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Abstract

Background Acute pancreatitis (AP) is a common acute gastrointestinal disorders. Increasing evidence indicated that
autophagy is involved in the development of AP. Resolvin D1 is an endogenous pro-resolving lipid mediator, which can
protect mice from cerulein-induced acute pancreatitis and facilitate autophagy in macrophage, but its mechanism remians
unclear.

Aims To investigate the effect of resolvin D1 on autophagy in mouse models of cerulein-induced AP.

Methods C57BL/6 mice were randomly divided into control group, AP group and resolvin D1 group. The models of
cerulein-induced AP were constructed by intraperitoneally cerulein. Resolvin D1 group was established by intraperitoneally
resolvin D1 based on AP models, simultaneously, control group received normal saline. The severity of AP, the level of
inflammatory cytokines, the number of autophagic vacuoles, and the expression of autophagy-related markers were evalu-
ated among three groups.

Results The AP models were established successfully. Compared to control group, the number of autophagic vacuoles and
expressions of autophagy-related markers including Beclin-1, p62 and LC3-II were increased in AP models, In contrast,
the degree of inflammation and levels of inflammatory cytokines in AP models were reduced after resolvin D1 treatment.
Moreover, resolvin D1 attenuated the number of autophagic vacuoles and expressions of autophagy-related markers.
Conclusions Autophagic flux is impaired in cerulein-induced AP. Resolvin D1 ameliorate the severity of mice with cerulein-
induced acute pancreatitis, possible attributing to its reducing impaired autophagy and restoring autophagic flux.

Keywords Resolvin D1 - Autophagy - Acute pancreatitis - Inflammation

Introduction trypsinogen activation, besides, regulating autophagy in AP

models can reduce inflammation of pancreas [3-7].

Acute pancreatitis (AP) is a common clinical hospitalized
illness. Despite significant progress achieved in medical
knowledge and effective treatments, AP remains consid-
erable incidence and mortality, which may attribute to its
obscure pathophysiological mechanism [1]. Trypsinogen
activation and excessive inflammation are considered as
key factors in the onset and progression of AP [2]. Increas-
ing evidence indicates that autophagy is implicated in
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Autophagy is an evolutionarily conserved cellular pro-
cess, characterized by double-membrane vesicles seques-
tering damaged organelles, misfolded protein aggregates,
and pathogens into autophagosomes, which then fusing
with lysosomes and maturating autolysosomes for degrada-
tion to maintain cell homeostasis [8]. There are three major
autophagic pathways: macroautophagy, chaperone-medi-
ated autophagy and microautophagy. Macroautophagy has
been most extensively studied, which usually is referred to
as autophagy and also used as such in this study [9]. Cur-
rent studies confirmed that autophagy is linked to diverse
biological processes, including mammalian development,
differentiation, and aging [10]. Autophagy is a double-
edged sword, physiological autophagy can promote health,
whereas beyond this range it will result in cell damage and
pathological conditions [11]. Basal autophagy maintains
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pancreatic acinar cell homeostasis [12]. In contrast, defec-
tive autophagy mediates acinar cell vacuole formation and
trypsinogen activation in models of AP, aggravating the
inflammation in the pancreas [4, 6, 7].

Resolvin D1 (RvD1) is an endogenous anti-inflammatory
and pro-resolving lipid mediator and derived from omega-3
polyunsaturated fatty acid. RvD1 has been proved to be
promising therapeutic role in inflammatory diseases [13]. It
is demonstrated that the level of RvD1 is negatively related
to incidence of post-ERCP pancreatitis in patients [14]. It is
also reported that RvD1 can protect mice against cerulein-
induced AP [15], but the mechanism of which remains poorly
understood. Previously, RvD1 has been identified to activate
autophagy in macrophage, inducing formation of autophago-
somes, facilitating fusion of autophagosomes with lysosomes
and supporting process of autophagic flux [16]. Therefore, we
speculated that RvD1 can attenuate severity of AP by regulat-
ing autophagy in cerulein-induced AP.

Materials and Methods
Animals and Reagents

Adult male C57BL/6 mice, weighing 18-22 g, were pro-
vided by Animal Center of Anhui Province. Mice were
adapted for a week before entering the experimental period
and housed in the environment with a room temperature and
a 12-12 h light—dark cycle. Cerulein was purchased from
Sigma (USA), and Resolvin D1 was from Cayman (USA).
a-Amylase assay kit, lipase assay kit and myeloperoxidase
(MPO) enzyme-linked immunosorbent assay (ELISA) kit
were purchased from Nanjing Jiancheng Bioengineering
institute (China). IL-1p, IL-6, IL-8, and TNF-a ELISA kit
were purchased from Shanghai Yuanye Bio-Technology Co.,
Ltd (China). Anti-Beclin-1 antibody and anti-LC3-II anti-
body were purchased from Abcam Ltd (Cambridge, UK).
Anti-P62 antibody and anti p-actin were from Bioss Ltd
(China).

