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Acute pancreatitis (AP) is a common disorder with significant hospital admission andmortality. Due to the unclarified pathological
mechanism, there is still no effective and specific treatment for AP. Recently, autophagy has been found to be closely related with
occurrence and development of AP, which is crucial in determining its severity and outcomes. Emerging evidence indicates that
autophagy can be regulated and influenced by microRNAs and organelles, including mitochondria, endoplasmic reticulum and
lysosome, through various ways in AP. Of note, the complex interplays and close relationships among autophagy, microRNA
and organelles in AP are vital for figuring out pathogenesis but not clear yet. Thus, this review summarizes the role of
autophagy in the pathological mechanism of AP, especially the relationship between impaired autophagy and organelles, and
discusses the regulatory mechanism of microRNA on autophagy, which could offer new insights into understanding the
pathogenesis of AP and developing new potential therapeutic targets against AP.

1. Introduction

Acute pancreatitis (AP), characterized by an inflammatory
disorder of the pancreas, is the second highest cause of total
hospital stays, the largest contributor to aggregate costs,
and the fifth leading cause of in-hospital deaths [1], with
increasing global incidence [2]. Although the majority of
patients have a mild AP course with less than 1% of mortal-
ity, there is still up to 20% of AP that will be further devel-
oped to severe acute pancreatitis (SAP) accompanied by
systemic inflammatory response syndrome (SIRS) and the
subsequent multiple organ dysfunction and/or pancreatic
necrosis, with approximately 10% of mortality [3, 4]. In addi-
tion, as high as 18% of AP patients would experience recur-
rence and about 8% of AP further developed into chronic
pancreatitis [5, 6]. Although a great progress has been made

in the understanding of AP, its pathogenesis has not been
fully elucidated yet.

Autophagy is a dynamically balanced and evolutionally
highly conservative process, widely existing in cells [7, 8].
Damaged and aging organelles, misfolded proteins and lipids
can be degraded through autophagy, and the degradation
products such as amino acids can be further reused by cells.
Autophagy plays a vital role in maintaining cell homeostasis
during starvation [9, 10]. According to the different ways of
transporting substrates to lysosomes, there are three types
of autophagy: macroautophagy, microautophagy and chap-
erone mediated autophagy (CMA) [11].

Macroautophagy, being most widely studied, is the main
form of autophagy, including in AP. It starts from the forma-
tion and elongation of the membrane, and then turns to be
the double membrane autophagosomes, which sequester
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organelles and long-lived proteins to be degraded. The
double-membrane autophagosomes then fuse with lyso-
somes through the specific identification and combination
between light chain3 (LC3) on autophagosome and lysosome
associated membrane protein-2 (LAMP-2) on lysosome, ulti-
mately forming the single-membraned autolysosomes. Then
the cargo from autophagosome is degraded by matured
hydrolases in lysosome and the degradation products are
recycled back to cytoplasm. Efficient autophagy flux pro-
motes survival of cells and plays a protective role. When nor-
mal progress of autophagy is impaired, there will be
accumulation of autophagic vesicles in the cytoplasm, which
damage cell homeostasis and contribute to a variety of path-
ological states [7, 8, 11, 12]. The autophagy mentioned in this
review is all macroautophagy.

In recent years, autophagy has been confirmed to play an
important role in the progression of many diseases, such as
neurodegenerative diseases [13, 14], cardiomyopathy [15,
16], fatty liver [17] and cancers [18]. It is noteworthy that
the autophagy flux of the exocrine pancreas is higher than
liver, kidney, heart or endocrine pancreas in mammals [19],
implying the crucial role of autophagy in the pathological
mechanism of AP. Therefore, this review summarizes the
role of autophagy in the pathological mechanism of AP, espe-
cially the relationship between impaired autophagy and
organelles. In addition, due to the importance of microRNA
(miRNA) in regulating human physiological and pathologi-
cal processes, we discuss the regulatory mechanism of micro-
RNA on autophagy. miRNA regulation on autophagy and
the interactions between organelles and autophagy regula-
tion are important to understand the pathogenesis of AP
and offer new insights into developing new potential thera-
peutic targets against AP.

2. Autophagy and Cellular Organelles in AP

In pancreatic acinar cells of experimental animal AP models
and human AP patients, the accumulation of a large number
of vacuoles has been observed long before and is considered
to be the characteristic of acinar cells in AP, which has been
proved to be the abnormal autophagy related vacuoles.
Because of the impaired process of autophagy, the long-
term accumulated vacuoles can fuse with each other to form
larger vacuoles than normal autophagic vacuoles [19–22]. In
rodent models of AP, vacuolization is suggested to be
induced by impaired autophagy which hindered the degrada-
tion of long-lived proteins, resulting in overactivation of
trypsinogen of pancreatic acinar cells. All these above have
proved that autophagy is involved in the pathogenesis of
AP, but its mechanism has not been fully understood [23].
Under physical conditions, organelles in pancreatic acinar
cells, including endoplasmic reticulum (ER), mitochondria,
lysosomes, play a very important role in the production, stor-
age and secretion process of digestive enzyme. However, dur-
ing AP, organelles dysfunction occur and cause the activation
of trypsinogen, and participate in the impaired autophagy
flux [24]. The relationship between impaired autophagy
and organelle dysfunction is complex and mutually affected
[25–27]. What’s more, the selective-macroautophagy can

recognize and degrade specific substrates such as the disor-
dered, damaged or aging organelles [28, 29]. Therefore, here,
we discuss the specific mechanism of the interaction between
autophagy and each organelle, respectively.

