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Abstract: Severe acute pancreatitis (SAP) is a serious abdominal disease associated with increased morbidity and 
high mortality rates. The initial pancreatic injury and inflammatory response, which begins within acinar cells, play 
vital roles in promoting SAP severity. Previous studies have indicated that overactivated autophagy in acinar cells 
increases the risk of SAP. Autophagy is affected by various signaling pathways, partially through long noncoding RNA 
(lncRNA)-PVT1. However, few studies have focused on the effect of lncRNA on autophagy in pancreatitis. Our results 
demonstrate that sodium taurocholate (STC) induces abnormal activation of the autophagic response in pancreatic 
acinar cells in vitro and in vivo. The lncRNA-PVT1 level was significantly upregulated in this process and was capable 
of targeting the miR-30a-5p/Beclin-1-mediated autophagy signaling pathway. Additionally, STC-induced pancreatic 
acinar cells injury and autophagy activation were all abrogated with the downregulation of lncRNA-PVT1 by shRNAs 
in vitro. Furthermore, we confirmed that the lncRNA-PVT1/miR-30a-5p/Beclin-1 axis induces abnormal autophagy 
in the pancreas of SAP rats. Collectively, these results demonstrate that the lncRNA-PVT1/miR-30a-5p/Beclin-1 
axis is a potential target for improving SAP, thus providing a foundation for further development of therapeutics in 
the future.
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Introduction

Severe acute pancreatitis (SAP), a common and 
serious inflammatory disorder, can lead to  
the development of systemic inflammatory 
response syndrome and multiple organ failure 
[1-3]. Because no specific therapy is available 
for SAP, its severe complications and invasive 
interventions result in a mortality rate as high 
as 30% [4, 5]. To date, SAP remains a signifi-
cant and unresolved challenge for clinicians 
due to its complicated pathology and multifac-
torial features [6].

Mechanistic studies have reported that inap-
propriate activation of trypsinogen (a key initia-
tor for zymogen activation) and a lack of effi-
cient exclusion of active trypsin in SAP, both 
play vital roles in the occurrence and develop-
ment of SAP [7, 8]. It is understood that each of 

the aforementioned processes results in severe 
pathological changes in the pancreatic acinar 
cells. Autophagy is a cellular metabolic mecha-
nism that transports intracellular substances to 
lysosomes for degradation, prompting the syn-
thesis of new substances [9, 10]. Numerous 
autophagy studies have revealed a critical ho- 
meostatic role in the “quality control” of intra-
cellular organelles, metabolic adaptation, and 
differentiation and development [9]. Deregula- 
tion of autophagy appears in the pathogenesis 
of several diseases, including inflammatory and 
neurodegenerative disorders and cancer [11-
13]. The exocrine pancreas has been shown to 
have a higher basal level of autophagy than in 
other organs such as the heart, liver, kidney, 
and endocrine pancreas, especially when acti-
vated in response to starvation [14, 15]. 
However, overactivation of pancreas-specific 
autophagy causes excessive accumulation of 
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zymogen granules in acinar cells, further 
increasing the risk of SAP [16-19]. Therefore, 
the elucidation of autophagy mechanisms in 
SAP, as well as how they affect the develop-
ment of pancreatitis, may provide new thera-
peutic targets or approaches for SAP.

Long noncoding RNA (lncRNA) is a type of RNA 
with a transcript length of more than 200 
nucleotide residues. Recent studies have found 
that lncRNA can activate or inhibit the expres-
sion of target genes by directly binding to target 
genes [20, 21]. LncRNA participates in gene 
expression regulation with multiple actions, 
including histone modification, transcription fa- 
ctor recruitment, and miRNA endogenous com-
petition [22, 23]. However, there are few reports 
evaluating lncRNA actions in pancreatitis. 
Previous studies have shown that lncRNA plas-
macytoma variant translocation 1 (lncRNA-
PVT1) can promote the occurrence and devel-
opment of multiple cancers by affecting cell 
proliferation, apoptosis, migration, and inva-
sion [24]. In addition to this, lncRNA-PVT1 can 
affect autophagy by regulating various signal-
ing pathways and biological processes [25, 26]. 
Thus, lncRNA-PVT1 may be involved in the 
autophagic process of acinar cells in SAP.

