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Abstract

Background/Aims: Acute pancreatitis contributes to high mortality in pancreatitis patients,
and miRNAs play a vital role in the development of acute pancreatitis (AP), however, its
precise biological role remains largely elusive. Methods: To clarify the potential mechanisms
of miRNAs in AP, we built mouse models of mild acute pancreatitis (MAP) and moderate/
severe acute pancreatitis (SAP). MiRNA microarray analysis and Real-time quantitative PCR
(QRT-PCR) were used to analyze the expression of miRNA in MAP/SAP. TargetScan software,
dual-luciferase gene reporter assays and Western blotting were used to assess the target
genes of miR-155-5p in AP. Results: miR-155-5p was significantly decreased in MAP/SAP
mice compared to controls. In pancreatic acinar AR42) cells transfected with miR-155-5p
mimic, the expression of Rela and Traf3 notably decreased in both the caerulein- and TLC-S-
induced groups compared with the negative control (NC); however, the expression of Rela and
Traf3 notably increased after transfection with miR-155-5p inhibitor. Combined analysis using
the TargetScan software and dual-luciferase gene reporter assays indicated that Rela and
Traf3 were both targeted by miR-155-5p. Meanwhile, the expression of Ptgs2 also decreased
after transfection of the AR42J cells with miR-155-5p mimic. The opposite results were found
when miR-155-5p inhibitor was transfected into the AR42) cells. In addition, we treated
caerulein- and TLC-S-induced AR42) cells with the Rela inhibitor helenalin and found that the
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expression of Rela, Traf3 and Ptgs2 decreased compared with the NC, while the expression of
miR-155-5p did not show any significant difference. Furthermore, we found that miR-155-5p
was significantly down-regulated in pancreatitis patients. Conclusion: miR-155-5p inversely
regulated AP development through the Rela/Traf3/Ptgs2 signaling pathway.

© 2018 The Author(s)
Published by S. Karger AG, Basel

Introduction

Acute pancreatitis (AP) is an inflammatory process of the pancreas and has a broad
spectrum of clinical manifestations and variations of various biochemical indexes [1]. It has
been reported that the average incidence rate of AP is 19 cases per 100, 000 people per
year [2]. Notably, the morbidity and mortality of severe acute pancreatitis (SAP) can reach
25-45% [3]. Considering the negative impact of AP on human health, it is urgent for us to
clarify the mechanisms of occurrence and development of AP and investigate its potential
therapeutic targets.

MicroRNAsareaclassof 21-23 nucleotide long, non-coding, single-stranded, endogenous
small RNA molecules that regulate gene expression by binding to the 3’-untranslated region
(3’-UTR) of an mRNA target to promote mRNA degradation and/or translational repression
[4, 5]. Ithas been reported that miRNAs exert vital roles in a variety of inflammatory diseases,
such as acute kidney injury [6], adipose tissue inflammation [7], inflammatory bowel
disease [8], periapical lesions and human periodontal ligament fibroblast inflammation [9]
and allergy and asthma [10]. In addition, a few studies have focused on the relationship
between miRNAs and AP. Zhu H et al. found that miR-141 targeted HMGB1 in the regulation
of autophagy in L-arginine-induced acute pancreatitis [11], and Gao B et al. found that the
down-regulation of miR-148b-3p was associated with starvation-induced autophagy in
the AR42] pancreatic acinar cell line [12]. Ku$nierz-Cabala B et al. demonstrated that the
expression levels of miR-126-5p, miR-148a-3p, miR-216a-5p, miR-551b-5p and miR-375
were significantly elevated in moderate and severe acute pancreatitis (SAP) when compared
to control subjects; however, in mild acute pancreatitis (MAP) patients, only miR-216a-5p,
miR-551b-5p, and miR-375 were highly expressed [13]. Ma X et al. reported that miR-21
was overexpressed in a murine model of AP [14], and An F et al. discovered that miR-24-
3p, miR-361-5p, miR-1246 and miR-222-3p were constantly up-regulated, and miR-181a-5p
was constantly down-regulated, in hypertriglyceridemia-induced acute pancreatitis patients
[15]. Moreover, it has been reported that miR-375, miR-217, miR-148a, miR-216a, miR-122,
miR-214 and miR-138 were increased in mesenteric lymph nodes from rats with AP, and miR-
217, miR-375, miR-122 and miR-148a were also increased in matched rat plasma samples
[16]. Though many miRNAs have been reported as biomarkers for AP, additional research
is necessary regarding miR-155-5p, which is involved in chronic inflammation caused by
adipose tissue [17], and whose role in the development of AP is still not clear.

In this research, we established two acute pancreatitis mouse models of MAP and
SAP, respectively, and through miRNA microarray analyses, we found that miR-155-5p was
significantly down-regulated in these two mouse models. Afterwards, we conducted a series
of in vivo and in vitro experiments to confirm that Rela (p65), a transcription factor in the
NF-xB family, and tumor necrosis factor (TNF) receptor-associated factor 3 (Traf3) were
targeted by miR-155-5p. In addition, we also validated that prostaglandin-endoperoxide
synthase 2 (Ptgs2) acted downstream of Traf3 and was also regulated by Rela in caerulein-
or TLC-S-induced AR42] cells. Thus, this study discovered a new biomarker of AP: miR-155-
5p, which was negatively correlated with the severity of AP and regulated pancreatic acinar
cell deterioration through the inhibition of the Rela/Traf3 /Ptgs2 signaling pathway.
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Materials and Methods

Animals

All experiments were performed according to standard protocols approved by the Institutional Animal
Care and Committee of the Hunan Normal University. The C57BL/6 mice, 6-8 weeks of age, were housed
in autoclaved oblong cages at a standard ambient temperature of 20 + 3°C and under a 12-hour light-dark
cycle. Animals were fed standard chow and given water ad libitum at the Animal Center of the First Affiliated
Hospital of Hunan Normal University.

