang Y, Feng Y. Bioinformatics
analysis identifies CSFIR as an essential gene mediating
Neuropathic pain - experimental research Int J Surg .
2021;95(2):106140. PMID: 34628075. doi:10.1016/j.ijsu.
2021.106140.

Hsu CC, Chiang CW, Cheng HC, Chang WT, Chou CY,
Tsai HW, Lee CT, Wu ZH, Lee TY, Chao A, et al.
Identifying LRRC16B as an oncofetal gene with trans-
forming enhancing capability using a combined bioin-
formatics and experimental approach. Oncogene.
2011;30(6):654-667. doi:10.1038/0nc.2010.451. PMID:
21102520.

Zhang X, Yao ], Shi H, Gao B, LncRNA ZL. TINCR/
microRNA-107/CD36 regulates cell proliferation and
apoptosis in colorectal cancer via PPAR signaling pathway
based on bioinformatics analysis. Biol Chem. 2019;400
(5):663-675. doi:10.1515/hsz-2018-0236. PMID: 30521471
Luo C, Huang Q, Yuan X, Yang Y, Wang B, Huang Z,
Tang L, Sun H. Abdominal paracentesis drainage
attenuates severe acute pancreatitis by enhancing cell
apoptosis via PI3K/AKT signaling pathway. Apoptosis.
2020;25(3-4):290-303. doi:10.1007/s10495-020-01597-
2. PMID: 32100210

Xu P, Wang J, Yang ZW, Lou XL, Chen C, Rogers L.
Regulatory roles of the PI3K/Akt signaling pathway in
rats with severe acute pancreatitis. PLoS One. 2013;8(11):
e81767.  doi:10.1371/journal.pone.0081767. ~ PMID:
24312352

Abliz A, Deng W, Sun R, Guo W, Zhao L,
Wortmannin WW. PI3K/Akt signaling pathway inhibi-
tor, attenuates thyroid injury associated with severe
acute pancreatitis in rats. Int ] Clin Exp Pathol. 2015;8
(11):13821-13833. doi: PMID: 26823696

Glauser DA, Schlegel W. The FoxO/Bcl-6/cyclin D2
pathway mediates metabolic and growth factor stimula-
tion of proliferation in Min6 pancreatic beta-cells.
J Recept Signal Transduct Res. 2009;29(6):293-298.
doi:10.3109/10799890903241824. PMID: 19929250

Lee JW, Nam H, Kim LE, Jeon Y, Min H, Ha S, Lee Y,
Kim SY, Lee SJ, Kim EK, et al. TLR4 (toll-like receptor 4)
activation suppresses autophagy through inhibition of
FOXO3 and impairs phagocytic capacity of microglia.
Autophagy. 2019;15(5):753-770. doi:10.1080/15548627.
2018.1556946. PMID: 30523761.

Cao G, Li HB, Yin Z, Flavell RA. Recent advances in
dynamic m6A RNA modification. Open Biol. 2016;6
(4):160003. doi:10.1098/rs0b.160003. PMID: 27249342

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Sun T, Wu R, Ming L. The role of m6A RNA methyla-
tion in cancer. Biomed Pharmacother. 2019;112:108613.
doi:10.1016/j.biopha.2019.108613. PMID: 30784918.
Qin Y, Li L, Luo E, Hou J, Yan G, Wang D, Qiao Y,
Tang C. Role of m6A RNA methylation in cardiovas-
cular disease (Review). Int J Mol Med. 2020;46
(6):1958-1972. d0i:10.3892/ijmm.2020.4746. PMID:
33125109

Zhang C, Fu ], Zhou Y. A review in research progress
concerning m6A methylation and immunoregulation.
Front Immunol. 2019;10(922). do0i:10.3389/fimmu.
2019.00922. PMID: 31080453

Lee J, Wu Y, Harada BT, Li Y, Zhao J, He C, Ma Y,
Wu XN. (6) -methyladenosine modification of IncRNA
Pvtl governs epidermal stemness. EMBO ]. 2021;40(8):
€106276.  doi:10.15252/embj.2020106276. PMID:
33729590

Chen S, Zhou L, Wang Y. ALKBH5-mediated m(6)A
demethylation of IncRNA PVT1 plays an oncogenic role
in osteosarcoma. Cancer Cell Int. 2020;20(34). doi:10.
1186/s12935-020-1105-6. PMID: 32021563

Wu J, Pang R, Li M, Chen B, Huang J, Zhu Y. m6A-
Induced LncRNA MEGS3 suppresses the proliferation,
migration and invasion of hepatocellular carcinoma cell
through miR-544b/BTG2 signaling. Onco Targets Ther.
2021;14:3745-3755. do0i:10.2147/0OTT.S289198. PMID:
34163177.