2.1. Autophagy and Mitochondria in AP. Mitochondria is a
cellular organelle with double membrane structure contain-
ing circular genome, namely the mitochondrial DNA
(mtDNA), whose normal physiological functions are impor-
tant for the survival of cells [30]. On the function, mitochon-
dria produce ATP mainly for cells through oxidative
phosphorylation (OXPHOS), which is mediated by the elec-
tron transport chain (ETC) located on the inner mitochon-
drial membrane. The electrochemical gradient generated by
ETC through a series of redox reactions drives the produc-
tion of ATP and also generates mitochondrial membrane
potential (MMP), which is very important for maintaining
the physical function of mitochondria [31, 32]. Mitochon-
drial membrane permeability transition pore (MPTP), a
non-regulatory pore, is composed of multiple proteins and
connected with both the inner and outer mitochondrial
membranes, and the solute with molecular weight smaller
than 1500Da and water can enter the mitochondrial matrix
through the MPTP. But continuous opening of MPTP will
lead to the decline of membrane potential, which in turnl lead
to the decrease of ATP production and ultimate the mito-
chondrial dysfunction [33]. Cyclophilin D (CypD) is a key
protein to control the opening of PTP. Inhibition of CypD
by using drugs or genetic blocking can shut down PTP and
restore mitochondrial function [34]. Mitochondrial dysfunc-
tion and corresponding morphological changes such as mito-
chondrial swelling, decreased cristae, etc. could be observed
in acinar cells during AP [35].

Mitochondrial dysfunction can lead to the impaired pro-
cess of autophagy mediated by CypD related PTP opening. In
many kinds of AP animal models, mitochondrial dysfunction
in pancreatic acinar cells occurs through Ca2+ dependent or
Ca2+ independent pathways, but they all converge on con-
tinuous opening of CypD-related PTP [35]. The reason for
PTP opening in Arginine-induced AP was the decrease of
ATP synthase activity [36], and the increase of Ca2+ in AP
induced by caerulein and bile acid accounted for the opening
of PTP [37], while the PTP opening in alcoholic AP was
mediated by the decline in Nicotinamide adenine dinucleo-
tide (NAD) [27]. Rajarshi et al. [34] established CEA-AP by
intraperitoneal injection of caerulein to C57BL/6 mice, and
treated acinar cells isolated from the mouse pancreas with
cholecystokinin (CCK) to induce AP at the level of cell. They
found that the continuous opening of mitochondrial PTP
would block the autophagy process due to the decrease of
ATP, and the impaired autophagy then induced the activa-
tion of trypsin. While ATP production can be restored
through the inhibition of MPTP opening, thereby increasing
the efficiency of autophagy, reducing trypsin activation and
alleviating AP. In 2018, Biczo et al. [35] established different
AP models in a variety of animals through various methods,
and found that mitochondrial dysfunction plays a central
role in the pathogenesis of AP. Among these, by intraperito-
neal injection of arginine (Arg) to rats and mice, respectively,
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to create Arg-APmodel, they found that free Arg in the mito-
chondria of the pancreatic tissue increased sharply, and was
degraded through the pathway of ornithine rather than NO
and then degradation product worked on the ATP synthase,
leading to mitochondrial dysfunction. Impaired autophagy,
as the downstream events of mitochondrial dysfunction,
could cause ER stress and lipid metabolism disorders and
eventually result in AP. However, through knocking out the
CypD gene, mitochondrial dysregulation was corrected, and
its downstream response like impaired autophagy was
improved, and AP was alleviated. Besides, the results of
human AP pancreas were consistent with the experimental
outcomes. Therefore, mitochondrion dysfunction causes
impaired autophagy flux mainly by the role of CypD related
PTP opening in experimental AP models.

Meanwhile, impaired autophagy can also influence mito-
chondrion by inefficient clearance of dysfunction mitochon-
drion. Damaged mitochondria are transported to lysosomes
for degradation through selective autophagy, a process
known as mitophagy, which is a protective mechanism of
cells [38]. Mitophagy can be activated by mitochondrial dys-
function occurring in AP [39, 40]. However, the knockout of
ATG5 and ATG7 genes could inhibit autophagy including
mitophagy and lead to the accumulation of dysfunctional
mitochondria [25, 41]. Mitochondrial dysfunction in AP
causes inefficient autophagy, and the impaired autophagy in
turn fails to degrade these dysfunctional mitochondria
timely, further aggravating the mitochondrial dysfunction
and the problem of ATP production. Consequently, mito-
chondrial dysfunction and abnormal autophagy would form
a vicious cycle, and these two pathological conditions existed
persistently and were involved in the pathogenesis of AP [27].