Acute pancreatitis mouse models

To simulate the pathology of human AP, we used caerulein and caerulein + lipopolysaccharide (LPS)
to build the mild acute pancreatitis (MAP) and moderate/severe acute pancreatitis (SAP) mouse models,
respectively. To construct the caerulein-induced MAP model, C57BL/6 male mice were intraperitoneally
injected with 45 ng/kg caerulein every 6 h for 72 h; to build the caerulein + lipopolysaccharide (LPS)-
induced SAP model, C57BL/6 male mice were intraperitoneally injected with 45 pg/kg caerulein every 6 h
for 72 h and then given a single intraperitoneal injection of LPS (10 mg/kg). The control mice were injected
with equal volumes of 0.9% NaCl every 6 h for 72 h. All induced animals were euthanized via CO, inhalation
1 h later after the last caerulein, LPS or 0.9% NacCl injection, and fresh blood and pancreatic acinar tissue
samples were appropriately collected for analysis. Firstly we removed the blood vessels and connective
tissues around the pancreas, and then cut the head and the tail of the pancreas. Afterwords, the body of
the pancreas was taken out and put into the saline for washing, and then the body of the pancreas was cut
open. The inner layer of the pancreas body of 3-5 mice was scraped and the total protein was extracted for
western blot analysis.

Patients and sample collection

This research included 53 AP patients admitted to the Department of Hepatobiliary Surgery and 53
healthy subjects from the Center of Health Management of the Hunan Provincial People’s Hospital/The First
Affiliated Hospital of Hunan Normal University; the participants were recruited between 2016/10/19 and
2017/10/19. All subjects provided signed informed consent in accordance with the declaration of Helsinki
and with the permission of Ethics Committee of Hunan Normal University. The severity of the AP cases
was based on the revised Atlanta Classification [18]. AP patients’ peripheral blood samples were collected
during the first 48 h after the admission from the patients’ cubital vein. The serum samples from AP patients
and healthy people were stored at -80°C and analyzed by RT-PCR within one week after collection. In
addition, during or after sample collection, the researchers recorded each of the participants’ individual
basic information, which was archived in detail in order to ensure that each participant’s information could
be clearly identified.

miRNA microarray analysis

Total RNA of peripheral serum from MAP or SAP mouse models was extracted using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA). miRNA microarray analysis was used to detect the differential expression of
miRNAs in the peripheral blood between the MAP or SAP mice and controls.

Acinar cell culture, treatment and transfection

The rat pancreatic acinar cell line AR42] (Department of Shanghai Cell Biology, Shanghai, China) was
cultured in DMEM-F/12 medium (Gibco, Grand Island, NY, USA) containing 15% fetal bovine serum (Gibco,
Grand Island, NY, USA) with 100 U/mL penicillin and 100 mg/mL streptomycin (HyClone, Logan, UT, USA) in
a humidified incubator at 37°C with 5% CO,atmosphere. The AR42] cells were digested with 0.25% trypsin
(HyClone) and seeded in 6-well plates (1 x 10° cells/well) after reaching 100% confluence. And then, after
the cells reached 70% confluence, the cells were divided into three groups: one was treated with caerulein
(100 nM); another was treated with the natural bile acid TLC-S (250 pM), and the last group was treated
with L-arginine (150 puM) for 45 minutes to mimic the pathological stages of AP. Subsequently, the culture
medium was discarded and replaced with fresh medium, and some of them were extracted protein while the
rest were transfected with 80 nM miR-155-5p mimic (or its NC) or 100 nM miR-155-5p inhibitor (or its NC)
(Sangon Biotech, Shanghai, China) using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA). In addition,
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cells were independently transfected with 100 uM helenalin or its NC (Selleck Chemicals, Houston, TX, USA)
according to the manufacturer’s protocol. After transfection with miR-155-5p mimic or inhibitor for 4-6 h,
the transfection medium was changed with fresh normal medium, and 24 h later, total RNA or total proteins
were extracted. In the helenalin transfections, there was no need to change the transfection medium until
the extraction of total RNA or total proteins.

Western blotting

Total proteins were extracted from the pancreatic acinar tissues and the transfected AR42] cells
using RIPA Lysis Buffer (Thermo Fisher Scientific, Waltham, MA, USA) supplemented with 100x proteinase
inhibitor and separated by 4%-12% SDS-PAGE. Then, the proteins were transferred to a PVDF membrane
(Merck Millipore, Billerica, MA, USA) and blocked with 5% non-fat milk for 1.5h at room temperature.
The rabbit primary anti-Rela (1:1000 dilution), anti-Traf3 (1:800 dilution), anti-Ptgs2 (1:500 dilution),
anti-TNF-a (1:750 dilution), anti-IL-6 (1:500 dilution) and anti-f-actin (1:1000 dilution) antibodies were
purchased from Abcam (Cambridge, MA, USA). The secondary antibody (ZSGB-BIO, Beijing, China) was used
at the dilution of 1:5000. Signals were visualized with an ECL kit (Invitrogen). The gray bands were analyzed
with Image] software (NIH, Bethesda, MD, USA) to compare the expression between targeted proteins and
internal controls.