In the present study, models of SAP were con-
structed with sodium taurocholate (STC) in vitro 
and in vivo to explore the effect of lncRNA-PVT1 
on acinar cell autophagy and to uncover the 
regulatory mechanism, providing an experimen-
tal basis for the clinical treatment of SAP.

Materials and methods

Cell viability and morphology assays

Rat pancreatic acinar cells AR42J (ATCC®CRL- 
1492™) were cultured in Ham’s F-12K medium 
supplemented with 20% fetal bovine serum. 
According to a previously reported method, 
AR42J cells were cultured in 96-well plates at a 
density of 1 × 105 cells/mL for 48 hours, and 
subsequently treated with 500 μM (IC50 value) 
STC (Solarbio; Beijing, China) for 2 hours [27]. 
Cells in the control group were cultured under 
normal conditions during the entire experiment. 
Cell morphology was imaged using a phase 
contrast microscope (Nikon; Tokyo, Japan).

Target identification of lncRNA-PVT1

To elucidate the potential mechanism of lnc- 
RNA-PVT1 in SAP, its target miR-30a-5p was 

predicted using lncRNABase, Starbase2.0, and 
RNAhybrid databases, where possible binding 
sites were identified in the BiBiserv database. 
The dual luciferase reporter assay was per-
formed and the miR-30a-5p binding site of 
lncRNA-PVT1 was cloned into the GP-miRGLO 
vector to construct the wild-type (WT) plasmid. 
Site-directed mutagenesis of the seed se- 
quence of lncRNA-PVT1 was performed to gen-
erate a mutant (MUT) plasmid. Plasmids con-
taining PVT1-MUT and PVT1-WT were pur-
chased from GenePharma Co., Ltd. (Jiangsu, 
China). AR42J cells were cultured in medium 
and cotransfected with plasmid DNA (PVT1-
MUT or PVT1-WT) and miR-30a-5p agomir (50 
nM) or the negative control for 24 hours. 
Luciferase activities were then assessed using 
a double-luciferase reporter assay kit (Promega; 
Madison, WI, USA) with a microplate reader 
(Thermo; Waltham, MA, USA) and a normalized 
ratio of firefly and renilla luciferase signals.

To further verify this target, we performed the 
biotin-labeled pull-down assay in AR42J cells. 
Briefly, AR42J cells (1 × 106 cells/mL) were 
seeded in 10-cm plates in duplicate. The next 
day, biotin-labeled miR-30a-5p was transfect-
ed into the cells to final concentration of 50 
nM. After 48 hours, whole cell lysates were har-
vested; and Dynabeads M-280 Streptavidin (50 
μL each sample) (Invitrogen; Carlsbad, CA, USA) 
were coated with yeast tRNA (10 μL per sam-
ple, stock 10 mg/mL), and incubated with rota-
tion at 4°C for 2 hours. Simultaneously, the pre-
coated beads were washed with 500 μL lysis 
buffer and resuspended in 50 μL lysis buffer. 
Sample lysates were mixed with the beads (50 
μL per sample) and incubated at 4°C for 3 
hours in a rotator. Beads were then washed 5 
times with 500 μL ice cold lysis buffer to 
remove unbound materials. To isolate the RNA, 
750 μL TRIzol and 250 μL nuclease free water 
were added to both input and pull-down sam-
ples. Finally, RNA was precipitated and then 
subjected to real-time quantitative PCR to 
detect miR-30a-5p and lncRNA-PVT1 levels.

RNA fluorescence in situ hybridization assay

To further detect the expression of lncRNA-
PVT1, the RNA fluorescence in situ hybridiza-
tion (FISH) assay was conducted in STC-treated 
AR42J cells using a FISH kit (GenePharma; 
Jiangsu, China) in accordance with the manu-
facturer’s directions. Streptavidin-biotin sys-
tem labeled PVT1 RNA probe was used as the 
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probe mix. Samples were observed using a con-
focal laser scanning microscope (LeicaSP8, 
Wetzlar, Germany) at 630 × magnification.

