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miR-9 alleviated the inflammatory response and apoptosis
in caerulein-induced acute pancreatitis by regulating
FGF10 and the NF-kB signaling pathway
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Abstract. MicroRNAs (miRs) have been implicated in
the development of acute pancreatitis (AP). However, the
role and potential mechanism of miR-9 in AP progression
remains unclear. Caerulein-treated AR42J cells were used as
a cellular model of AP. Results revealed caerulein triggered
an inflammatory response by promoting the secretion of
inflammatory cytokines [tumor necrosis factor-a, interleukin
(IL) 1P and IL-6], as evidenced by ELISA. Furthermore,
caerulein-induced apoptosis was reported by flow cytometry
and western blot assays. Additionally, miR-9 expression was
downregulated by caerulein treatment, as demonstrated by
reverse transcription quantitative PCR. However, miR-9
overexpression reduced the inflammatory response and
apoptosis in caerulein-treated AR42J cells. miR-9 knockdown
resulted in opposite effects. Furthermore, fibroblast growth
factor (FGF) 10 was validated to be targeted via miR-9 by
luciferase, RNA immunoprecipitation and RNA pull-down
assays. Results demonstrated increased FGF10 expression in
caerulein-treated AR42J cells and that FGF10 overexpression
exacerbated the caerulein-induced inflammatory response
and apoptosis, while its knockdown had the opposite effect.
Additionally, FGF10 reversed the effect of miR-9 on caeru-
lein-induced injury in AR42J cells. Results demonstrated
that miR-9 inhibited the expression of the nuclear factor kB
(NF-xB) pathway-related proteins by downregulating FGF10.
As a result, miR-9 decreased inflammatory response and
apoptosis in caerulein-treated AR42J cells by targeting FGF10
and blocking NF-«B signaling, suggesting that miR-9 may
serve as a novel target for AP treatment.

Correspondence to: Dr Yang Shen, Department of
Gastroenterology, Jiangsu  Hospital, Nantong  University,
163 East Webhui Road, Nantong, Jiangsu 224700, P.R. China
E-mail: i105800597menron@163.com

Key words: acute pancreatitis, microRNA 9, fibroblast growth
factor 10, inflammatory response, apoptosis

Introduction

Acute pancreatitis (AP) is a common clinical condition
characterized by pancreatic edema and inflammation (1) that
leads to poor outcomes, such as organ failure and necrosis (2).
Pancreatic inflammation and acinar cell death (including apop-
tosis) are the major pathophysiological features of AP (3-5).
Caerulein, a cholecystokinin analog, causes intra-acinar
activation of trypsinogen in the pancreas, which can lead to
AP-like symptoms (6). The downregulation of Bcl-2 and the
upregulation of Bax and activated caspase 3/9 are associated
with caerulein-induced apoptosis of acinar cells in AP (7-9).
Hence, elucidating the mechanism of caerulein-induced
pancreatic acinar cell injury is crucial to identify therapeutic
targets for AP.

MicroRNAs (miRs) are single-stranded non-coding
RNAs that serve essential roles in inflammatory diseases,
including AP (10). For example, Fu et al (11) reported that,
by targeting tumor necrosis factor (TNF) receptor 1A,
miR-29 was upregulated and subsequently promoted AR42J
cell apoptosis, which were used as the cellular model of AP.
Furthermore,Zhang et al (12) demonstrated that miR-551b-5p
promoted the inflammatory response and AP progression.
miR-9 has been reported to act as an oncogene or tumor
inhibitor in various types of tumor, such as synovial sarcoma
and pancreatic cancer (13,14). Bone marrow-derived mesen-
chymal stem cells have been demonstrated to upregulate
miR-9 to inhibit the inflammatory response and necroptosis
in AP rats (15). Furthermore, a previous study hypothesized
that miR-9 may be associated with the nuclear factor kB
(NF-kB) pathway and p50 (16). These results suggested that
miR-9 may exert a therapeutic effect in AP. However, its
mechanism of action remains unclear and further research
into the role of miR-9 is required to elucidate the pathway of
AP pathogenesis.