2.2. Autophagy and ER in AP. ER is an extensive membra-
nous labyrinth network structure with branching tubes and
flattened sacs existing in all eukaryotic cells [42]. ER can reg-
ulate the synthesis of proteins and lipids, store Ca2+ and reg-
ulate the concentration of Ca2+ in cells [24]. The protein
synthesis and the number of ER in the pancreatic acinar cells
are higher compared with other type of cells [43] Therefore
the stable physiological function of the ER is particularly
important for the homeostasis and survival of acinar cells.
When the amount of protein folding exceeds the capacity
of the ER due to various causes, the normal physiological
state of ER will be disrupted. This status is termed as the
endoplasmic reticulum stress (ER stress), which is character-
ized by the accumulation of unfolded and misfolded proteins
and the disorder of Ca2+ balance. In order restore the func-
tion of ER, cells would activate unfolded protein response
(UPR), and UPR is induced by activating three sensors
located in ER: PERK (double-stranded RNA-dependent pro-
tein kinase (PKR)-like ER kinase), IRE1 (inositol-requiring
1α) and ATF6 (activating transcription factor 6) [44–47].
Morphological changes of ER can be observed at the early
stage of AP [48], such as swollen ER, vacuolation, loss of
ribosome, etc. [43], indicating that ER stress participates in
pathological mechanism of AP.

Actually, ER is closely related to autophagy in different
stages. One of the membrane sources of autophagosome is

the rough endoplasmic reticulum [39, 49], and both the initi-
ation and maturation of autophagosome have a close rela-
tionship with ER [50]. So, when the homeostasis of ER is
disrupted, the effective autophagy will be interrupted or the
situation of already impaired autophagy will be worsened.
Xu et al. [51], using the AR42J cell line and mice with
caerulein-induced AP, found that IL-1β can disrupt ER
homeostasis, cause ER stress, and release large amounts of
Ca2+ from ER into the cytoplasm, leading to impaired
autophagy. The induction of impaired autophagy was
depended on Ca2+ released from ER and led to the activation
of trypsin. Dolai et al. [52] half knocked out the mammalian
uncoordinated-18c (Munc18c) gene, which is located in the
basolateral plasma membrane of pancreatic acinar cells [53]
and play a role in exocrine fusion in cells [54], in C57BL/6
mice and established Munc18c-knockout human acinar cells
using lentivirus, and then induced AP in mice, isolated acinar
cells and Munc18c-knockout human acinar cells with caeru-
lein and CCK. In their study, they found that after the knock-
out of Munc18c, the exocytosis of apical side of acinar cells
stimulated by the normal physiological doses of CCK was
not affected, but the exocytosis of the basolateral plasma
membrane was blocked. Thus, lack of Munc 18c increased
the burden of cellular degradation pathway when treated
with excessive stimuli of CCK, caused ER stress, and
increased autophagy induction mainly through the PER-
K/eukaryotic initiation factor 2α (eIF2α) pathway [55].
Under the background of already impaired autophagy pro-
cess by overdose of CCK, the accumulation of autophagic
vacuoles in acinar cells was further worsened by Munc18c’s
effect on exocytosis of the basolateral plasma membrane.
And alcohol-induced ER stress can affect the folding and
transportation of lysosomal proteases and lysosomal mem-
brane proteins such as LAMP2, which would next hinder
the normal process of autophagy and finally cause alcohol-
induced AP [56]. Besides, Chen et al. [57] found that in AP,
melatonin inhibited the inflammatory response by inhibiting
ER stress, and finally promoted autophagy to play a protec-
tive role for acinar cells. The restoration of ER functions coul-
din turn promoted autophagy.

