& MolecularMedicine

Spautin-1 Ameliorates Acute Pancreatitis via Inhibiting
Impaired Autophagy and Alleviating Calcium Overload
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Acutfe pancreatitis is characterized by zymogen preactivation. Severe inflammmation caused by zymogen activation can
eventually lead to mulfiple organ dysfunctions which contribute to the high mortality rate of severe acute pancreatitis. However,
there is no specific treatment available for acute pancreatitis therapy. Here, we show that spautin-1, which effectively inhibits
autophayy flux, ameliorated the pathoyenesis of acute pancreatitis induced by cerulein or L-aryginine. CaMKIl phosphorylation
due to cytosolic calcium overload was revealed in this paper. It was also demonstrated that autophayic protein agygreyates
deyradation blockade accompanied by impaired autophayy correlated positively with infra-acinar cell digestive aymogen
activation stimulated by cerulein or L-arginine. The role of spautin-1 in ameliorating acute pancreatitis was shown here to be asso-
ciated with impaired autophayy inhibition and Ca?* overload alleviation. We provide a promising therapy for acute pancreatitis
through targeting both impaired autophaygy and increased cytosolic calcium.
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INTRODUCTION

Acute pancreatitis is a kind of self-
limited disease; about 80% of patients
with acute pancreatitis will recover (1).
However, the other 20% may develop
severe acute pancreatitis (2,3) . The mor-
tality rate of severe acute pancreatitis
is about 30-50% due to complications
such as lung or renal dysfunction (2,3).
Among those diverse etiologies, alcohol
abuse followed by duct obstruction and
bacterial infection induced by a gallstone

is the major cause leading to acute pan-
creatitis (4-7). The incidence of acute
pancreatitis is increasing. However, there
is no specific treatment available for
acute pancreatitis therapy at this time.
Although the mechanism of acute
pancreatitis is not fully elucidated, it is
believed that early events during the
process of acute pancreatitis include
vacuole accumulation, calcium over-
load and cytokine activation (8,9). At
the early stage of acute pancreatitis, the
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digestive zymogens, which normally
work after being secreted, are preacti-
vated in pancreatic acinar cells (10,11).
Self-digestion as a result causes pancreas
injury directly. However, the mechanism
underlying the activation of digestive en-
zymes, especially trypsinogen, is poorly
understood.

Autophagy is the process responsi-
ble for long-lived protein or organelle
degradation. Autophagosome engulfing
cargoes fuse with lysosome forming
autolysosome where degradation takes
place (12-14). Vesicles accumulating in
the area of necrotizing pancreatitic tissue
were first identified to be autophago-
some by electron microscopy (15). Then
it was revealed that Atg5 deficiency
prevented intracellular trypsinogen
from activation in acinar cells, suggest-
ing autophagy as a positive regulator
in promoting the activation of digestive
zymogens in pancreatic acinar cells (16).
Consistently, autophagy flux inhibitor
wortmannin was reported to protect
against trypsinogen activation induced
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by cerulein and ameliorated the patho-
genesis of acute pancreatitis to some ex-
tent (17,18). However, wortmannin is not
so effective in inhibiting autophagy.

Autophagysome increment resulting in
trypsinogen preactivation can be seen in
cases of increased autophagy flux or au-
tophagy blockage. It was recently illus-
trated that autophagysome accumulation
due to autophagy blockage is probably
the key factor for zymogen activation. In
the model of acute pancreatitis induced
by alcohol together with lipopolysac-
charides (LPS), it was found that the
fusion ratio between autophagysome
and lysosome decreased due to local
lysosome-associated membrane protein
2 (LAMP2) deficiency in inflamed pan-
creatic tissue (19). Almost at the same
time, it was demonstrated that autoph-
agy flux inhibition led to an imbalance
between cathepsin B and cathepsin C,
which eventually stimulated trypsino-
gen activation in cerulein-induced acute
pancreatitis (20). These results supported
the theory that autophagy flux was actu-
ally blocked during the process of acute
pancreatitis. The concept of impaired
autophagy in the pathogenesis of acute
pancreatitis was thus established (20,21).