Growth factors, including vascular endothelial growth
factor, transforming growth factor and fibroblast growth
factor (FGF), have been implicated in AP pathogenesis and
pancreatic carcinoma (17). FGF10 is a member of the FGF
family, which is associated with the development of the
pancreas (18). Activation of NF-kB signaling is a critical
event in AP development (19) and miR-9 and FGF10 have
been reported to be essential mediators of this pathway in
human disease (20-23).
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The aim of the present study was to explore the function
of miR-9 on the inflammatory response and apoptosis
in caerulein-treated AR42J cells, and to analyze the interac-
tion between miR-9 and the FGF10/NF-kB pathway.

Materials and methods

AP cell model and cell transfection. Rat pancreatic acinar
AR42]J cells (American Type Culture Collection) were
cultured in RPMI-1640 medium (Gibco; Thermo Fisher
Scientific, Inc.) supplemented with 10% FBS (Gibco; Thermo
Fisher Scientific, Inc.) at 37°C and 5% CO,. AR42]J cells
were then incubated with 10 nM caerulein (Sigma-Aldrich,
Merck KGaA) at 37°C for 0, 2, 4, 6 or 8 h to establish an
in vitro model of AP. An untreated group was regarded as
the control.

miR-9 mimic (miR-9; 5'-UCUUUGGUUAUCUAGCUG
UAUGA-3"), mimic negative control (miR-NC; 5'-CGAUCG
CAUCAGCAUCGAUUGC-3"), miR-9 inhibitor (anti-miR-9;
5'-UCAUACAGCUAGAUAACCAAAGA-3"), inhibitor
negative control (anti-miR-NC; 5'-CAGUACUUUUGU
GUAGUACAA-3"), small interfering RNA (siRNA) against
FGFI0 (si-FGF10; 5-UGUUGUAUCCAUUUUCCUCUA-3"),
siRNA negative control (si-NC; 5-AAGACAUUGUGUGUC
CGCCTT-3"), pcDNA-based FGF10 overexpression vector
(pc-FGF10) and pcDNA negative control (pc-NC) were gener-
ated by Shanghai GenePharma, Co., Ltd. Vectors (1 pyg) and
miRNA or siRNA oligos (20 nM) were then transfected into
AR42J cells using Lipofectamine® 2000 (Thermo Fisher
Scientific, Inc.), according to the manufacturer's protocol.
Following 24 h incubation at 37°C, cells were harvested for
caerulein treatment. A group that did not undergo transfection
was regarded as the control.

ELISA. AR42]J cells were seeded into 24-well plates (4x10*
per well) in sextuplicate and subjected to the treatment with
10 nM caerulein at 37°C for 0, 2, 4, 6 or 8 h. Cell culture
supernatant was collected after centrifugation at 1,000 x g at
room temperature for 10 min. The concentration of TNF-a,
IL-1p and IL-6 inflammatory cytokines were measured using
specific TNF-a (cat. no. BMS622), IL-1f (cat. no. BMS630)
and IL-6 (cat. no. BMS625) rat ELISA kits (Thermo Fisher
Scientific, Inc.), according to the manufacturer's protocol. The
optical density was determined at a wavelength of 450 nm
using an iMark microplate reader (Bio-Rad Laboratories,
Inc.). The concentrations were determined from the standard
curve.