There is a crosstalk between UPR and autophagic path-
ways because both of them are aiming at restoring ER func-
tion, with macroautophagy acting as a protein degradation
system for misfolded proteins and damaged ER [56]. Fazio
et al. [58] upregulated the expression of stanniocalcin 2
(STC2) in C57BL/6 mice by transgenic technology to study
AP induced by caerulein. It was found that STC2, a secreted
glycoprotein [59], increased in expression along with the acti-
vation of PERK within 4 hours after the onset of pancreatic
injury, and had close relations to UPR. STC2 overexpression
resulted in the reduction of PERK activation due to negative
feedback, then decreased phosphorylation of PERK and eIF2α
in the mice pancreas, but increased the expression of ATF4
(activating transcription factor 4, a downstream molecule of
eIF2α in PERK signaling pathway of UPR) and autophagy
induction, indicating that the increased ATF4 might be the
reason for elevated induction of autophagy and eventually
reduce the pathological damage in AP. And ATF4 in mice
acini was also found to induce the occurrence of autophagy.
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What’s more, there were experiments proving that p-eIF2α
and ATF4 are necessary for autophagy induction in vitro
[60–62]. In addition, some proteins in adequate UPR can help
to stabilize the autophagy flux. For instance, X-box binding
protein1 (XBP1), a downstreammolecule of IRE1 in UPR sig-
naling pathways, could inhibit the accumulation of autophagic
vacuoles through inhibiting the autophagy induction and
facilitating the processing of cathepsins [63–66]. Furthermore,
ATF4 and ATF6 in UPR can activate the transcription of
autophagy genes, and the up-regulation of them can promote
the initiation of autophagy [67, 68]. UPR and autophagy both
can help restore the function of ER.

The situation of autophagy can influence and determine
the condition of ER. Vacuoles accumulation caused by
impaired autophagy can cause and aggravate pathological
ER stress in AP [69]. Therefore, the interruption of the nor-
mal physiological process of autophagy in turn affects ER
homeostasis. Li et al. [70] found that the knockout of IκB
kinase α (IKKα) genecaused the impairment of autophagy
and thereby led to P62 accumulation, resulting in accumula-
tion of misfolded proteins in ER, triggering ER stress and
eventually causing spontaneous pancreatitis. After knocking
out of P62 gene, all these damages were alleviated [71], dem-
onstrating that autophagy damage can indeed cause ER
stress. Antonucci et al. [25] found that autophagosomes in
pancreatic acinar cells cannot normally be formed due to
the lack of necessary ATG7 by using Pdx1-Cre mice with
the knockout of ATG7 gene. Autophagy and the degradation
process of autophagic proteins which were ought to be
degraded through autophagy had been suppressed, as shown
by the accumulation of P62, autophagic degradation sub-
strate proteins and the unmodified form of LC3. All these
could induce ER stress and UPR, and protein synthesis was
reduced due to ER injury, which eventually resulted in dam-
age and inflammation of acinar cells. And the AP injury
caused by lack of ATG7 cannot be alleviated by knocking
out P62 gene. This indicates that in cells, especially acinar
cells with high rate of protein synthesis, the effective autoph-
agy flux is of great importance for maintaining the stability of
ER function and the continuous recycle of misfolded pro-
teins. Biczo et al. [35] also found that during AP, ER stress
was the downstream pathological phenomena of impaired
autophagy. Trehalose, which can increase autophagy activity
and restore autophagy flux, was intraperitoneally injected
into wild type mice in two weeks before AP being induced.
They found that autophagic activity was enhanced in Arg-
AP treated with trehalose, and along with the improvement
of autophagy, ER stress was reduced, leading togreatly allevi-
ated AP. This proved that impaired autophagy would disturb
the balance of ER and cause the ER stress. Recently, Mareni-
nova et al. [72] found that as a method used in the study of
autophagy, transgenic green fluorescent protein (GFP)
-LC3 affected autophagy in exocrine pancreas. The influence
of using GFP-LC3 on autophagy eventually aggravated AP.
Compared with the wild type (WT) group of AP, ER mor-
phological changes and ER stress were more apparent in aci-
nar cells of GFP-LC3 group, confirming that abnormal
autophagy could affect the status of ER. Moreover, autophagy
can selectively engulf ER filled with misfolded proteins and

lipids and degrade them in autolysosomes, and this process
is called reticulophagy, a backup for inadequate ER associ-
ated degradation aiming at restoring ER function [28, 73].

2.3. Autophagy and Lysosome in AP. Lysosome composes of
acidic lumen and the cholesterol-poor lipid membrane
around the lumen [74]. The inner side of lysosome mem-
brane has thick glycocalyx along the perimeter, and this
structure can prevent its membrane from being degraded
by lysosomal acid hydrolases. This can ensure the separation
of lysosome acid environment from other parts in cell [75],
which is vital to cells as the rupture of lysosome membrane
will cause the leakage of acidic contents into cells, endanger
cells, and even cause cell death [76]. There are about 50 kinds
of hydrolases contained in lysosomes that degrade specific
substrates, including proteases, lipases, nucleases, glycosi-
dases, phospholipases, phosphatases, and sulfate enzymes,
which are usually most active at low pH levels [19]. Thus,
the main function of lysosome is degradation besides the
functions of secretion and signaling [75]. Among these
hydrolases, the cathepsin includes serine, aspartic acid, and
the main cysteine cathepsin (like cathepsin B and cathepsin
L, Cat B and Cat L), which are important for lysosomes,
autophagy, and other functions [12].