Specific and potent autophagy inhib-
itor-1 (spautin-1), a well-documented
highly effective autophagy inhibitor,
was shown to be a valuable therapeutic
against viruses through inhibiting auto-
phagy flux (22,23). We hypothesized that
spautin-1 decreasing the amount of au-
tophagysome could protect intra-acinar
cells from digestive zymogen activation.
Here, we tested this hypothesis on the
model of acute pancreatitis induced by
cerulein or a large dose of L-arginine.
Our results indicated that spautin-1 ame-
liorated cerulein- or L-arginine-induced
acute pancreatitis. The mechanism of
spautin-1 acting on acute pancreatitis
was revealed here to be associated with
impaired autophagy inhibition.

Calcium overload, another characteristic
of acute pancreatitis, can rapidly activate
pancreatic Ca** /calmodulin-dependent
protein kinase II (CaMKII) under chole-
cystokinin (CCK) treatment (24). It was

indicated that cytosolic calcium and the
phosphorylation of CaMKII were up
regulated in acute pancreatitis induced
by cerulein or L-arginine. Both calcium
overload and phosphorylation of CaMKII
could be reversed by spautin-1.

MATERIALS AND METHODS

Reagents

The following commercial antibod-
ies were used: rabbit anti-LC3 (Sigma),
rabbit anti-p62 (PTG), rabbit antiubig-
uitin (PTG), rabbit antitubulin (PTG),
rabbit anti-CaMKIIB (SAB), rabbit
anti-phos-CaMKIIB (PTG), rabbit antibe-
clinl (Santa Cruz Biotechnology), rabbit
anti-p65 (SAB), rabbit anti-NF«B-p65
(Phospho-Ser536) signalway antibody
(SAB) and IgG secondary antibodies
(PTG). The following chemical reagents
were also used: cerulein (Yeasen),
BAPTA-AM (AAT Bioquest), fluo-4-AM
(Yeasen), L-arginine and chloriquitone
(CQ) (Sigma), butoxycarbonyl-Gln-
Ala-Arg-7-amido-4-methylcoumarin
hydrochloride (BGAM) (Sigma), amylase
and lipase ELISA Kit (Sigma) and TNFa
ELISA Kit (R&D Systems). Spautin-1 was
obtained from the laboratory of Jun Ying
Yuan in Shanghai.

Cell Cultures

The pancreatic cell line AR42]
(American Tissue Culture Collection)
was cultured in Dulbecco’s modified
Eagle’s medium (Hyclone) containing
10% fetal bovine serum (Hyclone) and
1% penicillin-streptomycin (Hyclone) in
an atmosphere of 5% CO, at 37°C using
standard techniques.

Animals and Experimental Model

The study was carried out using
72 female KunMing (KM) mice from
Switzerland. The mice were four-weeks-
old, weighed 20-25g and were obtained
from the Shanghai Slac Laboratory
Animal Co. All mice were housed in
micro-isolator plastic cages and supplied
with a basal diet and autoclaved distilled
water ad libitum. All animal care and ex-
perimental procedures complied with the
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guidelines for the Care and Use of Lab-
oratory Animals (Eighth Edition), and
were approved by the Ethical Commit-
tee on Animal Experiments at Youjiang
Medical University for Nationalities.

In this study, mice models with acute
pancreatitis, including cerulein- and
L-arginine-induced models, were con-
structed as previously described. For the
cerulein-induced model, four intraper-
itoneal injections of cerulein (50 pg/kg
body weight) were given consecutively
at hourly intervals (25). The L-arginine-
induced model received hourly intraper-
itoneal injections of 1.4 g/kg (optimal
dosage for this study) L-arginine three
times (26).

Rats were randomly divided into
six groups (n = 12 per group). The first
three groups were designed for cerulein-
induced model analysis: Group 1
(control); Group 2 (cerulein), cerulein-
induced pancreatitis without spautin-1
treatment; and Group 3 (cerulein +
spautin-1), cerulein-induced pancreatitis
with spautin-1 treatment (2 mg/kg, given
by intraperitoneal injection 30 min before
the first cerulein injection). The next 3
groups related to the L-arginine-induced
model analysis: Group 4 (control);

Group 5 (L-arginine), L-arginine-induced
pancreatitis without spautin-1 treatment;
and Group 6 (L-arginine + spautin-1),
L-Arginine-induced pancreatitis with
spautin-1 treatment (2 mg/kg, given by
intraperitoneal injection 30 min before
the first L-arginine injection). To observe
the changes in the inflammation process,
some of the mice were randomly selected
and killed for serum amylase analysis
three, six and nine hours after the last
injection of cerulein or L-arginine. The
mice were sacrificed nine hours after the
last injection of cerulein or L-arginine
for the analysis of serum amylase,

lipase and TNFa, Western blotting and
histopathological change.