LncRNA-PVT1 knockdown experiments

AR42J cells were cultured in 6-well plates (1 × 
105 cells/mL) containing a serum-free medium 
and transfected with lncRNA shRNAs (pGPU6/
GFP/Neo-Pvt1-RAT-NC, -1, -2, -3, and -4) or ma- 
ture miR-30a-5p agomir mixed with GP-tran- 
sfect-Mate according to the manufacturer’s 
instructions (GenePharma; Jiangsu, China). In 
addition, 48 hours after transfection, the cells 
were cultured in the presence or absence of 
STC for 2 hours.

Animals

Male Sprague-Dawley rats weighing 200 ± 20 g 
were obtained from the Experimental Animal 
Center at Dalian Medical University (Dalian, 
China). Rats were housed in a temperature-
controlled (25 ± 2°C) room with a 12-hour li- 
ght/dark schedule and free access to food and 
water. All animal experimental procedures we- 
re approved by the Animal Care and Use 
Committee at Dalian Medical University (No. 
AEE18072) and complied with the principle for 
replacement, refinement, or reduction.

Twenty rats were randomly divided into 2 
groups (n = 10): a sham operation (SO) group 
and a SAP model group. Experimental models 
were established as previously described [27]. 
Briefly, rats were fasted for 12 hours with free 
access to water, then anesthetized via intra-
peritoneal injection of sodium pentobarbital 
(30 mg/kg). The SAP model was established 
using a retrograde infusion of 5.0% STC (0.1 mL 
per 100 g body weight) into the biliopancreatic 
duct. In the SO group, the abdomen was surgi-
cally opened and then closed. Blood samples 
were collected from the abdominal aorta for 
biochemical analyses 24 hours after establish-
ment of the model. Pancreatic head samples 
were fixed in 10% buffered formalin for histo-
pathological and immunofluorescence assays. 
The other pancreatic tissues were maintained 
at -80°C until real-time PCR and western blot-
ting analyses.

Hematoxylin and eosin and immunofluores-
cence staining

Formalin-fixed pancreas tissues were embed-
ded in paraffin and sectioned into 5-μm slices. 

The slices were stained with hematoxylin and 
eosin and photographed using a light micro-
scope (Olympus BX53, Japan) at 200 × ma- 
gnification. For immunofluorescence staining, 
AR42J cells or pancreatic sections were incu-
bated in a humidified chamber overnight at 4°C 
with rabbit microtubule-associated protein 1 
light chain 3-II (LC3-II) antibody (dilution ratio 
1:100) (Abcam; Cambridge, UK). After this step, 
the samples were incubated with TRITC-con- 
jugated goat anti-rabbit IgG for 1 hour at 37°C. 
The samples were re-stained with 4’,6-diamidi-
no-2-phenylindole (5 μg/mL) for 5 min and 
observed under an Olympus BX63 fluorescence 
microscope (Olympus; Tokyo, Japan).

Enzyme-linked immunosorbent assay analysis

The levels of amylase, tumor necrosis factor-α 
(TNF-α), and interleukin 1β (IL-1β) in plasma 
and cell supernatant were assessed using rat 
enzyme-linked immunosorbent assay (ELISA) 
kits (Langdun Biotech; Shanghai, China) accord-
ing to the manufacturer’s instructions. The 
absorbance was measured at 450 nm using a 
microplate reader (Thermo; Waltham, MA, 
USA).

Transmission electron microscope assay

Cells and pancreatic tissues were harvested 
and fixed overnight at 4°C in 2% glutaralde-
hyde. Next, the samples were fixed in 1% osmi-
um tetroxide for 2 hours and washed 3 times 
(each for 15 min) in 0.1 M sodium cacodylate 
buffer, before being dehydrated in gradient eth-
anol solutions. Subsequently, pretreated sam-
ples were used for ultramicrotomy and collect-
ed on copper grids. Finally, the samples were 
stained and observed with a transmission elec-
tron microscope (TEM) (JEM-2000EX; JEDL, 
Japan) with 20,000 × magnification.