AP Induction and Resolvin D1 Administration

A total of 30 Male C57BL/6 mice were randomly divided
into control group, AP group and RvD1 group. AP models
were induced by intraperitoneally cerulein (50 pg/kg/h) for
seven times. Resolvin D1 (50 ug/kg) was given intraperi-
toneally to the mice 1 h before and 4 h after the induction
of AP. Mice in control group received same dose of nor-
mal saline. The mice were killed after completion of AP
induction. Serum were harvested and stored at — 80 °C for
analysis; besides, pancreatic and lung tissue were rapidly
removed and stored in liquid nitrogen or fixed in 2.5% gluta-
raldehyde or fixed in 10% formalin for analysis. The protocol
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was approved by the Ethics Committee of the First Affiliated
Hospital of Anhui Medical University.

Amylase and Lipase Measurement

Serum Amylase and lipase activities were determined using
a-Amylase assay kit and lipase assay kit according to the
manufacturer’s instructions.

Inflammatory Cytokine

Pancreas and lung were homogenized in cold saline and
centrifuged for supernatant. The levels of IL-1f, IL-6,
IL-8, TNF-a, MPO and PGE2 were measured in the super-
natant using ELISA kits according to the manufacturer’s
instructions.

Histological Examination

Formalin-fixed and paraffin-embedded pancreatic and lung
tissue were sectioned. Sections were stained with hematoxy-
lin and eosin (H&E) for histological analysis to evaluate
the inflammatory injury degree of pancreatic and lung tis-
sue. All samples were scored by two experienced patholo-
gist who were blinded to experimental group. According
to the criteria described by Schmidt et al. [17], pancreatic
histopathological damage were estimated on edema, acinar
necrosis, hemorrhage and fat necrosis, and inflammation and
perivascular infiltrate scored from O to 4. Lung histopatho-
logical damage was quantified on alveolar congestion, hem-
orrhage, aggregation of neutrophils in airspace, and thick-
ness of the alveolar wall scored from 0 to 4 according to the
criteria described by Imanaka et al. [18].

Transmission Electron Microscope

To assess autophagic vacuoles in acinar cells, fresh pancre-
atic tissue were cut into small pieces (approximate 1 mm?)
and immediately fixed in a 2.5% glutaraldehyde at 4 °C over-
night. After being postfixed in 1% osmic acid and dehy-
drated with a step-wise gradient ethanol (30, 50, 70, 80, 95,
100%), samples were embedded in an epoxy resin. Samples
then were cut on a LKB-NOVA ultramicrotome into 70 nm
sections, which were examined under a JEM-1230F electron
microscope.

Reverse Transcription Quantitative Real-Time PCR
(RT-qPCR) Analysis

Total RNA was extracted from pancreatic tissue using the
TRIzol Reagent (Invitrogen, USA). RNA then were reverse
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transcribed into cDNA using the RevertAid™ first Strand
cDNA Synthesis Kit (Thermo Scientific, USA) according
to the manufacturer’s instructions. Quantitative PCR was
performed using QuantiFast SYBR Green PCR kit (Qiagen,
Hilden, Germany) and at reaction conditions of 95 °C for
2 min followed by 35 cycles of 95 °C for 10 s, 60 °C for 20 s.
Relative expression of the target gene was quantified using
the 2722C method and normalized with B-actin gene. The
primer sequences (Shanghai Bocai Biotechnology Co., Ltd.,
China) were as follows: Beclin-1: (forward) 5'-GCACCA
TGCAGGTGAGCTTC-3', (reverse) 5" TTTCGCCTGGGC
TGTGGTAA-3'; P62: (forward) 5'-AGGGAACTGCAG
CACACACT-3', (reverse) 5" TGCCTGCCACCTTTCACT
CA-3"; LC31II: (forward) 5'-CATGCCGTCCGAGAAGAC
CT-3', (reverse) 5'-GTGGTCAGGCACCAGGAACT-3";
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Fig. 1 Resolvin D1 can reduced the severity of cerulein-induced AP
in mice. a, b Activities of amylase and lipase in serum (n=10). c,
d Pancreatic and lung weight relative to body weight (n=10). e, f

B-actin: (forward) 5'-AGTGTGACGTTGACATCCGT-3’,
(Reverse) 5" TGCTAGGAGCCAGAGCAGTA-3'.