Cell apoptosis. Flow cytometry was performed using an
Annexin V-FITC/PI apoptosis detection kit (Beyotime
Institute of Biotechnology), according to the manufac-
turer's protocol. Transfected or non-transfected AR42J cells
(1x10° cells/well) were seeded into 6-well plates in triplicate
overnight at 37°C. Following 10 nM caerulein incubation at
37°C for 0, 2, 4, 6 or 8 h cells were collected and incubated
with 10 gl Annexin V-FITC and PI solution in the dark at
room temperature for 10 min. Apoptotic cells were analyzed
using a FACSCalibur flow cytometer (Becton Dickinson)
with CellQuest Pro 3.0 software (Becton Dickinson). The
apoptotic rate was displayed as the percentage of cells

exhibiting positive Annexin V-FITC and positive/negative
PL

Western blotting. AR42J cells were harvested and lysed in
RIPA lysis buffer (Beyotime Institute of Biotechnology)
and protein samples were quantified using a BCA protein
assay kit (Beyotime Institute of Biotechnology) followed by
denaturation in a boiling water bath for 10 min. Total protein
(20 ug/lane) was separated by 10% SDS-PAGE and trans-
ferred onto nitrocellulose membranes (EMD Millipore) with
Tris-Glycine transfer buffer (Novex; Thermo Fisher Scientific,
Inc.). Membranes were incubated with 5% non-fat milk at room
temperature for 1 h to block non-specific binding sites, followed
by incubation with primary antibodies overnight at 4°C and
secondary antibodies at room temperature for 2 h. Primary
antibodies anti-Bcl-2 (cat. no. ab196495; 1:1,000; Abcam),
anti-Bax (cat. no. ab53154; 1:1,000; Abcam), anti-pro-caspase 3
and anti-cleaved (cl) caspase 3 (cat. no. 14220; 1:1,000; Cell
Signaling Technology, Inc.), anti-pro-caspase 9 and anti-cl
caspase 9 (cat. no. 9508; 1:1,000; Cell Signaling Technology,
Inc.), anti-FGF10 (cat. no. ab227102; 1:3,000; Abcam)
anti-NF-kappa-B inhibitor alpha (IKBa; cat. no. ab7217,
1:2,000; Abcam), anti-NFKBI1 (subunit p50; cat. no. ab32360;
1:5,000; Abcam), anti-p-p65 (cat. no. ab86299; 1:2,000;
Abcam), anti-total-p65 (cat. no. ab16502; 1:1,000; Abcam),
anti-GAPDH (cat. no. ab181603; 1:10,000; Abcam) and
horseradish peroxidase-conjugated IgG secondary antibodies
(cat. nos. ab205718 and ab205719; 1:10,000; Abcam). Protein
signals were developed and visualized utilizing enhanced
chemiluminescence Western Blotting Substrate reagent
(Pierce; Thermo Fisher Scientific, Inc.). Relative protein level
was normalized to GAPDH following densitometry analysis
using Image Lab 3.0 software (Bio-Rad Laboratories, Inc.).
All experiments were performed in triplicate.

Reverse transcription quantitative PCR (RT-qPCR). Total
RNA was extracted from AR42J cells following incuba-
tion with TRIzol® reagent (Thermo Fisher Scientific, Inc.),
according to the manufacturer's protocol. RNA (1 ug) was
reverse transcribed (denaturation at 65°C for 15 min, followed
by reaction at 25°C for 10 min and 42°C for 60 min, and
denaturation at 99°C for 5 min) using a first-strand cDNA kit
(Sigma-Aldrich, Merck KGaA) according to the manufactur-
er's protocol. RT-qPCR was performed using cDNA, specific
primers and SYBR™ Green (Takara Bio, Inc.) on a 7500 RT-q
PCR system (Applied Biosystems; Thermo Fisher Scientific,
Inc.). The thermocycling conditions were 95°C for 5 min and
40 cycles, 95°C for 15 sec and 60°C for 1 min, followed by
72°C for 5 min. The following pairs of rat RNA primers were
used: FGF10 forward, 5-~AAGAACGGCAAGGTCAGC-3'
and reverse, 5'-GAGGAAGTGAGCGGAGGTG-3"; GAPDH
forward, 5'-GACATGCCGCCTGGAGAAAC-3' and reverse,
5'-AGCCCAGGATGCCCTTTAGT-3'; miR-9 forward,
5'-GCCCGCTCTTTGGTTATCTAG-3' and reverse, 5'-CCA
GTGCAGGGTCCGAGGT-3" and U6 forward, 5'-CTCGCT
TCGGCAGCACA-3" and reverse, 5'-AACGCTTCACGAATT
TGCGT-3'. FGF10 and miR-9 expressions were normalized
to U6 or GAPDH, respectively and calculated according to
the 2244 method (24). All experiments were performed in
triplicate.
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Figure 1. miR-9 expression is decreased in a caerulein-induced cellular model of acute pancreatitis. (A) Inflammatory cytokine expression, including IL-1,
IL-6 and TNF-a, was measured by ELISA. (B) Apoptosis rate was measured via flow cytometry. (C) Apoptotic-associated protein expression was detected
via western blotting. (D) miR-9 expression was measured by reverse transcription-quantitative PCR. Data are presented as mean + standard deviation.
“P<0.05 vs. the control (0 h) group. miR, microRNA; IL, interleukin; TNF, tumor necrosis factor; Bcl-2, B-cell lymphoma 2; Bax, Bcl-2 associated X;