Lysosomes directly participate in autophagy, and the sta-
tus of lysosomes can determine whether the autophagy pro-
cess is effective or blocked. The pathological mechanism of
impaired autophagy is different depending on the various
abnormal parts. Here, the three pathological mechanisms of
abnormal lysosome induced impaired autophagy are
described below, including the blocked fusion of autophago-
some and lysosome, abnormal cathepsins in lysosomes and
inadequate synthesis of lysosomes.

2.3.1. The Blocked Fusion of Autophagosome and Lysosome.
LAMPs are high glycosylated transmembrane proteins,
accounting for 70 percent of lysosomal membrane proteins,
and play important roles in maintaining lysosomal function
[77, 78]. Decrease or absence of LAMP-2 on lysosomal mem-
brane would block the fusion of lysosomes and autophago-
somes, and a large number of double-membrane
autophagosomes containing undegraded substances will
emerge in cells. These accumulated autophagosomes affected
the normal function of the cells and participated in the occur-
rence and development of many diseases [79]. Fortunato
et al. [79] showed that alcohol and endotoxemia depleted
LAMP-2 proteins in rat pancreatic tissue, leading to accumu-
lation of autophagosomes and a shift of cell death from apo-
ptosis to necrosis, further promoting inflammatory responses
and causing acute and chronic pancreatitis. Importantly,
patients with alcoholic pancreatitis also showed local
LAMP-2 depletion. Thus, it can be seen that the impaired
autophagy caused by the lack of LAMP-2 expression plays a
vital role in the pathogenesis or aggravation of AP and other
various diseases. However, the detailed mechanisms are not
fully elucidated yet, so more studies are expected. And
decreased biogenesis of lysosomes can also cause the
decreased expression and even lack of LAMP-2, so these
two conditions should be separated in future studied.

4 Oxidative Medicine and Cellular Longevity
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2.3.2. Abnormal Cathepsins in Lysosomes. The efficiency of
autophagy flux is mainly determined by the formation rate
and degradation activity of autolysosomes, and the latter fac-
tor is regulated by the level of lysosomal hydrolases, protein
hydrolysis activity, pH value of lysosomes and other factors.
Pancreatitis has effects on the maturation process of cathep-
sin in lysosomes of pancreatic acini. And the activity and
degradation capacity of immature form of cathepsins are
greatly reduced compared with the mature ones, resulting
in the accumulation of single-membraned autolysosomes
containing undegraded substrates including zymogen gran-
ule [19]. Studies have demonstrated that impaired autophagy
was associated with imbalance between Cat L and Cat B. Cat
L is in charge of the degradation of trypsinogen and trypsin,
while Cat B converts trypsinogen to trypsin and causes tryp-
sin accumulation within the acinar cells. Pharmacological
inhibition of Cat L increased the number of active trypsin
in acini, and trypsinogen activation markers were part
located in autophagic vacuoles [23]. These suggested that
degradation defects of lysosome might be the main mecha-
nisms underlying increased activity of trypsin in acinar cells
of pancreatitis.

2.3.3. Inadequate Synthesis of Lysosomes. Recently, some
studies have been conducted on the role of insufficient lyso-
somal synthesis in impaired autophagy of AP, which is a
new research aspect for the abnormal autophagy involved
in the pathological mechanism of AP. Transcription factor
EB (TFEB) is a major regulator of lysosome biogenesis [80].
Wang et al. [81] established AP animal models by intraperi-
toneally injecting C57BL/6 J mice with caerulein, and found
that caerulein activated the mechanistic target of rapamycin
kinase (mTOR) of pancreas and increased degradation of
TFEB. Because of the reduced number of TFEB, the number
of lysosomes was declined, thus resulting in the lack of auto-
lysosomes and ultimately causing AP. TFEB is an important
factor for both lysosome and autophagy, which deserves to
explore more in the future.

In addition, when lysosomes ever involved in autophagy
are damaged or aging, they can be specifically identified
and phagocytized by the autophagosomes and then fused
with the intact lysosomes. Damaged lysosomes can be
degraded as substrates through this process called lysophagy,
which can protect cells [82]. Interestingly, there were also
studies indicated that damaged lysosomes can recover their
low pH and degradation capacity through autophagy [76].

The lysosomal synthesis, maturation of contained
enzymes and fusion capacity with autophagosome all con-
tribute to the impaired autophagic flux and further induce
AP. There may be more for us to explore in this complex
and vital organelle, as lysosome is so close with autophagy.

3. The Role of miRNAs in Regulating
Autophagy of AP

miRNAs are a class of common conserved endogenous non-
coding RNAs composed of 22-25 nucleotides, which are
widely expressed in different species and play an important
role in cell proliferation, immune response and homeostasis

maintenance [83–85]. miRNA can regulate protein-coding
genes by targeting a sequence in the 3’-UTR region of target
gene and affect the translation and expression of proteins
[86–88]. A single miRNA can simultaneously regulate multi-
ple target genes in the genetic network, producing a strong
cumulative effect on the gene network, and it is believed that
they jointly regulated one third of the genes in the genome.
miRNAs have already been shown to be associated with
many biological processes and human diseases, and been
extensively studied as new targets of clinical diagnosis and
therapy [89–91].