Quantitative real-time PCR analysis

Total RNA was extracted from pancreatic acinar tissues or transfected AR42] cells using TRIzol reagent
(Invitrogen), and 1 pg total RNA was reverse transcribed using a reverse transcription kit (Takara, Tokyo,
Japan) according to the manufacturer’s protocol. Sequences of the primers were as Supplement Table 1
(For all supplemental material see www.karger.com/ 10.1159/000495648/): Reactions were performed
and analyzed using the standard SYBR Green Assay protocol on a Real-Time PCR System (Roche, Basel,
Switzerland). The comparative 24t cycle threshold method was used for relative quantification of gene
expression. Each sample was analyzed in triplicate.

Dual-luciferase activity assay

Fragments containing the 3’'UTRs of mouse Rela and Traf3 were amplified from mouse genomic DNA
with the following primer pairs: Rela forward, 5'-GGA GGA GCA AAC GCA GGA GCA AAA ACC ACC AGG AGA
CGG AGC -3', Rela reverse 5'-CTC GAC ATG GAT CCC TGC ACA CCT TGA TCC AAA GCA ACG CTC-3"; Traf3
forward, GAG TTA GCA GCA CGC CAC AAC ACC AGA TAG CAT TAT GAT GTT-3', Traf3 reverse, 5'- GTA ATG CTC
AAG TGT CTA TTA GAG GAA AAT AAA GCT GAT TCA-3'. The pGL3-Rela-wild or pGL3-Traf3-wild reporters
were constructed by digestion of the PCR products of 3'UTR of Rela or Traf3 with Xbal and subsequent
cloning into the corresponding site of the pGL3 vector. The QuikChange II Site-Directed Mutagenesis Kit
(Takara) was used to introduce mutations into the putative recognition sites of miR-155-5p, according to
the manufacturer’s protocol. We inserted the 3’'UTR of the Rela or Traf3 DNA sequence (Rela or Traf3 3'UTR)
with either an miR-155-5p mimic or an miR-155-5p inhibitor immediately downstream of the firefly or
renilla luciferase gene. The normalized luciferase activity for each construct was compared to that of the
pGL3 Vector control (no insert). Then, 500 ng of the Luciferase reporter, 80 nM miRNA-155-5p mimic or its
NC, 100 nM miRNA-155-5p inhibitor or its NC and 30 ng of the pRL-TK Renilla Luciferase Reporter Vector
(Promega, Madison, W1, USA) were added to each 24-well plate (4~5 x 10* cells/well) for transfection. After
48 h, the cells were collected and the luciferase activity was measured with the Dual-Luciferase® Reporter
Assay system (Promega).

Statistical Analysis

Data are presented as the mean + SD. All statistical analyses were performed using the SPSS17.0
software. Differences between groups were compared using Student’s t-test for two groups or one-way
ANOVA to compare three or more groups. Categorical variables were compared with the Fisher 2-tailed
exact test. Statistical significance was accepted at P < 0.05.
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Results

MiRNA microarray

analysis showed the

differential expressions

of miRNAs

To investigate the
different stages of AP, we
built mouse models of MAP
and SAP and then isolated
serum from the peripheral
blood of the mice. We used
an miRNA microarray to
analyze the differential
expression of miRNAs in
experimental and control
mice. In comparing MAP and
control mice, we found 64
miRNAs from the peripheral
blood that showed obvious,
significant differences.
Among the 64 miRNAs, 34
miRNAs were up-regulated
and 30 miRNAs were
down-regulated compared
to the control. Notably,
miR-455-5p was the most
up-regulated (elevated
approximately 21-fold)
while the expression of miR-
155-5p was the most down-
regulated (declined nearly
17-fold) (Table 1). When
we compared the relative
miRNA expression between
SAP and control mice,
we clearly found that the
expression of miR-302-3p
was the most up-regulated
(elevated  approximately
22-fold), while miR-155-5p
was still the most down-
regulated miRNA (declined
20-fold) (Table 2).

© 2018 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb

Traf3

Table 1. MiRNA microarray analysis of differentially expressed
microRNAs in the caerulein-induced pancreatitis model and control

mice (pancreatitis mice/control mice)