cl-caspase, cleaved caspase.

Bioinformatics analysis and luciferase reporter assay.
Bioinformatics analysis using TargetScan 7.2 (targetscan.
org/vert_72) indicated there were binding sites between
miR-9 and FGF10. FGF10 3' untranslated (UTR) sequences
containing miR-9 binding sites (ACCAAAG) were amplified
and cloned into pmirGLO vectors (Promega Corporation)
to generate wild type luciferase (wt-FGF10) and mutant
(mut-FGF10) vectors by mutating the seed sites to UGGUUUC
using a Fast Site-Directed Mutagenesis kit (Tiangen Biotech
Co., Ltd.) according to the manufacturer's protocol.

Luciferase reporter assay was performed in AR42J cells
after co-transfection with wt-FGF10 or mut-FGF10 and
miR-NC, miR-9 mimic, anti-miR-NC or anti-miR-9 using
Lipofectamine® 2000 (Thermo Fisher Scientific, Inc.). Cells
were harvested 24 h post-transfection and luciferase activity
was measured using a Dual-Glo luciferase assay system
(Promega Corporation) by normalizing to Renilla luciferase.
All experiments were performed in triplicate.

RNA immunoprecipitation (RIP). A magna RNA immuno-
precipitation kit (EMD Millipore) was used on AR42J cells
for RIP according to the manufacturer's protocol. Cells were
lysed with RIP lysis buffer containing proteinase and RNase

inhibitors (provided in the kit) and incubated with magnetic
beads pre-coated with anti-argonaute-2 (Ago2) antibodies
(cat. no. ab32381; Abcam) for 6 h at 4°C. Immunoglobulin G
(IgG; cat. no. AP112; Sigma-Aldrich; Merck KGaA) and cell
lysates were used as controls. The beads were then washed
with RIP washing buffer and the immunoprecipitate was
digested with proteinase K (provided in the kit). FGF10 and
miR-9 RNA levels were detected via RT-qPCR as describe
above. All experiments were performed in triplicate.