Autophagy have been proved to be regulated by miRNAs
at different stages: miR-376b [92], miR-17-5p [93], miR-216a
[94], and miR-30b [95] can inhibit the initial formation stage
of autophagosomes by inhibiting the expression of beclin1.
miR-204 [96, 97] inhibits the elongation stage by working
directly on LC3. miR-101 [98], miR-34a [99], miR-24-3p
[100] and miR-376b [92] are able to regulate ATG4. Upreg-
ulation of miR-423-5p [101] hinders maturation of autopha-
gosome by inhibiting autophagosome-lysosome fusion in
macrophages. Recently, accumulating evidence reveals that
miRNAs exert various functional roles in regulating autoph-
agy of AP (Figure 1). Understanding the regulatory mecha-
nism of autophagy by miRNA in AP pathogenesis is helpful
for developing targeted therapies and improve clinical man-
agement of patients with AP. Here, we summarize the con-
firmed miRNAs that involved in the regulation of
autophagic process in AP as follows.

3.1. miR-141. miR-141 restrained autophagy in AP during
the formation process of autophagosomes through the
HMGB1/Beclin-1 pathway. Zhu et al. [102] injected miR-141
loaded by adenovirus into AP mice (intraperitoneal injection
of l-arginine) through the tail vein, and found that the local
damage of the pancreatic tissue was significantly reduced.
The outcomes of AP animal group treated bymiR-141 showed
the reduced autophagosomes and autolysosomes under the
electronmicroscope compared with AP group. Andmolecular
experiment results were consistent with the morphological
observation: the expression of LC3-II (a marker protein of
autophagic vesicle) was declined, and P62 (a chaperonin deliv-
ered ubiquitin substrate into the autophagic degradation path-
way) was increased, but LAMP-2 did not show any statistical
significance between the two groups. Subsequently, it was
found that miR-141 affected protein translation by binding
to the 3’UTR region of high mobility group box 1 (HMGB1)
mRNA, resulting in a decrease in the expression level of down-
stream protein beclin-1. HMGB1 is a conserved nuclear pro-
tein that can enhance transcription and has been found to be
a key regulator of autophagy [103]. Cytoplasmic HMGB1, as
a Beclin-1 binding protein, induces autophagy by isolating
its inhibited protein beclin-2 [104]. Beclin-1 plays an impor-
tant role in the initiation of autophagy and mediates the
localization of other autophagy-related proteins on the autop-
hagosome membrane [105]. Together, these results suggested
that autophagic process was impaired in AP during the forma-
tion process of autophagosomes through the HMGB1/Beclin-
1 pathway by miR-141. Thus, miR-141 was expected to be a
new target for AP treatment.

5Oxidative Medicine and Cellular Longevity
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3.2. miR-148 Family. In this family, there are two members,
miR-148a and miR-148b-3p, that participate in autophagic
regulatory in AP to date. Miao et al. [106] investigated the
role of miR-148a on autophagy of AP by treating BALB/c
mice and AR42J acini cell lines with caerulein and miR-
148a mimic loaded adenovirus vectors. The results revealed
that the expression of miR-148 in AP was decreased. Mean-
while elevated expression of miR-148a induced by the appli-
cation of miR-148a mimic could lower the increased LC3-II
and Beclin1 caused by caerulein, but the expression of P62
induced by caerulein was promoted. Pancreatic pathological