MicroRNAs Up-regulated (Vahf’e) MicroRNAs Down-regulated (valfe)
mmu-miR-455-5p 21.38 0.0017 mmu-miR-195 091 0.0013
mmu-miR-302-3p 19.74 0.0078 mmu-miR-445-5p 0.87 0.0301
mmu-miR-373-3p 17.65 0.0197 mmu-miR-1306 0.77 0.0093
mmu-miR-122 15.77 0.0213 mmu-miR-130a-3p 0.72 0.0193
mmu-miR-808 15.33 0.0108 mmu-miR-301a 0.66 0.0219
mmu-miR-148 14.88 0.0079 mmu-miR-301b 0.61 0.0091
mmu-miR-138-5p 14.23 0.0041 mmu-miR-351-5p 0.55 0.0312
mmu-miR-29-3p 13.77 0.0037  mmu-miR-125b-5p 0.52 0.0401
mmu-miR-223 12.98 0.0073  mmu-miR-125a-5p 0.47 0.0047
mmu-miR-182 12.57 0.0409 mmu-miR-99 0.43 0.0012
mmu-miR-194-5p 11.38 0.0078 mmu-miR-100 0.39 0.0079
mmu-miR-506-3p 11.75 0.0018 mmu-miR-208-3p 0.38 0.0016
mmu-miR-372-3p 9.11 0.0051 mmu-miR-499-5p 0.33 0.0073
mmu-miR-520a-3p 8.11 0.0182 mmu-miR-27-3p 0.31 0.0147
mmu-miR-520d-3p 7.31 0.0047 mmu-miR-33-5p 0.28 0.0045
mmu-miR-520e 7.01 0.0301 mmu-miR-295 0.25 0.0078
mmu-miR-1306-5p 5.89 0.0072 mmu-miR-23 0.23 0.0128
mmu-miR-7a-5p 5.12 0.0094 mmu-miR-100 0.21 0.0327
mmu-miR-490 491 0.0287 mmu-miR-19-3p 0.20 0.0421
mmu-miR-802 4.18 0.0092 mmu-miR-338 0.19 0.0219
mmu-miR-194 3.98 0.0731 mmu-miR-181 0.18 0.0128
mmu-miR-140 3.54 0.0083 mmu-miR-130 0.17 0.0271
mmu-miR-125-5P 3.33 0.0072 mmu-miR-301-3p 0.17 0.0231
mmu-miR-132 3.11 0.0064 mmu-miR-204-5p 0.16 0.0317
mmu-miR-194 2.98 0.0048 mmu-miR-211-5p 0.15 0.0187
mmu-miR-205-5p 2.56 0.0317 mmu-miR-351 0.13 0.0035
mmu-miR-212 2.22 0.0019 mmu-miR-125 0.11 0.0013
mmu-miR-122 2.14 0.0052 mmu-miR-363 0.10 0.0062
mmu-miR-15 2.13 0.0081 mmu-miR-367 0.09 0.0023
mmu-miR-16 2.03 0.0017 mmu-miR-155-5p 0.06 0.0011
mmu-miR-302 1.99 0.0057

mmu-miR-138 1.78 0.0073

mmu-miR-22 1.34 0.0049

mmu-miR-13-3p 1.12 0.0209

Table 2. MiRNA microarray analysis of differentially expressed
microRNAs in TCL-S-induced pancreatitis model and control mice

(pancreatitis mice/control mice)

MicroRNAs Up-regulated (valll:e) MicroRNAs Down-regulated (vahl:e)
mmu-miR-302-3p 2233 0.0032 mmu-miR-445-5p 091 0.0109
mmu-miR-455-5p 21.78 0.0149 mmu-miR-195 0.88 0.0216
mmu-miR-373-3p 20.44 0.0021 mmu-miR-1306 0.85 0.0093
mmu-miR-122 19.89 0.0078 mmu-miR-130a-3p 0.72 0.0071
mmu-miR-808 17.23 0.0172 mmu-miR-301a 0.71 0.0341
mmu-miR-138-5p 14.67 0.0209 mmu-miR-301b 0.66 0.0182
mmu-miR-29-3p 14.12 0.0182  mmu-miR-125b-5p 0.58 0.0117
mmu-miR-148 1391 0.0197 mmu-miR-351-5p 0.52 0.0028
mmu-miR-223 13.27 0.0213  mmu-miR-125a-5p 0.45 0.0419
mmu-miR-182 12.92 0.0172 mmu-miR-99 0.41 0.0192
mmu-miR-506-3p 12.56 0.0091 mmu-miR-100 0.36 0.0075
mmu-miR-372-3p 11.78 0.0413 mmu-miR-208-3p 0.34 0.0112
mmu-miR-194-5p 10.78 0.0117 mmu-miR-27-3p 0.33 0.0213
mmu-miR-520a-3p 10.67 0.0075 mmu-miR-499-5p 0.31 0.0173
mmu-miR-520d-3p 9.33 0.0097 mmu-miR-33-5p 0.27 0.0053
mmu-miR-520e 8.23 0.0182 mmu-miR-100 0.26 0.0319
mmu-miR-1306-5p 7.67 0.0041 mmu-miR-19-3p 0.24 0.0401
mmu-miR-7a-5p 7.01 0.0314 mmu-miR-338 0.23 0.0047
mmu-miR-490 6.54 0.0019 mmu-miR-295 0.22 0.0053
mmu-miR-802 5.78 0.0064 mmu-miR-23 0.19 0.0072
mmu-miR-194 5.01 0.0182 mmu-miR-211-5p 0.17 0.0126
mmu-miR-140 4.78 0.0205 mmu-miR-181 0.16 0.0277
mmu-miR-122 4.77 0.0311 mmu-miR-130 0.14 0.0175
mmu-miR-125-5P 4.09 0.0102 mmu-miR-301-3p 0.14 0.0091
mmu-miR-132 3.95 0.0081 mmu-miR-204-5p 0.13 0.0192
mmu-miR-15 3.77 0.0226 mmu-miR-351 0.12 0.0213
mmu-miR-194 3.11 0.0072 mmu-miR-125 0.09 0.0061
mmu-miR-205-5p 2.98 0.0271 mmu-miR-367 0.08 0.0143
mmu-miR-16 2.87 0.0317 mmu-miR-363 0.07 0.0093
mmu-miR-212 211 0.0219 mmu-miR-155-5p 0.05 0.0049
mmu-miR-302 1.88 0.0108