Real-time quantitative PCR

Total RNA samples were extracted from the 
cells and pancreatic tissues using a total RNA 
extraction kit according to the manufacturer’s 
protocol. The purity of the extracted RNA was 
determined, then reverse-transcribed using a 
PrimeScript®RT reagent kit (Takara; Dalian, 
China) based on the manufacturer’s instruc-
tions. Relative quantitation was performed 
using a SYBR® Premix Ex Taq™ II (TliRNaseH 
Plus) kit (Takara; Dalian, China) following the 
manufacturer’s instructions, with GAPDH or U6 
as an endogenous control, and the fold chang-
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es were calculated for each gene. The primer 
sequences are listed in Table 1.

Western blotting assay

Total protein samples of cells and pancreas  
tissues were extracted using cold lysis buffer 
containing 1 mM phenylmethylsulfonyl fluo- 
ride according to the manufacturer’s protocol 
(Beyotime; Jiangsu, China), and the concentra-
tion of the extracted protein was quantified 
with the BCA Protein Assay Kit (Beyotime; 
Jiangsu, China). The samples were then sepa-
rated by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis and transferred to 
polyvinylidene difluoride membranes. Memb- 
ranes were incubated overnight at 4°C with 
rabbit LC-3 and Beclin-1 antibodies (1:1000) 
(Abcam; Cambridge, UK) and incubated at 37°C 
for 2 hours with the secondary antibody 
(1:2000) (Abcam; Cambridge, UK). Finally, the 
expression levels of extracted proteins were 
normalized to β-actin using the enhanced che-
miluminescence method.

Statistical analysis

All data were presented as the means ± stan-
dard deviation (SD) and were analyzed using 
GraphPad Prism 5.0 software (San Diego, CA, 
USA). One-way ANOVA followed by post hoc 
Tukey’s test was used for the analysis of the dif-
ferences between multiple independent gro- 
ups, and the unpaired Student’s t-test was 
used for two groups’ comparison according to 
the homogeneity of variances. The results were 
considered to be statistically significant at p 
values less than 0.05 or 0.01.

amylase (Figure 1B). Moreover, as shown in 
Figure 1B, the levels of inflammatory media-
tors, TNF-α and IL-1β, in the cell were markedly 
increased in AR42J cells after treatment with 
STC. TEM technology was used to clearly 
observe the ultrastructure of acinar cells, and 
the accumulation of autophagosomes and 
autophagic vacuoles (as denoted by the red 
arrows) was observed in STC-stimulated AR42J 
cells (Figure 1C). Western blot results indicated 
that Beclin-1 and LC3-II protein expressions are 
significantly upregulated in AR42J cells treated 
with STC (Figure 1D and Supplementary Figure 
1). Furthermore, immunofluorescence analysis 
demonstrated that STC notably increases LC3-
II expression (red area) (Figure 1E).

Downregulation of lncRNA-PVT1 alleviates 
STC-induced AR42J cell injury

As shown in Figure 2A, the lncRNA-PVT1 level 
was significantly upregulated in STC-treated 
AR42J cells. The RNA FISH assay demonstrated 
that lncRNA-PVT1 transcripts are abundant in 
the cytoplasm of AR42J cells treated with STC 
(Figure 2B). Furthermore, the in vitro transfec-
tion approach of lncRNA-PVT1 shRNA was used 
to observe the regulatory role of lncRNA-PVT1 
following pancreatic acinar cell injury. We chose 
the most suitable shRNA plasmid, using the 
real-time PCR assay, which revealed that 
shRNA-3 and shRNA-4 can effectively inhibit 
lncRNA-PVT1 expression in AR42J cells (Figure 
2C). As shown in Figure 2D, the gene level of 
lncRNA-PVT1 was also notably decreased by 
shRNA-3 and shRNA-4 in STC-treated AR42J 
cells. Meanwhile, the upregulation of amylase, 
TNF-α, and IL-1β release in STC-treated cells 

Table 1. Primer sequences used for real-time quantitative 
PCR in AR42J cells and pancreatic tissues of rats
Name Sequences
lncRNA PVT1 Forward: 5’-ACCAGGATATAAACCTAGTGATAAA-3’

Reverse: 5’-AAGCACCCAATGCAGAATAG-3’
miR-30a-5p TGTAAACATCCTCGACTGGAAG
GAPDH Forward: 5’-ATGTTCCAGTATGACTCTA-3’