Western Blot Analysis

Protein was extracted from pancreatic tissue by being
homogenized with lysis buffer containing phenylmethylsul-
fonyl fluoride and centrifuged at 12,000 rpm for 15 min at
4 °C. The protein was separated on SDS-PAGE and trans-
ferred to PVDF membrane after electrophoresis. Blocked
with 5% skim milk in TBST for 2 h at room temperature,
membranes were then incubated with antibody against Bec-
lin-1 (1:1000), P62 (1:500), LC3-II (1:2000) and p-actin
(1:1000) at 4 °C overnight. After being washed with
TBST, membranes were incubated with HRP-conjugated
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«Fig.2 Resolvin D1 reduced inflammatory cytokine of pancreas and
lung in cerulein-induced AP in mice (n=8). a Levels of IL-1f in pan-
creatic and lung tissue. b Levels of IL-6 in pancreatic and lung tissue.
¢ Levels of IL-8 in pancreatic and lung tissue. d Levels of TNF-a in
pancreatic and lung tissue. e Levels of MPO in pancreatic and lung
tissue. f Levels of PGE2 in pancreatic and lung tissue. *P < 0.05

secondary antibodies for 2 h at room temperature. Washed
with TBST again, target protein was detected with SuperSig-
nal West Femto Trial Kit (Thermo Scientific, USA). Band
intensity was quantified with Image J software and normal-
ized with B-actin protein.

Statistical Analysis

All data were analyzed using SPSS 17.0 software and
expressed as the mean + standard deviation. Statistical sig-
nificance was evaluated using one-way analysis of variance,
followed by a Student—-Newman—Keuls test. P <0.05 was
thought to be significant.

Results

Resolvin D1 Protects Mice from Cerulein-Induced
Acute Pancreatitis

The model of cerulein-induced acute pancreatitis was con-
structed successfully, characterized by a severer pathological
damage of pancreas and lung, heavier relative pancreatic
weight and higher serum amylase and lipase activities than
control group (P <0.05). As we expected, mice in RvD]
group exhibited less inflammatory injury of pancreas and
lung in histopathologic examination compared with AP
group (P <0.05). Corresponding to histological manifesta-
tion, histological scores were markedly lower in the pancreas
and lung of mice in RvD1 group than AP group (P <0.05).
Similar to histological results, pancreatic and lung rela-
tive weight were lighter in RvD1 group than AP group
(P <0.05). In addition, serum amylase and lipase activities
were significantly decreased in RvD1 group than AP group
(P <0.05). These results indicated that the severity of AP
was obviously reduced by RvD1, as shown in Fig. 1.

Resolvin D1 Down-Regulates Inflammatory Cytokine
in Cerulein-Induced Acute Pancreatitis

It has been proved that increasing inflammatory cytokine
plays an important role in progression of AP [19]. Inflam-
matory cytokine can amplify inflammatory response of AP.
Thus, IL-1p, IL-6, IL-8, TNF-a, MPO and PGE2 were ana-
lyzed in pancreatic and lung tissue. Compared with control
group, levels of IL-1p, IL-6, IL-8, TNF-a, MPO and PGE2

in pancreatic tissue were significantly elevated in AP group
(P<0.05), as well as lung tissue (P <0.05). In contrast, these
inflammatory cytokine levels were dramatically reduced in
RvDI1 group in pancreatic tissue (P <0.05) and lung tissue
(P<0.05), as shown in Fig. 2.

Resolvin D1 Restores Autophagic Flux
in Cerulein-Induced Acute Pancreatitis

Based on autophagy involvement in the onset and develop-
ment of AP, we aimed to determine whether Resolvin D1
acts in resolution of AP inflammation through regulation
of autophagy. We successively performed transmission
electron microscopy, RT-qPCR and Western Blot analysis
for autophagic changes among three groups. Transmission
electron microscopy results displayed accumulation of
autophagic vacuoles and trypsinogen in both AP group and
RvD1 group according to previous described method [20];
furthermore, more vacuoles were showed in AP group than
RvD1 group (P <0.05), and size of autophagic vacuoles and
the number of trypsinogen was reduced in RvD1 group rela-
tive to AP group. Both autophagy induction and autophagy
impairment can lead to accumulation of autophagic vacu-
oles [3, 4]. The difference between autophagic induction and
impairment is efficiency of autophagic flux.