changes caused by caerulein were alleviated by miR-148a
ultimately. These illustrated that caerulein hindered the nor-
mal process of autophagy, and miR-148a inhibited initiation
of autophagy. In addition, this study also demonstrated that
the inhibitory role of miR-148a on autophagy was mediated
by down-regulating the interleukin-6 (IL-6)/Signal Trans-
ducers and Activators of Transcription 3 (STAT3) signaling
pathway [106]. In both AP patients and AP animal models,
serum IL-6 is elevated and positively correlated with the
severity of disease, which can be used to predict the prognosis
of disease [107]. IL-6 can activate STAT3 and autophagy
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Figure 1: Interplays between organelles and autophagy and the regulatory mechanism of miRNAs on autophagy flux in pancreatic acinar
cells. Close relations exist between each organelle and autophagy during AP. 1. Mitochondrion and autophagy: decreased ATP synthase
activity, increased Ca2+, and decreased NAP all contribute to continuous PTP opening and then decreased production of ATP, leading to
an impaired process of autophagy. 2. ER and autophagy: (1) IL-1β and alcohol-caused ER stress leads to release Ca2+ from ER and
affected folding and transportation process of lysosome protease and LAMP-2, respectively, finally resulting in the hindered autophagic
process. Melatonin inhibits ER stress through inhibiting the inflammatory response and then promoted autophagy. Increased burden of
cellular degradation caused by lack of Munc 18c under excessive stimuli of CCK causes ER stress and then increased autophagic induction
mediated by PERK/eIF2α; ATF4, ATF6, and p-eIF2α promote induction of autophagy, while XBP1 decreases the numbers of accumulated
autophagic vacuoles by inhibiting autophagic induction and facilitating the processing of cathepsins. (2) Impaired autophagy by IKKα
knockout and inhibited autophagy by ATG7 knockout both cause P62 accumulation, leading to ER stress and UPR. 3. Lysosome and
autophagy. Decreased Cat L, alcohol, and endotoxemia caused depleted LAMP-2, and decline in the biogenesis of lysosome mediated by
reduced TFEB all lead to impaired autophagy. 4. Aged and dysfunctional organelles (mitochondrion, ER, and lysosome) can be cleared by
autophagy through mitophagy, reticulophagy, and lysophagy, respectively. miRNAs participate in the regulatory mechanisms of
autophagy in AP. 1. miR155 inhibits TAB2 or Rictor, which can inhibit Beclin-1, and then promotes induction of autophagy. 2. miR-
141/HMGB1, miR-181b/mTOR/AKT, miR-148a/IL-6/STAT3, and miR-375/ATG7 all contributed to the inhibition of autophagic
induction mediated by inhibiting expression of Beclin-1. 3. The suppressed expression of ATG12 and P62 by miR-148b-3p and
downregulated expression of LAMP-2 and amount of mature Cat L1 by miR-352 cause impaired autophagy. Based on the above, we can
see strong relationships among miRNAs, organelles, and autophagy, but direct evidence is lacking about them in AP now.
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enzyme gamma-aminobutyric acid (GABA) A receptor-
associated protein-like 1 (GABARAPL1) in human islets
[108], and play a regulatory role in the autophagy process
through the mediation of STAT3 signaling pathway, exerting
influence on autophagy.

Regarding miR-148b-3p, with starvation conditions
autophagy was induced in AR42J cells, then Gao et al. [109]
found that miR-148b-3p was significantly lowered in these
treated cells. Bioinformation had predicted 593 target genes
with significant differences, and multiple target genes were
associated with autophagy, including ATG12 and Sqstm1.
This showed that miR-148b-3p might be an important regu-
latory miRNA in pancreatic autophagy through direct inhibi-
tion of ATG12 and Sqstm1/p62. However, this study was
mainly based on the analysis and prediction of bioinformat-
ics, so more researches are needed to verify the role of miR-
148b-3p in AP autophagy in the future.

3.3. miR-181b. The miR-181 family is a widely conserved
miRNA group that can influence proliferation, differentia-
tion, death and autophagy of cells [110–112]. By transfecting
miR-181b mimics/inhibitors into AR42J cells, it was
observed that miR-181b reduced the expression of Beclin-1
and IL3-II and inhibited autophagy. The expression level of
miR-181b was significantly reduced in AP rats induced by
taurocholate. While by injecting the adenovirus loaded with
miR-181b through tail vein, the activation of mTOR/Akt
was increased, and the expression of Beclin-1 and LC3-II
and autophagy were inhibited, then the serum lipase and
amylase levels of AP rats were decreased, AP was alleviated.
It was further confirmed that miR-181b inhibited autophagy
and reduced the damage caused by AP by activating the
mTOR/Akt signaling pathway. It is by upregulating the
expression of miR-181b that Panax notoginseng saponins
inhibited autophagy, thus alleviating the pathology of AP
and improving the survival rate of AP rats [113]. So mTOR
may be the target gene of miR-181b, but more future studies
are needed to verified.

3.4. miR-155. In 2019, Wan et al. [114] established AP model
by intraperitoneally injecting BALB/C mice with caerulein.
Then investigating the effect of miR-155 in AP by injecting
AAV-miR-155 and AAV-miR-155 sponge into the tail vein
of mice. miR-155, which was decreased in caerulein-
induced AP, was revealed to inhibited its target protein
MAP3K7 binding protein 2 (TAB2), while TAB2 could neg-
atively regulated Beclin-1. And inhibited expression of miR-
155 inhibited Beclin-1 through the increased expression of
TAB2. Inhibited miR-155 then inhibit the induction of
autophagy accompanied by reduced formation and accumu-
lation of autophagosomes, with decreased expression of P62
and LC3II. Pathological damage of pancreas and lungs in
AP mice was alleviated by the suppressed miR-155. Contrary
to this result, increasing the expression of miR-155 promoted
autophagy and ultimately aggravated the pathology of AP.
Moreover, these results were consistent with the outcomes
in SAP animal model induced by superimposed with lipo-
polysaccharide (LPS)/L-arginine on the basis of caerulein.
Zhang et al. [115] explored the role and mechanism of

miR-155 in regulating autophagy in AP at cellular level by
treating AR42J cell line with caerulein. Impaired autophagy
(increased expression of P62, LC3II/I and Beclin-1) and
increased miR-155 were found in those treated AR42J cells.
The cells were further transfected with miR-155 mimics/in-
hibitors and their, respectively, negative controls, and was
found that miR-155 aggravated the impaired autophagy
through inhibiting the expression of Rictor (RPTOR inde-
pendent companion of MTOR complex 2). These studies
revealed that miR-155 promote the induction of autophagy,
which can be used as a potential cure target.