RNA pull-down assay. An RNA pull-down assay was performed
using an RNA-Protein pull-down kit (Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol. Biotinylated
FGF10 (bio-FGF10-wt), mutant FGF10 (bio-FGF10-mut) and
negative control (bio-NC) probes were designed by Guangzhou
RiboBio Co., Ltd. and conjugated with streptavidin magnetic
beads (Thermo Fisher Scientific, Inc.). AR42J cells were lysed
using RIP lysis buffer, and incubated with probe-coated beads
for 2 h at 4°C. Beads were then washed with washing buffer
(provided in the kit), and the biotin-coupled RNA complex was
pulled down using elution buffer by vortexing. Enriched miR-9
levels were analyzed via RT-qPCR as described above. All
experiments were performed in triplicate.
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Figure 2. miR-9 inhibits caerulein-induced inflammatory response and apoptosis in AR42J cells. AR42J cells were transfected with miR-NC, miR-9,
anti-miR-NC or anti-miR-9 prior to caerulein treatment. (A) miR-9 expression, (B) inflammatory cytokine levels (C) apoptotic rate and (D) apoptotic-related
protein levels were detected in the treated cells by reverse transcription quantitative PCR, ELISA, flow cytometry and western blotting, respectively. Data
are presented as the mean + SD. "P<0.05, as indicated. miR, microRNA; miR-NC, mimic negative control; miR-9, mir-9 mimic; anti-miR-NC, inhibitor
negative control; anti-miR-9, miR-9 inhibitor; IL, interleukin; TNF, tumor necrosis factor; PI, propidium iodide; FITC, fluorescein isothiocyanate; Bcl-2,

B-cell lymphoma 2; Bax, Bcl-2 associated X; cl-caspase, cleaved caspase.

Statistical analysis. Statistical analysis was performed using
GraphPad Prism software (version 7; GraphPad Software,
Inc.). Data are presented as the mean + standard deviation.
Student's t-test or one-way ANOVA followed by Tukey's
post hoc test was performed to compare differences between
groups, as applicable. P<0.05 was considered to indicate a
statistically significant difference.

Results

miR-9 expression is reduced in caerulein-treated AR42J
cells. An AP model was established using caerulein-treated
AR42]J cells to investigate the potential role of miR-9 in AP
progression. IL-1f3, IL-6 and TNF-a levels were elevated
in a time-dependent manner following treatment for 0-8 h
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Figure 3. FGFI10 is a target of miR-9 in caurulein-treated AR42]J cells. (A) Predicted binding sites of miR-9 and FGF10 generated by TargetScan. Binding
sites are presented in red and mutant sites are underlined. Luciferase reporter assay was performed in cells co-transfected with (B) wt-FGF10 or mut-FGF10
and miR-NC, miR-9, (C) anti-miR-NC or anti-miR-9. (D) Ago2 RIP assay was performed and miR-9 and FGF10 levels were measured via RT-qPCR.
(E) RNA pull-down assay was performed in AR42J cells and miR-9 expression was detected via RT-qPCR. (F) FGF10 expression was detected in cells
transfected with miR-NC, miR-9 mimic, anti-miR-NC or anti-miR-9 via western blotting. Data are presented as the mean =+ standard deviation. ‘P<0.05 as
indicated. FGF10, fibroblast growth factor 10; wt, wild type; mut, mutant; miR-NC, mimic negative control; miR-9, miR-9 mimic; anti-miR-NC, inhibitor
negative control; anti-miR-9, miR-9 inhibitor; Ago2, protein argonaute-2; RIP, RNA immunoprecipitation; RT-qPCR, reverse transcription quantitative PCR;
IgG, immunoglobulin G; bio-NC, negative control; bio-FGF10-wt, biotinylated FGF10; bio-FGF10-mut, biotinylated mutant FGF10; input, cell lystates as the
positive control.