Blood Chemistry

Serum levels of amylase and lipase
were determined using the commercial
assay kits according to the manufacturer’s
instructions.



Histological Analysis

Pancreatic tissues were obtained from
all mice and fixed overnight in 10%
neutral-buffered formalin, routinely par-
affin embedded and cut to four mm for
hematoxylin and eosin (H&E) staining
for histological analysis. In this study,
histopathological changes, including
edema, necrosis, infiltration of inflamma-
tion cells and vacuolization were qual-
ified according to the criteria described
in Tables 1 and 2 (27). The final score
was calculated as the sum of the above-
mentioned four parameters. All sections
were evaluated by two independent
pathologists unaware of the study target.

Trypsin Activity Assay

The lysates from AR42] cells were
mixed with BGAM in trypsin reaction
buffer (10 mMmol/LTris, 20 mmol /L
CaCl,, pH 7.4), after 30 min of incubation
at 37°C. The fluorescence intensity was
measured at 450 nm under excitation at
380 nm (28).

Cytosolic Calcium Analysis

ARA42J cells were loaded with
0.5 umol/L calcium indicator Fluro-4 AM
and the calcium was visualized by fluo-
rescence microscopy imaging (29). Cel-
lular calcium fluorescence intensity was
qualified by Image J soft version 1.4.3.67
(National Institutes of Health, United
States of America).

Western Blots
Protein extracts from culture cells and
mice pancreatic tissues were separated
and quantified by sodium dodecyl sulfate
(SDS)-polyacrylamide gel and transferred
to the polyvinylidene fluoride (PVDF)
membrane (Millipore). After blocking with
5% nonfat milk in phosphate buffer saline
(PBS), membranes were immunoblotted
with the indicated primary antibodies
(including anti-LC3, anti-p62, antibeclin1,
antiubiqutin, anti-phos-p65, anti-NFkb
p65, anti-CaMKII and anti-phos-CaMKII
bodies), and then with horseradish
peroxidase-conjugated immunoglobulin

Table 1. Histopathological change of pancreatic tissues in the mice model with acute

pancreatitis induced by cerulein.

Parameter Group 1 Group 2 Group 3 Pvalue*
Edema deyree 1.00+0.00 3.25+0.5 2.25+0.5 <0.001/0.03
Inflasmmation deyree 0.25+0.50 2.25+0.5 1.50+0.58 0.001/0.098
Vacuolization deyree 0.00+0.00 2.75+0.96 2.00+0.00 0.001/0.168
Necrosis degree 0.00+0.00 1.25+0.50 0.50+0.58 0.002/0.098
Total score 1.25+0.50 9.50+1.29 6.25+1.26 <0.001/0.011

*The P value indicates the statistical significance for the differences amony Group 1 and

2/amony Group 2 and 3.

Group 1: saline conftrol; Group 2: mice injected with cerulein; Group 3: mice injected with

cerulein together with spautin-T.

Table 2. Histopatholoyical chanye of pancreatic tissues in the mice model with acute

pancreatitis induced by L-arginine.

Parameter Group 4 Group 5 Group 6 Pvalue*
Edema deyree 1.50+0.58 3.75+0.5 2.75+0.5 0.001/0.03
Inflammmation deyree 0.50+0.58 3.50+0.58 2.00+0.82 <0.001/0.027
Vacuolization degree 0.00+0.00 2.25+0.96 2.25+0.96 0.003/1.00
Necrosis degree 0.00+0.00 2.75+0.50 1.25+0.50 <0.001/0.05
Total score 2.00+0.82 12.25+2.36 8.25+0.96 0.002/0.035

*The P value indicates the statistical significance for the differences amonyg Group 4 and

5/amony Group 5 and 6.