To evaluate the efficiency of autophagic flux [21, 22],
expression of autophagy-related markers were detected in
pancreas. By RT-qPCR analysis, mRNA levels of Beclin-1,
P62/SQSTM1 and LC3-II were higher in AP group com-
pared to control group (P <0.05). In contrast, mRNA levels
of Beclin-1, P62 and LC3-II were dramatically decreased
in RvD1 group (P <0.05). In accord with RT-qPCR results,
higher protein levels of Beclin-1, P62 and LC3-II were
observed in AP group than control group in Western Blot
analysis (P <0.05). RvD1 group exhibited lower protein lev-
els of Beclin-1, P62 and LC3-II than AP group (P <0.05), as
shown in Fig. 3. Autophagic vacuoles and Beclin-1 altera-
tion, together with an increase expression in both P62 and
LC3-II in AP group, suggested that autophagy is activated
but inefficient and impaired autophagic flux in cerulein-
induced AP. Thus, RvD1 reduce the number of autophagic
vacuoles and trypsinogen and these autophagy-related mark-
ers, indicating that RvD1 reduces impaired autophagic flux
and restores autophagic flux in cerulein-induced AP.

Discussion
This study demonstrated that Resolvin D1 can effectively

ameliorate the severity of cerulein-induced AP in mice,
down-regulating inflammatory cytokine. Besides, Resolvin
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Fig.3 Resolvin D1 reduced impaired autophagy and restoring »

autophagic flux in cerulein-induced AP in mice. a Representative
autophagic vacuoles in acinar cells under electron microscopy, aster-
isks standing for autophagic vacuoles, arrows standing for zymogen
granules, M standing for mitochondria; N standing for nucleus. Scale
Bar: 200 nm. b The quantification of autophagic vacuoles (n=4). ¢
Band intensity of Beclin-1, P62, LC3-II in pancreatic tissue among
three groups. d, e Relative expression Beclin of pancreas (n=6). f, g
Relative expression LC3-1I of pancreas (n=6). h, i Relative expres-
sion P62 of pancreas (n=6). Besides, data were expressed as fold
changes relative to f-actin. *P <0.05; **P <0.01

D1 attenuates the impaired autophagy and restore autophagic
flux in cerulein-induced AP.
AP accounts for considerable proportion of critical
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that RvD1 decreased the number and size of autophagic
vacuoles in acinar cells, contrasted with acinar cells of
mice administration of cerulein alone. Hashimoto et al. [3]
revealed that autophagic vacuoles accumulate in acinar cells
when autophagy is induced. In addition, Mareninova et al.
[4] revealed that acinar cell vacuole formation result from
impaired autophagic flux. Therefore, both autophagy induce-
ment and autophagic flux impairment can lead to vacuoles
accumulation in acinar cell.

To better understand autophagic changes in cerulein-
induced pancreatitis, autophagy-related markers were
detected in pancreas. This study showed that the expres-
sion of Beclin-1, P62 and LC3-II was evaluated in cerulein-
induced AP, which is consistent with previous study [4, 7,
26]. Beclin-1 is involved in autophagosome nucleation by
interacting with the class III phosphatidylinositol 3-kinase
(PI3K) and Vps34 [21]; thus, hyperexpression of Beclin-1
indicated that autophagy was activated in models of pan-
creatitis. P62 which binds to LC3 and ubiquitinated pro-
tein aggregates forming into autophagosome is degraded in
autophagy flux [21]. Accordingly, P62 is taken as a indica-
tor of autophagic degradation. Mammalian has two forms
of LC3, and LC3-I localized in the cytoplasm is trans-
formed into LC3-II. Amount of LC3-II is associated with
the number of autophagosomes, regarded as a indicator of
autophagosome formation [21]. Therefore, over-expression
of P62 in models of pancreatitis implied that efficiency of
autophagic degradation decreased. The tendency of P62
and LC3-II changes are in accordance with electron micros-
copy results. As previously reported [20, 22, 27], dramatic
increase in P62 and LC3-II expression, together with accu-
mulation of vacuoles, suggested that autophagic flux was
impaired in cerulein-induced AP, which is in accord with
previous studies [4, 7, 28]. Hence, RvD1 reduced expression
of p62 and LC3-II, number and size of autophagic vacuole,
indicating that RvD1 restored autophagic flux in cerulein-
induced AP.

In conclusion, our results show that autophagy was acti-
vated but autophagy flux was impaired in cerulein-induced
AP in mice, and RvD1 attenuates impaired autophagic flux.
Based on these results, we speculate that RvD1 can attenu-
ate the severity of AP correlated with its reducing impaired
autophagy and restoring autophagic flux, and more efforts
should be paid to investigate the mechanism of RvD1 reduc-
ing impaired autophagy in acinar cell.
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