Reverse: 5’-CACCCCATTTGATGTTAG-3’
U6 Forward: 5’-GGAACGATACAGAGAAGATTAGC-3’

Reverse: 5’-TGGAACGCTTCACGAATTTGCG-3’
IL-1β Forward: 5’-ACAGCAGCATCTCGACAAGAGC-3’

Reverse: 5’-CCACGGGCAAGACATAGGTAGC-3’
TNF-α Forward: 5’-CAAGAGCCCTTGCCCTAAGG-3’

Reverse: 5’-CGGACTCCGTGATGTCTAAGTACTT-3’

Results

STC induces AR42J cell injury by pro-
moting autophagy

The morphology of AR42J cells was 
observed using a phase contrast micro-
scope, and the results revealed that 
STC notably caused the reduced densi-
ty and number of bright and transparent 
normal cells and increased morphologi-
cal changes characteristic of cell death 
(Figure 1A). We performed an ELISA to 
measure amylase, a biochemical mark-
er of pancreatic disease, and found that 
STC significantly induces the release of 
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was significantly inhibited by lncRNA-PVT1 
shRNA plasmid (Figure 2E). Furthermore, the 
morphology of AR42J cells was observed in dif-
ferent treatment groups, revealing that the inhi-
bition of lncRNA-PVT1 expression by shRNAs 
alleviates STC-induced AR42J cell death and 
morphological changes characteristic for cell 
death (Figure 2F). Therefore, these results indi-
cate that the downregulation of lncRNA-PVT1 
alleviates STC-induced AR42J cell injury.

Downregulation of lncRNA-PVT1 inhibits au-
tophagy in STC-injured AR42J cells

As shown in Figure 3A, TEM results demonstr- 
ated a downregulation of lncRNA-PVT1 by shR-
NAs and a reduction in the number of autopha-
gic vacuoles (as indicated by the red arrows) in 
STC-stimulated AR42 cells. The expression lev-

els of Beclin-1 and LC3-II proteins were all sig-
nificantly downregulated by lncRNA-PVT1 shR-
NAs compared to the negative control group 
(Figure 3B and Supplementary Figure 2). 
Furthermore, the immunofluorescence results 
revealed that lncRNA-PVT1 shRNAs decrease 
LC3-II expression (red area) (Figure 3C). There- 
fore, these results suggest that the inhibition of 
autophagy in STC-treated AR42J cells occurs 
with downregulation of lncRNA-PVT1.

LncRNA-PVT1 targets miR-30a-5p in AR42J 
cells

Based on bioinformatic approaches, we pre-
dicted that miR-30a-5p is a potential target of 
lncRNA-PVT1 (Figure 4A). To further verify this 
finding, the dual luciferase reporter assay was 
performed. In this assay, luciferase activity was 

Figure 1. STC induced AR42J cell injury by promoting autophagy. AR42J cells were cultured in plates for 48 hours, 
then treated with 500 μM (IC50 value) STC for 2 hours. A. Morphology images of AR42J cells from an optical micro-
scope (100 × magnification). B. Amylase (n = 6) detected by ELISA and TNF-α and IL-1β (n = 3) detected by real-time 
PCR in AR42J cells. C. Typical cellular ultrastructure observed by TEM (20000 × magnification). D. Expression levels 
of Beclin-1 and LC3 proteins in AR42J cells assayed by western blotting. E. LC3-II protein expression (red fluores-
cence) observed by immunofluorescence analysis (100 × magnification). Significance was tested by independent 
Student’s t-tests. Data are presented as the means ± SD. **P < 0.01 vs. control group.
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significantly repressed in the PVT1-WT plasmid 
by miR-30a-5p agomir; however, this effect was 
not observed in the PVT1-MUT plasmid group 
(Figure 4B). Additionally, the level of lncRNA-
PVT1 was markedly elevated in the pull-down 

material isolated from AR42J cells, following 
transfection with biotin-labeled miR-30a-5p, 
compared to the control (Figure 4C). Furthe- 
rmore, the input samples showed that lncRNA-
PVT1 significantly decreased, where miR-30a-