Group 4: saline control; Group 5: mice injected with L-arginine; Group 6: mice injected

with L-arginine together with spautin-1.
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G (IgG) secondary antibodies for two
hours at room temperature. In this study,
anti-a-tubulin antibody acted as the inter-
nal control. The resulting bands were visu-
alized with an electrochemiluminescence
(ECL) system (Amersham Biosciences).

The Ubiquitination Analysis of Protein
Aggregates

In this study, ubiquitination (Ub) levels
of protein aggregates were elucidated
by the above-mentioned Western blot-
ting. Briefly, 1% Triton X-100-soluble
or insoluble fractions from culture cells
and mice pancreatic tissues were dis-
solved in 2% SDS separately, and then
were analyzed by immunoblotting with
antiubiquitin antibody.

Statistical Analysis

Student ¢ test or one-way ANOVA
were used to analyze the significance of
the differences between groups. Error
bars for microscopy were presented
as the standard deviation of triplicate
samples. Error bars for Western blot
analysis represent the standard devia-
tion between densitometry data from
three unique experiments. All statistical
analyses were done using the statistical
package for social science (SPSS) version
18 (SPSS Institute).

All supplementary materials are available
online at www.molmed.org.

RESULTS

Cerulein or L-Arginine Inhibiting
Autophagy Flux Correlates with
Trypsinogen Activation in Pancreatic
Acinar Cells

Previous reports have shown that an-
imal models with acute pancreatitis can
be produced by cerulein or a large dose
of L-arginine (30). Autophagy is impaired
and this damage can promote trypsino-
gen activation (31). Thus, we questioned
whether this cerulein- or L-arginine-
induced autophagy damage arose in vitro.
We treated acinar cells AR42J with ceru-
lein (Figure 1A) in the presence or absence
of chloriquitone (CQ) which can block
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Figure 1. Cerulein or L-aryinine inhibiting autophayy flux correlates with frypsinogen activation in pancreatic acinar cells. (A, B). AR42J cells
were treated with 200 nmol/L cerulein (A) or 10 mmol/L L-arginine (B) for 22 h followed by chloriquitone (CQ) or normal saline treatment
(Control) for two hours. The levels of LC3Il, p62 and ubiquitination (Ub) were next analyzed using the Western blotting technique. The graphs
provided are quantified using ImagedJ as means + SD of three independent sets of experiments. Student f test was used. ***P < 0.001. (C-F)
AR42]J cells were treated with 200 nmol/L cerulein (C, E) or 10 mmol/L L-arginine (D, F) for indicated durations. The levels of LC3, p62, beclini
and Ub were next analyzed using the Western blotting technique (C, D), and the corresponding graphs (right line graphs) were quantified
using Image J from two independent sets of experiments (C, D). Error bars represent SD. The relative frypsin activity was evaluated by the
fluorescence intensity. Student ttest was used as statistical analysis from three independent sets of experiments (E, F).
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the fusion between autophagosome and
lysosome. Results showed that the level
of microtubule-associated protein light
chain 3 form II (LC3II) (a marker of auto-
phagy) increased when cells were treated
with only cerulein or CQ (Figure 1A).
However, there were no further incre-
ments in LC3II level under the conditions
of treatment with both cerulein and CQ
(Figure 1A). This suggests that autophagy
could be blocked in pancreatic acinar cells
under cerulein treatment. Similar results
were obtained for L-arginine-treated pan-
creatic acinar cells (Figure 1B).

To further elucidate the role of auto-
phagy in pancreatic acinar cells with
cerulein or L-arginine treatment, we next
detected the protein level of p62 (also
known as SQSTM), an important scaffold-
ing protein involving in the ubiquitina-
tion degradation of protein aggregations
in autolysosome (32). Consistent with
the increased level of LC3II, the level of
p62 gradually elevated with the time and
dose of cerulein treatment (Figure 1C and
Supplementary Figure S1A) or L-arginine
treatment (Figure 1D and Supplementary
Figure S1B). Since ubiquitylated protein
aggregates are transported into auto-
phagysome for degradation by p62, we
also investigated the effect of cerulein
or L-arginine on the ubiquitination of
protein aggregates. Results from West-
ern blotting revealed that ubiquitination
of protein aggregates was upregulated
significantly in insoluble fraction; while
soluble ubiquitination remained almost
constant (Figures 1A-D; Supplementary
Figures S1A, S1B). Compared to LC3II,
p62 and ubiquitylated protein aggregates,
the level of Beclinl expression (an auto-
phagy flux positive regulator) slightly
increased (Figures 1C, D; Supplementary
Figures S1A, S1B). To further confirm the
relationship between impaired autophagy
and the pathogenesis of acute pancre-
atitis, we performed an in vitro reaction
catalyzed by trypsin from pancreatic
acinar cells. It was found that trypsin ac-
tivity in acinar cells gradually increased
with increasing levels of LC3II and p62
(Figures 1E, F; Supplementary Figures
S1C, S1D). In summary, these results