Tay Y, Rinn ], Pandolfi PP. The multilayered complexity
of ceRNA crosstalk and competition. Nature. 2014;505
(7483):344-352.  doi:10.1038/nature12986. PMID:
24429633

Choi HK, Yuan H, Fang F, Wei X, Liu L, Li Q, Guan JL.
Tscl LF. Regulates the balance between osteoblast and
adipocyte differentiation through autophagy/Notchl/
beta-Catenin cascade. ] Bone Miner Res. 2018;33
(11):2021-2034. doi:10.1002/jbmr.3530. PMID: 29924882
Hma E-F, Hagag NM, El-Shafei RA, Khayri MH, El-
Gedawy G, Maksoud A, Mohamed DD, Mohamed DD,
El Halfawy I, Khoder Al et al. Effective targeting of Raf-1
and its associated autophagy by novel extracted peptide for
treating breast cancer cells. Front Oncol. 2021;11:682596.
doi:10.3389/fonc.2021.682596. PMID: 34513674.

Rong Y, Ren ], Song W, Xiang R, Ge Y, Lu W, Fu T,
Song W, Xiang R, Ge Y, et al. Resveratrol suppresses
severe acute pancreatitis-induced microcirculation dis-
turbance through targeting SIRT1-FOXO1 axis. Oxid
Med Cell Longev. 2021;2021;133(1):8891544. doi:10.
1155/2021/8891544. PMID: 33628394

Chen Q, LiJ, Ma ], Yang X, Ni M, Zhang Y, Li X, Lin Z,
Gong F. Fibroblast growth factor 21 alleviates acute
pancreatitis via activation of the Sirtl-autophagy signal-
ling pathway. J Cell Mol Med. 2020;24(9):5341-5351.
doi:10.1111/jemm.15190. PMID: 32233059

Orekhova A, Geisz A, Sahin-Toth M. Ethanol feeding
accelerates pancreatitis progression in CPA1 N256K
mutant mice. Am J Physiol Gastrointest Liver Physiol.
2020;318(4):G694-G704. doi:10.1152/ajpgi.00007.2020.


https://doi.org/10.12659/msm.901460
https://doi.org/10.1186/s12943-020-01206-5
https://doi.org/10.1016/j.ijsu.2021.106140
https://doi.org/10.1016/j.ijsu.2021.106140
https://doi.org/10.1038/onc.2010.451
https://doi.org/10.1515/hsz-2018-0236
https://doi.org/10.1007/s10495-020-01597-2
https://doi.org/10.1007/s10495-020-01597-2
https://doi.org/10.1371/journal.pone.0081767
https://doi.org/10.3109/10799890903241824
https://doi.org/10.1080/15548627.2018.1556946
https://doi.org/10.1080/15548627.2018.1556946
https://doi.org/10.1098/rsob.160003
https://doi.org/10.1016/j.biopha.2019.108613
https://doi.org/10.3892/ijmm.2020.4746
https://doi.org/10.3389/fimmu.2019.00922
https://doi.org/10.3389/fimmu.2019.00922
https://doi.org/10.15252/embj.2020106276
https://doi.org/10.1186/s12935-020-1105-6
https://doi.org/10.1186/s12935-020-1105-6
https://doi.org/10.2147/OTT.S289198
https://doi.org/10.1038/nature12986
https://doi.org/10.1002/jbmr.3530
https://doi.org/10.3389/fonc.2021.682596
https://doi.org/10.1155/2021/8891544
https://doi.org/10.1155/2021/8891544
https://doi.org/10.1111/jcmm.15190
https://doi.org/10.1152/ajpgi.00007.2020

50.

51.

52.

53.

54.

55.

56.

57.

Kim HJ, Kim SY, Kim DH, Park JS, Jeong SH, Choi YW,
Kim CH. Crosstalk between HSPA5 arginylation and
sequential ubiquitination leads to AKT degradation
through autophagy flux. Autophagy. 2021;17(4):961-979.
doi:10.1080/15548627.2020.1740529. PMID: 32164484
Caluianu EI, Alexandru DO, Tartea EA, Georgescu M,
Mercu TD, Trasca ET, Iancau M. Assessment of T- and
B-lymphocytes and VEGF-A in acute pancreatitis. Rom
J Morphol Embryol. 2017;58(2):481-486. PMID: 28730233
Li X, Hu Z, Shi H, Wang C, Lei J, Cheng Y. Inhibition of
VEGFA increases the sensitivity of ovarian cancer cells
to chemotherapy by suppressing VEGFA-mediated
autophagy. Onco Targets Ther. 2020;13:8161-8171.
doi:10.2147/OTT.S5250392. PMID: 32884298.

Neill T, Chen CG, Buraschi S, Iozzo RV. Catabolic
degradation of endothelial VEGFA via autophagy.
] Biol Chem. 2020;295(18):6064-6079. doi:10.1074/jbc.
RA120.012593. PMID: 32209654

Liang L, Hui K, Hu C, Wen Y, Yang S, Zhu P, Wang L,
Xia Y, Qiao Y, Sun W, et al. Autophagy inhibition
potentiates the anti-angiogenic property of multikinase
inhibitor anlotinib through JAK2/STAT3/VEGFA sig-
naling in non-small cell lung cancer cells. ] Exp Clin
Cancer Res. 2019;38(1):71. doi:10.1186/s13046-019-
1093-3. PMID: 30755242.