mmu-miR-138 1.78 0.0411

mmu-miR-22 1.56 0.0079

mmu-miR-13-3p 1.12 0.0127
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Fig. 1. Combined
9 . . A Predicted consequential pairing of target region (top)
analysis with the and miRNA (bottom)
TargetScan software Position 171-178 of Rela 3 UTR § ... AGGUGCUUUCGCAGGAGCAUUAL . .
_luci [TTTTT] 8mer
and dual-luciferase MR 155 5h T UGGGCAUACUCUTAICGUAAUT
gene reporter assays to
confirm that Rela was | B
targeted by miR-155- WT:

5p. A. The predicted
corresponding
sequences of miR-155-
5p and 3'UTR of Rela
mRNA. B. The sequences
on the top refer to the
wild-type matching

GCTTTCGGAGGTGCTTTCGCAGGAGCATTAACCTCCTGGAGACGGAG

(Mutant: GCTTTCGGAGGTGCTTTCGCA

15 - *kok

I sekok I

—

>
L

——————— A O SR A A A

*%
[

*%

1

o
1

sequences of miR-155-
5p and 3'UTR of Rela
mRNA, while the ones
at the bottom refer to
the mutated matching
sequences of miR- 0 0
155-5p and 3’'UTR of
Rela mRNA. C. When
miR-155-5p mimic
and Rela 3'UTR wild

w
L

Luciferase activity

Luciferase activity

[ Blank + miR-155-5p mimic
@ Relo mutant + miR-155-5p mimic
@ Reio WT + miR-155-5p mimic

3 Rela 3'UTR + Blank
@ Rela 3'UTR + miR-155-5p mimic
@ Relo 3'UTR + miR-155-5p inhibitor

F
type (WT) were co- E Rela
. Rel Rela  /Wi—_—
transfected into AR42] L5 - O 4 - " —
. * . B-actin — -
cells, the luciferase g Practin - e — =
1 =]
activity obviously § 08 Hx %3 10 e
decreased; however, the z10 3 g 5
. o . ! © £ 0.8
luciferase activity did < 206 s, g
not significantly change % &é & “’é’ 0.6
. . 0.4
when miR-155-5p mimic 205 § 2 g 04
g 3 2 g o
and Rela 3'UTR mutant g 802 5! g
s ~ 502
were co-transfected P P
into AR42] cells. D. The 0.0 =00 0 =00
luciferase activity was & ¢ &« & L & ®
. © © ; § ¥ 5
significantly promoted N t-ﬁ& & & & & &
SANNSRS o & RS R $
when miR-155-5p @" ‘:°>bQ Qf’ S KA & &
. s , Q> S s / P
inhibitor and Rela 3’'UTR | ¢ %\&’\ < & & %\5" & &
were co-transfected ’ N & &

into AR42] cells, but the

results were the opposite when miR-155-5p mimic and Rela 3'UTR were co-transfected into AR42] cells. E, F.
After transfection of AR42] cells with miR-155-5p mimic, both at the mRNA and protein level, the expression
of Rela was reduced compared with the NC, and the results were reversed upon transfection with miR-155-
5p inhibitor. *P < 0.05, **P < 0.01, ***P < 0.001.

Combined analysis with the TargetScan software, dual-luciferase gene reporter assays and

transfection of AR42] cells to confirm that Rela was targeted by miR-155-5p

Since the expression of miR-155-5p was the lowest in both MAP and SAP mice, compared
to controls, this miRNA was selected for further analysis in this research. Thus, in order to
determine the potential target genes of miR-155-5p that could be related to pancreatitis, we
first confirmed that Rela was one of the genes targeted by miR-155-5p and then analyzed the
alignment of their sequences using the TargetScan software (Fig. 1A and 1B). In addition, we
transfected the AR42] cells with the corresponding sequences of Rela wild-type (WT) mRNA
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and miR-155-5p and found that the luciferase activity significantly decreased. However,
the luciferase activity did not change significantly when Rela mutant mRNA and miR-155-
5p were transfected into the AR42] cells (Fig. 1C). Importantly, the luciferase activity was
relatively up-regulated upon transfection of the corresponding sequences of miR-155-5p
inhibitor and the 3’'UTR of Rela mRNA into the AR42] cells. Furthermore, we obtained the
opposite results after transfection of miR-155-5p mimic (Fig. 1D). In L-arginine-induced
AR42] cells transfected with miR-155-5p mimic, the expression of Rela decreased at both
the transcriptional and post-transcriptional level (Fig. 1E). However, the results were the
opposite after transfection with miR-155-5p inhibitor (Fig. 1F).