suggested that autophagy flux inhibition
induced by cerulein or L-arginine might
correlate with trypsinogen activation

in vitro.

Taken together, we concluded that
autophagy flux blockade also referred to
impaired autophagy in pancreatic acinar
cells upon cerulein or L-arginine treat-
ment. Our study supported the theory
that impaired autophagy was important
for trypsinogen activation in the process
of acute pancreatitis.

Spautin-1 Reduced Impaired
Autophagy and Inhibited Trypsinogen
Activation in Pancreatic Acinar Cells
with Cerulein or L-Arginine Treatment

Because spautin-1 has potential ther-
apeutic effects in antivirus infection or
cancer therapy due to its high efficiency
in autophagy flux inhibition (23,33),
we hypothesized that spautin-1 could
protect against trypsinogen activation.
To prove this, we determined whether
trypsin activity induced by cerulein or
L-arginine in the acinar cells AR42] de-
creased under the condition of spautin-1
treatment (Figures 2A, B). The results
showed that spautin-1 can inhibit tryp-
sinogen activation induced by cerulein
(Figure 2A) or L-arginine (Figure 2B).

To determine the relationship between
spautin-1 inhibiting trypsinogen activation
and impaired autophagy in intra-acinar
cells, we detected protein levels of LC3II,
p62 and ubiquitylated protein aggregates
using Western blotting (Figure 2C-F).

The results showed that the levels of both
LC3II and p62 decreased in the AR42] cells
with both cerulein and spautin-1 treat-
ment compared with cerulein but with-
out spautin-1 treatment (Figures 2C, D).
Moreover, this downregulation by
spautin-1 occurs in a time-dependent
manner (Figure 2D). Of note, the levels

of ubiquitylated protein aggregates de-
creased in insoluble fraction but increased
in soluble ubiquitination under spautin-1
treatment, which is consistent with the
function of spautin-1 promoting ubiq-
uitination (Figures 2C, D). Similar results
were also obtained with cells in the case of
L-arginine treatment (Figures 2E, F). These
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data suggest that spautin-1 protecting
against trypsinogen activation in intra-
acinar cells may be partly ascribed to its
function in inhibiting impaired
autophagy.

Spautin-1 Ameliorated Acute
Pancreaititis in Mice

To elucidate the therapeutic potential
of spautin-1 for acute pancreatitis, we
constructed mice models with acute pan-
creatitis using cerulein or L-arginine and
explored the therapeutic role of spautin-1
in acute pancreatitis in these models. In
the cerulein-induced acute pancreatitis
model, we observed that spautin-1 pre-
treatment significantly diminished the ele-
vation of serum amylase and lipase levels,
which are indicative of trypsin activity
(Figure 3A left and middle). Given that
pancreas injury from trypsinogen preac-
tivation was usually accompanied by an
inflammation reaction, we next detected
the effects of spautin-1 on inflammation
indicators tumor necrosis factor o (TNFa)
and p65 (the subunit of NF«p) (Figures 3A
right and 3B). Interestingly, increasing
levels of serum TNFa caused by cerulein
were inhibited in the presence of spautin-1
(Figure 3A right). For p65, although its ex-
pression was little changed in the pancreas
tissues from mice with acute pancreatitis,
its active form, phos-p65, was downregu-
lated by spautin-1 (Figure 3B). Histopatho-
logical analyses further showed that the
spautin-1 treatment can ameliorate the in-
flammation damage induced by cerulein,
such as edema, degeneration, coagulative
necrosis and infiltration of inflammatory
cells (Table 1). Representative graphs ex-
hibited this kind of damage (Figure 3C).