(Fig. 1A). Furthermore, flow cytometry data revealed that increased Bax and cl-caspase 3 and 9 expression time-depend-
caerulein treatment induced apoptosis in a time-dependent ently (Fig. 1C). The results indicated that caerulein induced
manner (Fig. 1B). Western blotting also demonstrated an inflammatory response and apoptosis in caerulein-treated
that exposure to caerulein decreased Bcl-2 expression and ~ AR42J cells.
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Figure 4. FGF10 promotes caerulein-induced inflammatory response and apoptosis in AR42J cells. (A) FGF10 expression was measured following treatment
at different time points via western blotting. Cells were transfected with pc-NC, pc-FGF10, si-NC or si-FGF10 and (B) FGF10 expression, (C) inflammatory
cytokine levels, (D) apoptotic rate, (E) cell apoptosis and (F) apoptotic-associated protein expression were detected via western blotting, ELISA and flow
cytometry. Data are presented as the mean + standard deviation. "P<0.05 as indicated. FGF10, fibroblast growth factor 10; pc-NC, pcDNA empty vector;
pe-FGF10, pcDNA-based FGF10 overexpression vector; si-NC, siRNA negative control; si-FGF10, small interfering RNA against FGF10; IL, interleukin;
TNF, tumor necrosis factor; Bcl-2, B-cell lymphoma 2; Bax, Bcl-2 associated X; cl-caspase, cleaved caspase.
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Figure 5. FGF10 reverses the miR-9-mediated inflammatory response and apoptosis in caerulein-treated AR42J cells. (A) FGF10 expression, inflam-
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Additionally, miR-9 expression was measured in caeru-
lein-induced AR42J cells. The results revealed that miR-9
expression was significantly decreased in a time-dependent
manner (Fig. 1D). The optimum time of caerulein exposure
was determined to be 8 h.

miR-9 decreases the inflammatory response and apoptosis in
caerulein-treated AR42J cells. AR42J cells were transfected
with miR-NC, miR-9 mimic, anti-miR-NC or anti-miR-9 and
treated for 8 h to investigate the effect of miR-9 on caeru-
lein-induced injury. miR-9 expression was upregulated 4.2-fold
in the miR-9 mimic group, while anti-miR-9-transfected cells
demonstrated a 68% reduction in miR-9 expression compared
with corresponding controls (Fig. 2A). Furthermore, miR-9
overexpression significantly inhibited IL-1p, IL-6 and TNF-a
expression, while miR-9 knockdown exerted the opposite
effect (Fig. 2B). Additionally, overexpression of miR-9 signifi-
cantly decreased caerulein-induced apoptosis, whereas miR-9

knockdown significantly promoted cell apoptosis (Fig. 2C).
The results also demonstrated that miR-9 overexpression
upregulated Bcl-2 and downregulated Bax and cl-caspases 3
and 9, while miR-9 knockdown exerted the opposite effect
(Fig. 2D).

FGFIO0 is a target of miR9. A potential miR-9 target was
investigated via bioinformatics analysis using TargetScan
to elucidate the mechanism by which miR-9 regulates AP
progression. Predicted binding sites between miR-9 and
FGF10 at position 509-515 of the 3'UTR were exhibited and
luciferase reporter vectors containing wt or mut miR-9 seeding
sites were generated (Fig. 3A). The results demonstrated that
miR-9 overexpression resulted in a 55% reduction in luciferase
activity (Fig. 3B). Additionally, miR-9 knockdown signifi-
cantly increased luciferase activity in the wt-FGF10 group,
but remained unaffected in the mut-FGF10 group (Fig. 3C).
Furthermore, miR-9 and FGF10 were enriched in the same
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Figure 6. miR-9 inhibits the NF-kB pathway through FGF10 in caerulein-treated AR42]J cells. (A) IKBa, NFKBI (p50) and p-p65 expression was
measured in AR42]J cells transfected with miR-NC, miR-9 mimic, miR-9 mimic and pc-NC or pc-FGF10 after treatment of caerulein by western blotting.
(B) IKBa, NF-«kB subunit 1 (subunit p50) and phosphorylated p65 expression was measured in AR42J cells transfected with anti-miR-NC, anti-miR-9,
anti-miR-9 + si-NC or si-FGF10 following caerulein treatment by western blotting. Data are presented as the mean + standard deviation. "P<0.05 as indicated.
IKBa, NF-kappa-B inhibitor alpha; NF-xB, nuclear factor kappa-light-chain-enhancer of activated B cells; FGF10, fibroblast growth factor 10; p-p65, p-p65;
total-p65, p65 in nucleus; anti-miR-NC, inhibitor negative control; pc-NC, pcDNA empty vector; pc-FGF10; pcDNA-based FGF10 overexpression vector;

mock, non-transfected group.