Fig. 2. Through
TargetScan software
and dual-luciferase

genes reporter assays
to verify that Traf3
was also targeted by
miR-155-5p. A. The
predicted corresponding
sequences of miR-
155-5p and 3’'UTR of
Traf3 mRNA. B. The
sequences on the top
refer to the wild-type
matching sequences of
miR-155-5p and 3'UTR
of Traf3 mRNA, while
the ones at the bottom
refer to the mutated
matching sequences of
miR-155-5p and 3’UTR
of Traf3 mRNA. C. The
luciferase activity was
decreased when miR-
155-5p mimic and Traf3
3'UTR wild type (WT)
were co-transfected into
AR42] cells, however, the
luciferase activity was
no change after miR-
155-5p mimic and Traf3
3'UTR mutant were co-
transfected into AR42]
cells. D. The luciferase
activity was significantly
promoted when miR-
155-5p inhibitor and
Traf 3’'UTR were co-
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transfected into AR42] cells, but the results were the opposite when miR-155-5p mimic and Traf3 3'UTR
were co-transfected into AR42] cells. E, F. After transfection of AR42] cells with miR-155-5p mimic, the
expression of Traf3 was reduced at both the mRNA and protein level compared with the NC; however, the
results were reversed upon transfection with miR-155-5p inhibitor. *P < 0.05, **P < 0.01, ***P < 0.001.
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Through TargetScan software, and dual-luciferase gene reporter assays and transfection

of AR42] cells to verify that Traf3 was also targeted by miR-155-5p

Through targetscan software, we also found the binding sequences of miR-155-5p and
3’'UTR of Traf3 (Fig. 2A and 2B). Afterwards, the corresponding sequences of Traf3 WT
mRNA and miR-155-5p were transfected into the cells, and found the luciferase activity was
decreased. However, after Traf3 mutant mRNA and miR-155-5p were co-transfected into the
cells, the luciferase activity was no statistical difference (Fig. 2C). In addition, the luciferase
activity was elevated as the binding sequences of miR-155-5p inhibitor and the 3'UTR of
Traf3 were transfected into the cells, but the results were opposite after miR-155-5p mimic
replaced miR-155-5p inhibitor (Fig. 2D). In AR42] cells induced with L-arginine, which was
transfected with miR-155-5p mimic, the expression of Traf3 was declined at both mRNA and
protein level (Fig. 2E). However, the results turned to be reverse after miR-155-5p inhibitor
was transfected into the cells (Fig. 2F).

The expression of TNF-a and IL-6 and Rela/Traf3/Ptgs2 were elevated after AR42] cells

were induced by caerulein- or L-arginine or TLC-S

It has been found that the expression levels of TNF-a and IL-6 were positively correlated
to the severity of AP[18, 19]. After the AR42] cells were induced by caerulein- or L-arginine
or TLC-S for 45 minutes, the total protein and RNA were extracted, and through WB analysis,
we found that the expression of Rela, Traf3 and Ptgs2 were highest in TLC-S induced cells,
followed by in caerulein group and the control group (Fig. 3A and 3B). Through RT-PCR
analysis, the relative expression of TNF-a and IL-6 were significantly elevated in caerulein- or
L-arginine or TLC-S group compared with in control group. Furthermore, the expression of
TNF-a and IL-6 were higher in TLC-S group than in caerulein and L-arginine group between
which there was no statistical differences (Fig. 3C).

Fig. 3. The expression [ A B i,
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regulated in AR42] cells Traf3 L ~
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L-arginine or TLC-S. A, B. [ Pies2 s s S
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higher in TLC-S group
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The expression of TNF-a
and IL-6 were statistically
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<0.01, **P < 0.001.
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The expression of Rela, Traf3 and Ptgs2 in pancreatic tissues from caerulein- or caerulein

+ LPS-induced mice

We extracted total protein from pancreas tissues in control, caerulein- and caerulein
+ LPS-induced mice, and through western blotting (WB) analysis, it was found that the
expression of inflammatory factors of TNF-a and IL-6 was significantly promoted in
caerulein induced MAP and caerulein + LPS-induced SAP mice compared to in control mice.
Furthermore, the expression of TNF-a and IL-6 was higher in SAP mice than in MAP mice
(Fig. 4A and 4B). We found that the expression of Rela, Traf3 and Ptgs2 was obviously higher
in caerulein- and caerulein + LPS-induced MAP and SAP mice respectively compared to
control mice (Fig. 4C and 4D). However, at the mRNA level, the expression of Rela, Traf3 and
Ptgs2 did not show any significant difference (Fig. 4E). In addition, we also extracted the total
RNA from the mice pancreas tissues and, after reverse transcription and through RT-PCR, we
found that the relative expression of miR-155-5p was significantly lower in caerulein and
caerulein + LPS-induced MAP and SAP mice respectively compared to control mice (Fig. 4F).
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The expression of Rela, Traf3 and Ptgs2 in AR42] cells after treatment with caerulein or