Since spautin-1 has been found to de-
crease impaired autophagy in vitro, we fur-
ther detected the levels of LC3II, p62 and
beclin 1 protein in vivo. Results showed
that increasing levels of p62 and beclinl
protein in pancreatic tissues with acute
inflammation decrease under the condition
of spautin-1 treatment (Figure 3D). Corre-
spondingly, the elevation of ubiquitylated
protein aggregates in insoluble fraction
diminish and the level of ubiquitination in
soluble fraction increases (Figure 3D).
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L-arginine treatment. (A, B) AR42J cells were treated with normal saline (NS), 200 nmol/L cerulein (A) or 10 mmol/L L-arginine (B) in the
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Figure 3. Spautin-1 ameliorates the pathoygenesis of acute pancreatitis induced by cerulein or L-arginine in mice. (A-D) Cerulein-induced
mice model with acute pancreatitis. Spautin-1 was injected half an hour before the first injection of cerulein. The mice were sacrificed
nine hours affer the last cerulein injection for analyzing serum amylase, lipase and TNFa levels (A), histopathological change (C) and

the levels of p65 (B), LC3Il, p62, beclin1 and Ub (D) in the pancreatic tissues. The data from serum analyses were tested using one-way

ANOVA with LSD corrections and shown as means + SD. (E-H) L-arginine-induced mice model with acute pancreatitis. Spautin-1 was

injected 30 min before the first injection of L-arginine. The mice were sacrificed nine hours after the last L-arginine injection for analyzing
serum amylase, lipase and TNFa levels (E), histopatholoygical change (G) and the levels of pé5 (F), LC3Il, p62, beclinl and Ub (H) in the
pancreatic tissues. The data from serum analyses were tested using one-way ANOVA with LSD corrections and shown as means + SD.
The ratios between the level of relative protein and tubulin are listed below the band.
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Similar results were observed in the
mice model with acute pancreatitis
using L-arginine (Table 2, Figure 3E-H).
Taken together, these data suggest that
spautin-1 should have therapeutic po-
tential for acute pancreatitis, possibly
through inhibiting impaired autophagy.

Spautin-1 Reversed Cytosolic Calcium
Overload Induced by Cerulein or
L-Arginine In Vitro and In Vivo
Calcium overload is a well-known char-
acteristic of acute pancreatitis. Here, we
detected cytosolic calcium using calcium
sensitive dye fluo-4-AM and found that
cytosolic calcium was elevated in cerulein-
or L-arginine-treated AR42] cells in vitro
(Figures 4A, B). Because calcium overload
can result in trypsinogen preactivation in
acute pancreatitis (34), calcium chelator
BAPTA-AM was used to conform the re-
lationship between calcium elevation and
trypsinogen activation in the present study.
Correspondingly, trypsinogen activation
in acinar cells was alleviated under the
conditions of BAPTA-AM (Figures 4C, D).
Given that cytosolic calcium may
affect autophagy (35-37), we questioned
whether spautin-1 played a role in the
calcium signaling pathway. To answer
this, we first evaluated fluorescence in-
tensity in pancreatic acinar cells with or
without spautin-1 treatment and found
spautin-1 significantly diminished cy-
tosolic calcium load caused by cerulein
or L-arginine (Figures 4E, F). We next
analyzed the changes of CaMKII (includ-
ing its phosphorylation form) in pan-
creatic acinar cells treated with cerulein
or L-arginine. Results showed that the
phosphorylation of CaMKII gradually in-
creased with the time and dose of cerulein
or L-arginine treatment, but the level of
CaMKII changed only slightly (Figures 4G,
H; Supplementary Figures S3A, S3B). Inter-
estingly, this increasing phosphorylation
level induced by cerulein or L-arginine
would decrease under the conditions
of spautin-1 treatment (Figure 41, ]). To-
gether, these data further supported that
spautin-1 ameliorating the pathogenesis
of acute pancreatitis might be correlated
with relieving calcium overload.

DISCUSSION

Here, we reported that spautin-1 ef-
fectively protected against trypsinogen
activation induced by cerulein or L-arginine
in vitro or in vivo and ameliorated acute
pancreatitis. This is likely mediated via de-
creasing the level of impaired autophagy
and alleviating cytosolic calcium overload.