Tong X, Chen M, Song R, Zhao H, Bian ], Gu J, Liu Z.
Overexpression of  c-Fos osteoproteg
erin-mediated suppression of osteoclastogenesis by
increasing the Beclinl-induced autophagy. J Cell Mol
Med. 2021;25(2):937-945.  doi:10.1111/jcmm.16152.
PMID: 33277741

Li B, Luo C, Chowdhury S, Gao ZH, Liu JL. Parp1 deficient
mice are protected from streptozotocin-induced diabetes
but not caerulein-induced pancreatitis, independent of the
induction of reg family genes. Regul Pept. 2013;186:83-91.
doi:10.1016/j.regpep.2013.07.005. PMID: 23954400.

Kong L, Wu Q, Zhao L, Ye J, Li N, Yang H. Effect of
microRNA-27a-5p on apoptosis and inflammatory

reverses

58.

59.

60.

61.

62.

63.

ISLETS (&) 199

response of pancreatic acinar cells in acute pancreatitis
by targeting PTEN. ] Cell Biochem. 2019;120
(9):15844-15850.  doi:10.1002/jcb.28855.  PMID:
3110689

Chen JH, Zhang P, Chen WD, Li DD, Wu XQ, Deng R,
Jiao L, Li X, Ji ], Feng GK, et al. ATM-mediated PTEN
phosphorylation promotes PTEN nuclear translocation
and autophagy in response to DNA-damaging agents in
cancer cells. Autophagy. 2015;11:239-252. Autophagy,;
(2):. doi: 10.1080/15548627.2015.1009767. PMID:
25701194.

Binker MG, Binker-Cosen AA, Gaisano HY, Cosen-
Binker LI. Inhibition of Racl decreases the severity of
pancreatitis and pancreatitis-associated lung injury in
mice. Exp Physiol. 2008;93(10):1091-1103. doi:10.1113/
expphysiol.2008.043141. PMID: 18567599

Wang J, Wang L, Zhang X, Xu Y, Chen L, Zhang W,
Liu E, Xiao C, Cathepsin B KQ. aggravates acute pan-
creatitis by activating the NLRP3 inflammasome and
promoting the caspase-l-induced pyroptosis.
Int Immunopharmacol. 2021;94:107496. doi:10.1016/j.
intimp.2021.107496.

Xu D, Xie R, Xu Z, Zhao Z, Ding M, Chen W, Zhang J,
Mao E, Chen E, Chen Y, et al. mTOR-Myc axis drives
acinar-to-dendritic cell transition and the CD4(+) T cell
immune response in acute pancreatitis. Cell Death Dis.
2020;11(6):416. doi:10.1038/s41419-020-2517-x. PMID:
32488108.

Hu F, Tao X, Zhao L, Guo F, Zhou Q, Song H, Xiang H.
LncRNA-PVT1 SD. aggravates severe acute pancreatitis by
promoting autophagy via the miR-30a-5p/Beclin-1 axis.
Am ] Transl Res. 2020;12(9):5551-5562. PMID: 33042437
Chen X, LncRNA SD. MEG3 participates in
caerulein-induced inflammatory injury in human pan-
creatic cells via regulating miR-195-5p/FGFR2 axis and
inactivating NF-kappaB pathway. Inflammation.
2021;44(1):160-173. doi:10.1007/s10753-020-01318-6.
PMID: 32856219


https://doi.org/10.1080/15548627.2020.1740529
https://doi.org/10.2147/OTT.S250392
https://doi.org/10.1074/jbc.RA120.012593
https://doi.org/10.1074/jbc.RA120.012593
https://doi.org/10.1186/s13046-019-1093-3
https://doi.org/10.1186/s13046-019-1093-3
https://doi.org/10.1111/jcmm.16152
https://doi.org/10.1016/j.regpep.2013.07.005
https://doi.org/10.1002/jcb.28855
https://doi.org/10.1080/15548627.2015.1009767
https://doi.org/10.1113/expphysiol.2008.043141
https://doi.org/10.1113/expphysiol.2008.043141
https://doi.org/10.1016/j.intimp.2021.107496
https://doi.org/10.1016/j.intimp.2021.107496
https://doi.org/10.1038/s41419-020-2517-x
https://doi.org/10.1007/s10753-020-01318-6

	Abstract
	Introduction
	Materials and methods
	Data sources and downloads
	Multi-dataset merging and batch effect removal
	Gene differential expression analysis and heatmap drawing
	Correlation analysis
	AP and autophagy-related gene retrieval
	Prediction of lncRNA-miRNA-mRNA binding relationship
	Acquisition of intersected lncRNA/miRNA/gene
	Gene functional enrichment analysis
	Network visualization

	Results
	Bioinformatics technology screening process
	Batch effect removal and data merging
	Screening of m6A-related lncRNAs
	Screening and functional enrichment analysis of autophagy genes
	Screening of upstream miRNAs of autophagy genes
	Construction of m6A related lncRNA-mediated lncRNA-miRNA-mRNA network regulating autophagy in AP

	Discussion
	Acknowledgments
	Disclosure statement
	Funding
	ORCID
	References