TLC-S and transfection with miR-155-5p mimic or inhibitor

We simulated MAP or SAP in AR42] cells via incubation with caerulein or TLC-S,
respectively, and then we transfected the cells with miR-155-5p mimic or inhibitor. In miR-
155-5p mimic group, we found that the relative expression of Rela, Traf3 and Ptgs2 protein
notably declined compared with the NC group, in both the caerulein- and TLC-S-induced
AR42] cells (Fig. 5A and 5C). However, in miR-155-5p inhibitor group, the relative expression
of Rela, Traf3 and Ptgs2 protein was significantly promoted in comparison with the NC
group, in both the caerulein- and TLC-S-induced AR42] cells (Fig. 5B and 5D). Notably, at
the transcriptional level, the relative expression of Rela and Traf3 was significantly down-
regulated in miR-155-5p mimic group, in both the caerulein- and TLC-S-induced AR42] cells
(Fig. 5E), while the results were the opposite in miR-155-5p inhibitor group (Fig. 5F).
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The expression of Rela, Traf3 and Ptgs2

and miR-155-5p in AR42] cells after

treatment with caerulein or TLC-S and

transfection with helenalin

We transfected the Rela inhibitor
helenalin into AR42] cells treated with
caerulein or TLC-S and found that the
expression of Rela was significantly down-
regulated at the mRNA level (Fig. 6A).
However, the expression of Traf3 and Ptgs2
did not significantly change (Fig. 6B). At the
protein level, the relative expression of Rela,

Table 3. The basic characteristics of the research
subjects. Values are given as the mean # standard

deviation (SD);
Student’s t test

2 Fisher 2-tailed exact test;

b

Parameters MAP (n=29) SAP (n=24) P (value)
Age (years) 52+14 52+15 0.4337°b
Male 15(51.7%) 13 (54.2%) 04011 2
Female 14(48.3%) 11 (45.8%)

Gallbladder lithiasis 13 (44.8%) 10(41.7%) 0.3122=
Hypertriglyceridemia 4 (13.8%) 3(12.5%) 0.3097a
Alcoholism 11(37.9%) 9(37.5%) 0.2978a
Other 1(3.5%) 2 (8.3%) 0.5022a

Traf3 and Ptgs2 obviously decreased in the helenalin group in comparison with the NC group,
in both the caerulein- and TLC-S-induced AR42] cells (Fig. 6C and 6D). In addition, we also
detected the relative expression of miR-155-5p in AR42] cells, and miR-155-5p expression
was no change in both the caerulein- and TLC-S-induced cells transfected with helenalin and

in the NC group (Fig. 6E).
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The relative expression of miR-155-5p in

AP patients and healthy subjects

To detect the relative expression of
miR-155-5p in AP patients and healthy
subjects, we collected serum from 53 AP
patients and 53 healthy subjects. Among
the 53 AP patients, 29 were diagnosed with
MAP and 24 with SAP, according to the
revised Atlanta Classification [20]. In regard
to age, gender, and risk factors related to
pancreatitis, we did not find any significant
difference between MAP and SAP (Table 3).
Through qRT-PCR analysis, we found that
the relative expression of miR-155-5p was
notably lower in AP patients in comparison
with healthy subjects (Fig. 7A). Importantly,
the decrease in the relative expression
of miR-155-5p was more obvious in SAP
patients compared with MAP patients (Fig.
7B).

Discussion

In previous studies, researchers have
focused their attention on the dysregulation
of gene transcription and translation in
the process of pancreatitis. However, few
studies have demonstrated the important
relationship between miRNAs and AP
Nonetheless, miRNAs exert vital roles in
the occurrence and development of AP. A
great deal of evidence has illustrated that

>
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The relative expression of miRNA
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Fig. 7. The relative expression of miR-155-5p in
the normal and pancreatitis groups. A. Compared
with the healthy patients group (n=53), the
relative expression of miR-155-5p was significantly
decreased in the pancreatitis group (n=53). B. In
comparison with the MAP patients group (n=29), the

miRNAs’ primary function is to suppress
the expression of downstream target genes
by interacting with the 3'UTR of their
mRNA[21-23], and therefore, miRNAs play
critical regulatory roles in AP. It has been
reported that miR-29 contributes to apoptosis in AR42] cells by targeting TNFRSF1A[24];
miR-22 and miR-135a promotes the apoptosis of pancreatic acinar cells in acute edematous
pancreatitis through ErbB3 and Ptk2[25]; miR-141 plays an important role in the regulation
of autophagy in L-arginine-induced acute pancreatitis by targeting HMGB1[11]. In addition,
in recent studies, a few up-regulated miRNAs have been reported to be involved in the
development and progression of AP. miR-19b up-regulation promotes the necrosis of
pancreatic acinar cells, and miR-19b inhibition decreases the rate of pancreatic acinar cell
necrosis [26]; miR-21 is up-regulated in a murine model of acute pancreatitis and promotes
cellular necrosis by inversely regulating tumor suppressor genes [14]; the expression of
miR-216a and miR-216b was considerably increased in a rat model of L-arginine induced
acute pancreatitis [27]. However, no studies have focused on the relationship between the
low expression of miR-155-5p and AP.

In this research, we built MAP and SAP mouse models to simulate the stages of AP in
patients. In the process that brought us to focus on the relative expression of miR-155-5p
in peripheral blood, we found that there were 64 miRNAs showing statistically significant
differences and among them 34 miRNAs were obviously up-regulated, while 30 miRNAs

relative expression of miR-155-5p was significantly
reduced in the SAP patients group (n=24). *P 0.05,
**P <0.01.
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were down-regulated. However, only the expression of miR-155-5p was the lowest both in
MAP and SAP mice. Notably, the expression of miR-155-5p decreased 20-fold in SAP mice
(this was the greatest decrease) and approximately 17-fold in MAP mice. For this reason,
we selected miR-155-5p as the miRNA to study further in this research, and the results
seemed to indicate that miR-155-5p was closely related to the severity of AP. Specifically, we
identified and validated two target genes of miR-155-5p, Rela and Traf3, both related to AP,
through analysis with the TargetScan software, luciferase gene reporter assays and a series
of transfection experiments.