Figure 2. Downregulation of lncRNA-PVT1 alleviated STC-induced AR42J cell injury. AR42J cells were cultured in 
6-well plates containing a serum-free medium and transfected with lncRNA shRNAs mixed with GP-transfect-Mate. 
After a 48-hour transfection, the cells were cultured in the presence or absence of STC for 2-hours. (A) Relative 
expression level of lncRNA-PVT1 in AR42J cells detected by real-time PCR (n = 3). (B) lncRNA-PVT1 expression in 
AR42J cells assayed by RNA FISH (630 × magnification). (C) Relative expression level of lncRNA-PVT1 in AR42J cells 
transfected with lncRNA-PVT1 shRNA plasmid (n = 4). (D) Relative expression level of lncRNA-PVT1 in STC-injured 
AR42J cells transfected with lncRNA-PVT1 shRNA plasmid (n = 4). (E) Amylase (n = 6), TNF-α, and IL-1β (n = 3) lev-
els in STC-injured AR42J cells transfected with lncRNA-PVT1 shRNA plasmid. (F) Morphology images of STC-injured 
AR42J cells transfected with lncRNA-PVT1 shRNA plasmid (100 × magnification). Significance between two groups 
(A) was tested by independent Student’s t-tests; significance between multiple independent groups (C-E) was tested 
by one-way ANOVA followed by post hoc Tukey’s test. Data are presented as the means ± SD. *P < 0.05 or **P < 
0.01 vs. control or NC group.



LncRNA-PVT1 aggravates severe acute pancreatitis

5557 Am J Transl Res 2020;12(9):5551-5562

Figure 3. Downregulation of lncRNA-PVT1 inhibits autophagy in STC-injured AR42J cells. AR42J cells were cultured in 6-well plates containing a serum-free medium 
and transfected with lncRNA shRNAs mixed with GP-transfect-Mate. After a 48-hour transfection, the cells were cultured in the presence or absence of STC for 2 
hours. A. Typical cellular ultrastructure in STC-injured AR42J cells transfected with lncRNA-PVT1 shRNA plasmid (20000 × magnification); B. Expression levels of 
Beclin-1 and LC3 proteins in STC-injured AR42J cells transfected with lncRNA-PVT1 shRNA plasmid detected by western blotting; C. LC3-II protein expression (red 
fluorescence) in STC-injured AR42J cells transfected with lncRNA-PVT1 shRNA plasmid observed by immunofluorescence analysis (100 × magnification).



LncRNA-PVT1 aggravates severe acute pancreatitis

5558 Am J Transl Res 2020;12(9):5551-5562

5p was significantly increas- 
ed, in AR42J cells treated wi- 
th biotin-labeled miR-30a-5p 
compared with the control (Fi- 
gure 4D). These results indi-
cate that lncRNA-PVT1 can 
target miR-30a-5p and inhibit 
its expression.

We also detected a downre- 
gulation of miR-30a-5p ex- 
pression level in STC-treated 
AR42J cells (Figure 4E). This 
is the opposite effect obs- 
erved in STC-treated AR42J 
cells treated with lncRNA-
PVT1 shRNAs, where a down-
regulation of lncRNA-PVT1 si- 
gnificantly upregulated miR-
30a-5p (Figure 4F). These re- 
sults show that lncRNA-PVT1 
can target miR-30a-5p in 
AR42J cells.

LncRNA-PVT1/miR-30a-5p/
Beclin-1 axis-mediated au-
tophagy was activated in the 
acinar cells of SAP rats

As shown in Figure 5A, he- 
matoxylin and eosin staining 
results clearly demonstrated 
SAP-induced pancreatic ed- 
ema, necrosis, hemorrhage, 