complex by protein Ago2 RIP compared with the IgG RIP
group (Fig. 3D). RNA pull-down assay demonstrated that bioti-
nylated FGF10 induced higher miR-9 expression compared
with the negative control group, and that the binding was
abolished in the bio-FGF10-mut group by mutating its binding
sites (Fig. 3E). Additionally, the effect of miR-9 on FGF10
expression was analyzed by overexpressing or knocking down
miR-9. The results of western blotting demonstrated that
FGF10 expression was decreased by 70% when miR-9 was
overexpressed and enhanced 2.8-fold by miR-9 knockdown
(Fig. 3F).

FGFI10 promotes inflammatory response and apoptosis
in caerulein-treated AR42J cells. FGF10 expression
was progressively upregulated following treatment in a
time-dependent manner (Fig. 4A). Cells were transfected
with pc-NC, pc-FGF10, si-NC or si-FGF10 to investigate the
role of FGF10 in caerulein-induced injury. FGF10 expression
was upregulated 4.2-fold by pc-FGF10 and reduced by 67%
following si-FGF10 treatment, as demonstrated via western
blotting (Fig. 4B). IL-1p, IL-6 and TNF-a expression was

significantly increased by FGF10 overexpression and inhib-
ited by FGF10 interference (Fig. 4C). Additionally, flow
cytometry and western blotting data revealed that FGF10
overexpression significantly increased caerulein-induced
apoptosis, increased apoptotic-associated protein expression
(Bax, cl-caspases 3 and 9) and reduced antiapoptotic protein
levels (Bcl-2). FGF10 knockdown demonstrated opposite
results (Fig. 4D-F).

miR-9 regulates the inflammatory response and apoptosis by
targeting FGF10 in caerulein-treated AR42J cells. Cells were
co-transfected with miR-9 mimic and pc-NC or pc-FGF10,
anti-miR-9 and si-NC, or si-FGF10 prior to caerulein treatment
to investigate whether FGF10 was involved in miR-9-mediated
AP progression in vitro. FGF10 expression was rescued by
pc-FGF10 and decreased by si-FGF10 in the presence of the
miR-9 mimic or anti-miR-9 (Fig. 5A). FGF10 restoration
caused the miR-9-induced downregulation of inflammatory
cytokines to be reversed, and silence of FGF10 attenuated
knockdown of miR-9-induced the secretion of IL-1f, IL-6
and TNF-a (Fig. 5B-D). Furthermore, FGF10 alleviated
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miR-9-mediated apoptosis inhibition and FGF10 interference
counteracted the effect of miR-9 knockdown on cell apoptosis
(Fig. 5E and F).

miR-9 repressed the NF-xB pathway by targeting FGFI10
in caerulein-treated AR42J cells. Cells were transfected
with miR-NC, miR-9 mimic, miR-9 mimic and pc-NC or
pc-FGF10, anti-miR-NC, anti-miR-9, anti-miR-9 and si-NC
or si-FGF10 prior to caerulein treatment. Levels of proteins
involved in the NF-xB pathway were subsequently measured.
Caerulein treatment led to reduction of IKBa and an increase in
NFKBI (subunit p50) and phosphorylated p65, indicating that
caerulein induced NF-kB pathway activation. Additionally,
miR-9 overexpression suppressed the activation of the NF-kB
pathway, which was mitigated by FGF10 restoration (Fig. 6A).
Furthermore, miR-9 knockdown aggravated caerulein-induced
pathway activation and this effect was abolished by FGF10
silencing (Fig. 6B). Collectively, miR-9 mitigated the inflam-
matory response and cell apoptosis in caerulein-induced AP
cells, possibly by targeting FGF10 and regulating the NF-kB
pathway.