3.5. miR-375.MiR-375 is closely related to AP and is consid-
ered as a potential biomarker for SAP [116]. Recently, Zhao
et al. [117] treated AR42j cell line and Wistar rats (intraper-
itoneal injection) with caerulein plus LPS to construct SAP
models in cells and animals, and found that miR-375 expres-
sion in SAP was increased in both cells and pancreatic tissue.
They took a further exploration through the transfection of
miR-375 mimics/inhibitors into AR42j cell, and found that
miR-375 inhibited autophagy (decreased beclin1 and
LC3II/I, increased P62) through inhibiting target gene,
ATG7 (autophagy related gene 7, involved in formation of
autophagosomes [118]), promoted inflammatory reaction
and apoptosis in acinar cells, and aggravated SAP.

3.6. miR-352. miR-352 is the only miRNA reported so far to
regulate autophagy by acting on the lysosomal part instead of
the formation process of autophagosomes like the above-
mentioned miRNAs. Inducing AP in AR42J cells with tauro-
lithocholic acid 3-sulfate (TLC-S), the expression level of
miR-352 and intracellular trypsin activation increased, the
expression of LAMP-2 and Cat L1 decreased, and the accu-
mulation of intracellular vacuoles increased compared with
the control group. Besides, the mRNA of LAMP-2 and Cat
L1 were included in the five target genes of miR-352. In sum-
mary, miR-352 played regulatory role on autophagy in AP
through two pathways. (1) With the increase of miR-352,
intracellular LAMP-2 was down-regulated in expression,
and the reduction or loss of LAMP-2 protein hindered the
fusion between autophagosomes and lysosomes, resulting in
impaired autophagy, accumulation of intracellular autoph-
agy vesicles and an increase in trypsin activation. (2) The
overexpression of miR-352 would reduce the amount of
mature Cat L1, and the decrease in the active Cat L1 or dam-
aged processing of Cat L1 reduced the clearance of trypsino-
gen and trypsin, thus increasing the active trypsin in cells. By
inhibiting the expression of miR-352 in AP cells, the expres-
sion levels of LAMP-2 and Cat L1 were elevated, the activa-
tion of trypsin was decreased, and the cell injury was
reduced. Therefore, miR-352 obstructed the autophagy pro-
cess through LAMP-2 and Cat L1, increased the activation
of trypsin, and was involved in the pathogenesis of AP [119].

4. Conclusion and Prospects

Based on the above analysis, we can confirm that the relation-
ships between autophagy and organelles are complicated and
affected mutually; and miRNAs can regulate autophagy in
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AP though various pathways (Figure 1). In cells, subcellular
events, like autophagy, and various organelles are inseparable
and interdependent functionally. There are close interplays
among them, and the complex relationships among them
are involved in pathological process of diseases. In this
review, we summarized the recent progress about the interac-
tions between autophagy and three organelles in AP.
Autophagy can maintain physical functions of organelles
and these organelles with normal functions in turn keep
autophagic flux effective, and one organelle can have influ-
ences on other organelles through autophagy. However,
there is still much to be explored about their role in AP and
the molecular mechanisms. Understanding these interplays
among them in AP will be essential for clarifying pathoge-
netic process of AP and development of therapeutics target-
ing autophagy.

miRNAs, not only predictors and biomarkers of diseases,
but important regulators in plenty of biological process, are
proved to participate the regulation of autophagic process
in different stages, including induction of autophagic vacu-
oles (mainly targeted at Beclin-1), substrate targeting, lyso-
some fusion and degradation, even mediated by organelles.
We therefore should give significant emphasis on the func-
tion of miRNA-modulated autophagy as potential therapeu-
tic targets for AP. Actually, autophagy and organelles can be
connected and exert an influence on each other via different
miRNAs in various ways in many diseases such as: parkin-
son’s disease [120], prostate cancer [121] and pancreatic
ductal adenocarcinoma [122]. Therefore, when miRNAs
regulate autophagy, miRNAs also affect organelles at the
same time, and vice versa. So, the relationship among
them in AP should be attached importance to. However,
to date, the relationships among microRNA, autophagy
and organelles in AP have not been studied, thus more
systematic and in-depth studies are needed to explore the
roles and relationships among organelles, miRNAs and
autophagy in AP.

We hope the review can shed new lights on developing
novel therapeutic targets and new understanding of the
molecular mechanisms in AP for researchers and clinicians.
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