Figure 4. LncRNA-PVT1 targets miR-30a-5p in AR42J cells. (A) The binding 
site of lncRNA-PVT1 to miR-30a-5p. One target of lncRNA-PVT1, miR-30a-
5p, was predicted by lncRNABase, Starbase2.0, and RNAhybrid databases, 
and then the possible binding sites were identified in the BiBiserv database. 
(B) Dual luciferase reporter assay of lncRNA-PVT1 and miR-30a-5p in AR42J 
cells (n = 5). AR42J cells were cultured in medium and co-transfected with 
plasmid DNA (PVT1-MUT or PVT1-WT) and miR-30a-5p agomir (50 nM) or the 
negative control for 24 hours. (C) Relative expression level of lncRNA-PVT1 
in the materials pulled down by biotin-miR-30a-5p in AR42J cells. Biotin-la-
beled pull-down assay in AR42J cells was performed. (D) Relative expression 
level of the total input of lncRNA-PVT1 and miR-30a-5p in AR42J cells. Biotin-
labeled pull-down assay in AR42J cells was performed. (E) Relative expres-
sion level of miR-30a-5p in AR42J cells (n = 4). AR42J cells were cultured in 

plates for 48 hours, then treated 
with 500 μM (IC50 value) STC 
for 2 hours. (F) Relative expres-
sion level of miR-30a-5p in STC-
injured AR42J cells transfected 
with lncRNA-PVT1 shRNA plas-
mid. AR42J cells were cultured in 
6-well plates containing a serum-
free medium and transfected 
with lncRNA shRNAs mixed with 
GP-transfect-Mate. After 48-hour 
transfection, the cells were cul-
tured in the presence or absence 
of STC for 2 hours. Significance 
between two groups (B-E) was 
tested by independent Student’s 
t-test; significance between mul-
tiple independent groups (F) was 
tested by one-way ANOVA fol-
lowed by post hoc Tukey’s test. 
Data are presented as the means 
± SD. *P < 0.05 or **P < 0.01 vs. 
control or NC group.
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and inflammatory cell infiltration. ELISA resu- 
lts revealed that significantly higher levels of 
plasma amylase, TNF-α, and IL-1β in the SAP 
group than in the SO group (Figure 5B). The SAP 
group also had significantly higher levels of 
lncRNA-PVT1 expression, but notably lower  
levels of miR-30a-5p expression (Figure 5C). 
Although the SO group showed acinar cells  
with normal cellular structure, the SAP group 
exhibited massive autophagosome accumula-
tion and autophagic vacuoles (as indicated by 
the red arrows) (Figure 5D). Compared with the 
SO group, the SAP group had notably upregu-
lated protein expressions of Beclin-1 and LC3-II 

(Figure 5E and Supplementary Figure 3). Mean- 
while, immunofluorescent results indicated 
that the pancreas tissue of SAP rats exhibited 
more LC-3-II-positive area (red fluorescence) 
than that of SO rats (Figure 5F). Therefore, 
these results showed that lncRNA-PVT1/miR-
30a-5p/Beclin-1 axis-mediated autophagy is 
activated in the acinar cells of SAP rats.

Discussion

SAP exhibits a complex disease progression 
associated with a high mortality rate. The onset 
of SAP is marked by acinar cell injury caused by 

Figure 5. LncRNA-PVT1/miR-30a-5p/Beclin-1 axis-mediated autophagy was activated in the acinar cells of SAP rats. 
Twenty male Sprague-Dawley rats were randomly divided into 2 groups (n = 10): sham operation (SO) group or SAP 
model group. Briefly, the SAP model was established by retrograde infusion of 5.0% STC (0.1 mL per 100 g body 
weight) into the biliopancreatic duct. In the SO group, the abdomen was only surgically opened and closed to serve 
as a control. Samples were collected for biochemical analyses at the 24 hour timepoint following establishment of 
the model A. Pancreatic tissue observed in SAP rats using an optical microscope (400 × magnification). B. Plasma 
levels of amylase, TNF-α, and IL-1β in SAP rats (n = 10). C. Relative expression levels of lncRNA-PVT1 and miR-30a-
5p in the pancreas of SAP rats (n = 3). D. Typical cellular ultrastructure in the pancreas of SAP rats observed by TEM 
(20000 × magnification). E. Expression levels of Beclin-1 and LC3 proteins in the pancreas of SAP rats detected 
by western blotting. F. LC3-II protein expression (red fluorescence) in pancreatic tissues of SAP rats observed by 
immunofluorescence analysis (400 × magnification). Significance between two groups was tested by independent 
Student’s t-tests. Data are presented as the means ± SD. *P < 0.05 or **P < 0.01 vs. SO group.
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the pathological activation of trypsinogen [18, 
28]. In the present paper, our in vitro and in vivo 
results cumulatively indicate that SAP notably 
increases the accumulation of autophago-
somes and autophagic vacuoles in pancreatic 
acinar cells, as well as the expression of LC3-II 
protein. During autophagy, the cytoplasmic 
form (LC3-I) of LC3 is lipidated and converted 
into LC3-II, where it is then transported to the 
autophagosome membrane as a molecular 
marker for autophagy [29]. SAP induced the 
upregulation of autophagy in acinar cells in 
vitro and in vivo.