Discussion

Caerulein-treated AR42J cells were used in a model of AP
in vitro as previously described (25-27). In the current study,
AR42] cells were incubated with 10 nM caerulein for 0, 2,
4, 6 or 8 h. The results demonstrated that caerulein triggered
the inflammatory response and apoptosis. The present study
also investigated the role of miR-9 in caerulein-induced injury
and demonstrated an association between miR-9 and FGF10
in vitro.

In the present study, miR-9 levels were decreased in caer-
ulein-treated AR42J cells, suggesting that miR-9 may serve a
protective role in AP development. These results are consistent
with those of previous studies (16,28). However, Lu et al (29)
reported that miR-9 was highly expressed in the serum of
patients with AP and that this expression could be used as a
critical diagnostic and prognostic marker of AP. The current
study hypothesized that this result may have been caused by
the different microenvironment observed in serum and cells.

Inflammatory response and acinar cell apoptosis are the
main features of AP (26,30). A recent study reported that
miR-9 inhibited apoptosis and the inflammatory response in
human umbilical vascular endothelial cells (31). The current
study revealed that miR-9 suppressed caerulein-induced
inflammatory response by decreasing IL-1f3, IL-6 and TNF-a
expression and regulating Bcl-2 family proteins and caspases
in AR42J cells to repress apoptosis, thereby exhibiting a
potential therapeutic role of miR-9 in AP.

Functional miRs regulate mRNA expression by targeting
the 3'-UTR (32). In the current study, luciferase, RIP and
RNA pull-down assays revealed that miR-9 could bind to
FGF10, indicating that FGF10 served as a functional target
of miR-9. FGF2 has been reported to exhibit high expressions
in AP and to stimulate the inflammatory response (33,34).
FGF10, a high-affinity ligand of FGF2, was expressed in
AP tissues, suggesting that FGF10 may contribute to AP
development as it was not expressed in normal pancreas
tissue (35). In the current study, gain- and loss-of-function

experiments demonstrated that FGF10 promoted inflamma-
tory cytokine secretion and apoptosis in caerulein-treated
cells, indicating that FGF10 may facilitate AP progression.
Furthermore, overexpression or knockdown of FGF10
attenuated the effect of miR-9 on caerulein-induced AP
progression, revealing that miR-9 may attenuate AP-like
injury by targeting FGF10.

Previous studies have reported that FGF10 is a vital regu-
lator of the NF-kB-dependent inflammatory response (22,23).
IKBa is a major inhibitor of NF-kB and may remove NF-kB
complexes in nuclei (36). NF-xB is comprised of p50 and
p65 subunits and is activated by p65, which may promote
the secretion of the inflammatory cytokines IL-1f, IL-6 and
TNF-a (37,38). Furthermore, the NF-xB pathway has been
associated with cell apoptosis in AP (39,40). The results of the
current study demonstrated that caerulein led to the activa-
tion of NF-«kB signaling in AR42]J cells by decreasing IKBa
and increasing p50 and p65, indicating that NF-xB pathway
activation was involved in AP progression. Inhibition of
NF-«B signaling has been regarded as a key avenue for thera-
peutics of AP (41-43). Additionally, the results suggested
that miR-9 inhibited the caerulein-induced activation of the
NF-kB pathway, which has also been reported in previous
work (16). The results of the current study revealed that this
effect was associated with FGF10. Data indicated that miR-9
may target FGF10 to block the NF-kB pathway, leading to
the inhibition of the inflammatory response and apoptosis
in caerulein-treated cells. However, the current study only
reported in vitro results. Further research is required to
investigate the role of miR-9 in vivo to fully elucidate AP
pathogenesis.

In conclusion, miR-9 expression was decreased in a
caerulein-induced cellular model of AP. miR-9 attenuated
the caerulein-induced inflammatory response and cell apop-
tosis, possibly by targeting FGF10 and regulating the NF-«xB
pathway. The current study elucidated a novel mechanism
of AP pathogenesis and hypothesized a novel target for AP
treatment.
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