The NF-xB family of transcription factors contains five members, p50, p52, p65 (Rela),
Relb and c-Rel [28, 29]. The NF-kB family of transcription factors plays important roles
in a wide range of biological processes such as inflammation, immune responses, cell
proliferation, cell differentiation, cell survival and apoptosis [30, 31]. Rela is the key subunit
of the NF-xB family [31]. Rela/p65 plays an essential role in the process of mediating NF-xB
signaling and is involved in chondrogenic differentiation, cell survival and catabolic enzyme
production [31]. Tumor necrosis factor receptor-associated factor 3 (Traf3) can activate NF-
kB through both canonical and non-canonical signaling pathways [32, 33]. Biologic signal
transduction mediated by NF-kB1 is central to inflammation microenvironment changes and
innate immune responses [34] and is autoregulated via the NF-kB1-dependent synthesis of
the inhibitor IkBa. Previous findings demonstrated that Rela and Traf3 were both closely
associated with the process of inflammation, which is the main process of AP[35, 36].

To further clarify the relation between miRNA-155-5p and AP, we also induced the rat
pancreatic cell line AR42] with caerulein or caerulein + LPS to simulate the pathology of
MAP or SAP. Thus, we transfected AR42] cells with miR-155-5p mimic, which promoted the
expression of miR-155-5p, and clearly found that the target genes Rela, Traf3 and Ptgs2 were
all significantly down-regulated at both the transcriptional and post-transcriptional level in
the caerulein- and caerulein + LPS-induced group. However, after we transfected the AR42]
cells with miR-155-5p inhibitor, which interferes with the expression of miR-155-5p, we
found the opposite results. These findings told us that miR-155-5p targeted Rela and Traf3
in AP. When we inhibited the expression of Rela with helenalin in induced AR42] cells, the
expression of Traf3 and Ptgs2 did not significantly change at the transcriptional level, but
their proteins were significantly down-regulated at the translational level. In addition, the
relative expression of miR-155-5p did not significantly change. The results demonstrated
that Traf3 and Ptgs2 were regulated by Rela, which did not interfere with the expression of
miR-155-5p. In order to further prove the relationships among miR-155-5p, Rela, Traf3 and
Ptgs2, we collected the pancreatic tissues from control, MAP and SAP mice, and found the
inflammatory factors of TNF-a and IL-6 was highest in SAP mice, followed by in MAP and
control mice. The results clarified that the degree of inflammation was serious in SAP mice
compared with in MAP mice. In addition, the relative expression of miR-155-5p was lowest
in SAP mice but Rela, Traf3 were all higher expression in SAP mice than in MAP and control
mice in protein level. These results in vivo illustrated that the expression of miR-155-5p was
inversely associated with the degree of the severity of acute pancreatitis, and its targeted
genes of Rela and Traf3 were in the regulation of the process. To investigate the expression of
miR-155-5p in AP patients, we collected serum samples from 53 AP patients and 53 healthy
subjects and found that the expression of miR-155-5p significantly decreased in AP patients.
Notably, of the 53 AP patients, 29 were diagnosed with MAP and 24 were diagnosed with
SAP. The expression of miR-155-5p was particularly decreased in SAP patients compared
with MAP patients. This result further indicated that miR-155-5p was negatively associated
with the severity of AP.

In conclusion, through a series of in vivo and in vitro experiments, we found that low
expression of miR-155-5p was closely related to the severity of AP and that miR-155-5p
regulated pancreatic acinar cell deterioration through the Rela/Traf3/Ptgs2 signaling
pathway. However, in some researches, it has been reported that overexpression of miR-
155 caused chronic inflammatory state in human [37] and in adipocytes of mice [17]. And
there was higher expression of miR-155 in tissues and synovial fibroblasts of patients
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with autoimmune disorders such as rheumatoid arthritis [38]. Actually, in the previous
researches, they were focused on the correlation between higher expression of miR-155 and
either chronic inflammation or autoimmune disorders in which it needed a relatively long
time to maintain this state [14, 22].

Our results indicate that miR-155-5p inversely regulated AP development through the
Rela/Traf3/Ptgs2 signaling pathway. Since this approach has been successful in treating
experimental AP in the mouse, it might become useful also for treating patients with AP.
In this research, we were concentrated on the relationship between lower expression of
miR-155-5p and acute inflammation in which it needed a relatively short time to form this
state. Thus, the expression of miR-155 affect the development of inflammation may be stage-
dependent, and the exact mechanism needed further research. Actually, we are building the
chronic pancreatitis (CP) mice model and we will continue to conduct this research.

Conclusion

This study discovered a new biomarker of AP: miR-155-5p, which was negatively
correlated with the severity of AP and regulated pancreatic acinar cell deterioration through
the inhibition of the Rela/Traf3/Ptgs2 signaling pathway.
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