LncRNA-PVT1, located at 8q24.21, is upregu-
lated in many cancers and associated with cell 
proliferation, apoptosis, and autophagy [25, 
26, 30]. Our real-time PCR and RNA FISH re- 
sults showed that lncRNA-PVT1 was also si- 
gnificantly upregulated in the cytoplasm of 
injured acinar cells, in both in vitro and in vivo 
assays. Moreover, the inflammatory response 
and acinar cell injury was alleviated in vitro fol-
lowing downregulation of lncRNA-PVT1 by shR-
NAs. These results indicate that LncRNA-PVT1 
is a potential new therapeutic target of SAP.

Additional studies found that lncRNA-PVT1 may 
be an endogenous miRNA sponge that inhibits 
the expression of miR-30a-5p, a member of the 

regulation of lncRNA-PVT1 by shRNAs notab- 
ly inhibited STC-induced autophagy in STC-
treated AR42J cells. These mechanistic studies 
support the notion that inhibition of lncRNA-
PVT1 expression protects pancreatic acinar 
cells from injury during SAP by targeting the 
miR-30a-5p/Beclin-1 signaling pathway. The- 
refore, the lncRNA-PVT1/miR-30a-5p/Beclin-1 
axis is a critical factor in autophagy during SAP 
and is a potential target for SAP therapy.

In summary, we demonstrated that the lncRNA-
PVT1-mediated downregulation of miR-30a-5p 
expression in pancreatic acinar cells is essen-
tial for activating autophagy through activation 
of the Beclin-1 signaling pathway (Figure 6). 
Therefore, the lncRNA-PVT1/miR-30a-5p/Bec- 
lin-1 axis represents a novel drug target to 
improve pancreatic acinar cell injury and has 
potential implications for SAP pathology. The 
insights obtained from this study can further 
advance the development of future therapeu-
tics to treat SAP.

Acknowledgements

This work was supported by grants from 
National Natural Science Foundation of China 
(No. 81873156) and Natural Science Founda- 
tion of Liaoning Province (No. 2019-BS-076). 

Figure 6. Proposed models for lncRNA-PVT1/miR-30a-5p/Beclin-1 axis-medi-
ated autophagy in SAP. LncRNA-PVT1-mediated downregulation of miR-30a-
5p expression in pancreatic acinar cells is essential for activating autophagy 
through the activation of the Beclin-1 signaling pathway. The lncRNA-PVT1/
miR-30a-5p/Beclin-1 axis represents a novel drug target to improve pancre-
atic acinar cell injury and has potential implications in SAP pathology.

miRNA-30 family that regu-
lates of several cell processes 
including cell growth, differen-
tiation, and apoptosis [31]. 
Previous studies have also 
indicated that miR-30a-5p 
can inhibit autophagy by tar-
geting the Beclin-1 gene [32-
35]. Beclin-1, the first effector 
identified in the initial stage of 
autophagy, interacts with ph- 
osphatidylinositol 3-kinase to 
form a protein complex that 
can recruit the autophagy 
marker, LC3, and initiate au- 
tophagy flux [36, 37]. In this 
study, we found that in both 
SAP rats and STC-treated 
AR42J cells, there was a sig-
nificant downregulation of 
miR-30a-5p expression and 
an upregulation of Beclin-1 
and LC3-II, compared with 
their respective control gro- 
ups. Furthermore, the down-
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Supplementary Figure 1. The additional Original western images of Figure 1D.

Supplementary Figure 2. The additional Original western images of Figure 3B.

Supplementary Figure 3. The additional Original western images of Figure 5E.