Autophagic vesicle accumulation is
an important event during the early
process of acute pancreatitis (8,9). LC3II
as indicative of autophagy located in the
inner membrane of the autolysosome.
Autophagy flux elevation leading to in-
creased LC3II production or autophagy
blockade leading to decreased fusing
between LC3II and lysosome can upreg-
ulate the level of LC3II. Our results in-
dicated that the increased level of LC3II
in pancreatic acinar cells upon cerulein
or L-arginine treatment was mainly due
to the inhibition of autophagy flux. An-
other evidence for impaired autophagy
in pancreatitis is that the change of au-
tophagy flux positive regulator beclinl
is minor. It needs to be mentioned that
LC3I shared a similar trend as LC3II
under cerulein or L-arginine treatment.
We can easily understand the fluctua-
tions of LC3II, which is the actual au-
tophagy indicator for most cases. LC3I
can be upregulated when autophagy is
blocked (38), hence it sharing a similar
trend as LC3II. The functioning of auto-
phagy independently of LC3I has also
been revealed (39,40). Thus some un-
known events may exist under cerulein
or L-arginine treatment.

Protein aggregates were revealed here
to correlate with trypsin activity. Ubig-
uitylated protein aggregates degraded
by autophagy may directly trigger the
activation of trypsinogen possibly caus-
ing cellular toxicity (41,42). Spautin-1
was shown here to promote the trans-
formation of ubiquitylated protein
aggregates to soluble form which was
accompanied with trypsin activation.
Thus protein aggregate accumulation as
the result of autophagy blockade might
be an important target in ameliorating
acute pancreatitis induced by cerulein
or L-arginine.
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Meanwhile, there still exists evidence
suggesting that autophagy promoted
pancreatic acinar cells survival. Au-
tophagy responsible for engulfing
zymogen is referred to zymophagy,
which was inhibited by 3-MA leading
to acinar cell death (28). Besides, more
trypsin activity was found in Atg5ko
mice recently (43). Taken together, these
two seemingly controversial evidence
suggest the hypothesis put forward
here, that damage in pancreatic tissue
inducing autophagy which eliminates
the protein or organelle with injury
benefits cells survival at the beginning,
when the damage is supra the extent
that the system can stand, impaired
autophagy occurs which causes the ac-
tivation of trypsinogen. In the previous
research (16) Atg5 had not been fully
knocked out, thus autophagy still ex-
isted in Atg5ko mice. In this case, dam-
age still could be eliminated at the early
stage of pancreatitis but a lower level
of impaired autophagy was induced
at the later stage which resulted in a
decreased level of trypsinogen activa-
tion. However, autophagy was largely
inhibited in mice with high deficiency
of Atgb resulting in damage accumula-
tion from the beginning, which induced
more trypsinogen activation (43). Thus
whether autophagy is beneficial or not
depends on the phases of the acute pan-
creatitis early stage. This hypothesis is
still under exploration.

Cytosolic calcium has been recently
reported to have an impact on the level
of impaired autophagy in liver injury
induced by a high fat diet (HFD). In
that case, autophosphorylation of CaM-
KII, which is indicative of an elevated
level of cytosolic calcium in hepato-
cytes, was induced. Correspondingly,
calcium channel blocker verapamil
could alleviate liver injury (29). Thus
it is reasonable that spautin-1 amelio-
rated the pathogenesis of acute pancre-
atitis partly due to alleviating calcium
overload.

Cytosolic calcium elevation leads to
impaired autophagy accumulation in
the case of liver injury caused by HFD
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which could be reversed by verapamil pancreatitis may partly due to calcium of CaMKII could be considered to be a
(29). Thus impaired autophagy existed overload. Similar to the indicative role of marker of an increased calcium level in
in cerulein- or L-arginine-induced acute calcium in hepatocyte, the phosphorylation ~ pancreatic acinar cells.
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CONCLUSION

Although spautin-1 was shown to be
toxic in long-term treatment (23), it could
effectively inhibit impaired autophagy
and reverse the increased level of cytosolic
calcium. In summary, we have provided
a promising therapy for acute pancreatitis
through targeting both impaired autophagy
and increased cytosolic calcium.
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