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Abstract. Acute pancreatitis (AP) is a common gastrointes‑
tinal disease that affects 1 million individuals worldwide. 
Inflammation and apoptosis are considered to be important 
pathogenic mechanisms of AP, and high mobility group 
box 1 (HMGB1) has been shown to play a particularly impor‑
tant role in the etiology of this disease. MicroRNAs (miRs) are 
emerging as critical regulators of gene expression and, as such, 
they represent a promising area of therapeutic target identifica‑
tion and development for a variety of diseases, including AP. 
Using the online database query (microRNA.org), the current 
study identified a site in the 3' untranslated region of HMGB1 
mRNA that was a viable target for miR‑340‑5p. The present 
study aimed to investigate the association between miR‑340‑5p 
and HMGB1 expression in pancreatic acinar cells following 
lipopolysaccharide (LPS) treatment by performing luciferase, 
western blotting and reverse transcription‑quantitative PCR 
assays. The results suggest that miR‑340‑5p attenuates the 
induction of HMGB1 by LPS, thereby inhibiting inflammation 
and apoptosis via blunted activation of Toll‑like receptor 4 and 
enhanced AKT signaling. Thus, the therapeutic application of 
miR‑340‑5p may be a useful strategy in AP via upregulation 
of HMGB1 and subsequent promotion of inflammation and 
apoptosis.

Introduction

Acute pancreatitis (AP) is a common gastrointestinal disease 
caused by a variety of factors, such as excessive drinking, 
drug misuse and surgery. In total, 10‑15% of patients with AP 
develop severe AP (SAP) (1), a condition that has a 10‑30% 

worldwide mortality rate and is a major risk factor for pancre‑
atic cancer (2,3). The pathogenesis of AP is complicated and 
its mechanisms have not been fully elucidated, a fact that has 
caused concern in the medical community. Although there 
is abundant literature on the pathogenesis of AP, the avail‑
ability of effective evidence‑based treatment methods remains 
limited (4). In recent years, research has revealed a new treat‑
ment method that alleviates the inflammatory symptoms of the 
disease via the transfection of foreign DNA into the cells of the 
gastrointestinal tract to produce small RNA (5).

A major development in gene regulation has been the 
discovery of microRNA (miRNA/miR), a non‑coding, 
highly‑conserved, single‑stranded small RNA averaging 22 bp, 
which is involved in the regulation of post‑transcriptional 
gene expression (6). The first confirmed miRNAs were lin‑4 
and let‑7, both found in C. elegans, which can inhibit protein 
translation by complementarily binding to the 3'non‑coding 
region of the target mRNAs, thereby preventing their 
expression (7). Subsequently, numerous research teams have 
identified >30,000 miRNAs in >200 organisms (8‑10), most of 
which are highly conserved and differentially expressed (11). 
Under normal conditions, miRNA binding to the comple‑
mentary sequence of the 3'untranslated region (UTR) of the 
target mRNA leads to transcript degradation and abrogated 
expression (12). With the rapid development of miRNA mass 
spectrometry technology, evidence the regulatory role of 
miRNAs in a variety of diseases has emerged in the literature. 
In the context of inflammatory diseases, Liu et al (13) showed 
that miR‑381 could target HMGB1 expression to alleviate 
the inflammatory response of macrophages in polymyositis. 
Moreover, Wei et al (14) reported that miR‑198 could act on 
PTEN in retinoblastoma cells by activating the PI3K/AKT 
signaling pathway, while Zhang et al (15) demonstrated that 
TGF‑β could induce the production of miR‑216a to increase 
the expression of TGF‑β receptor 1 and phosphorylated 
(p)‑AKT via the downregulation of SMAD7 and PTEN.

Recent evidence has suggested HMGB1 involvement in 
the development and progression of AP (16). HMGB1 was 
first discovered by Goodwin and John in 1973 who extracted 
and identified a group of highly conserved nuclear proteins 
from the bovine thymus, which displayed rapid migration 
during electrophoresis (17). In the HMGB family, HMGB1 
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is the most abundant and widely distributed member among 
tissues in humans (16). Research has shown that intracellular 
HMGB1 inhibits the development of pancreatitis (18‑21), while 
extracellular HMGB1 likely promotes the progression of AP 
from local inflammation to systemic inflammatory response 
syndrome and sepsis (22). In the early stage of AP, pancreatic 
acinar cells and peritoneal macrophages successively release 
inflammatory factors, such as IL‑1, TNFα and NF‑κB (23‑25). 
These early inflammatory mediators destroy the pancreas and 
surrounding tissues, stimulate the secretion of HMGB1 and 
subsequently aggravate pancreatitis (20,26,27). Inflammation 
is not only part of the early phase of pancreatitis but also 
occurs throughout its duration (28). In addition to causing 
tissue damage via cell death, these inflammatory factors 
excessively activate granulocytes, leading to lysosome release 
and additional cytokines/chemokines that increase oxida‑
tive stress, injure vascular endothelium and ultimately cause 
apoptosis (29). Furthermore, HMGB1 is prone to binding other 
pro‑inflammatory molecules, including DNA, RNA, histones, 
nucleosomes, lipopolysaccharide (LPS), stromal cell‑derived 
factor 1, IL‑1α and IL‑1β, amongst others. These complexes 
act synergistically to aggravate pancreatitis via cognate 
receptors to the HMGB1‑partner molecules. Although the list 
of reported HMGB1 receptors is fairly extensive, only two 
receptor systems, MOK protein kinase and Toll‑like receptor 
(TLR)4, have been fully confirmed to act as genuine HMGB1 
receptors (30). TLR4‑deficient mice have been shown to 
succumb to endotoxemia in the presence of increased levels of 
HMGB1, while caspase11‑deficient mice survive (31).

The PI3K/AKT signaling pathway plays a key role in the 
regulation of cell apoptosis and proliferation. Activated (i.e. 
phosphorylated) AKT promotes cell proliferation and inhibits 
apoptosis, leading to both blunted and exacerbated inflamma‑
tory responses, depending on the context (32).

Based on prior reports and an online search regarding the 
association between miR‑340‑5p and HMGB1 expression in 
pancreatic acinar cells, we hypothesized that the upregulation 
of miR‑340‑5p could cause the downregulation of HMGB1, in 
turn inhibiting the activation of TLR4 and restraining cellular 
inflammation and apoptosis (Fig. S1).

Materials and methods

Primary culture of pancreatic acinar cells and treatment. 
Pancreatic acinar cells were isolated from healthy adult male 
4‑6 weeks‑old C57BL/6J mice (weight, 25‑30 g; Beijing Vital 
River Laboratory Animal Technology Co., Ltd.). Animals were 
housed in specific pathogen‑free conditions under a standard 
temperature (22±1˚C), humidity (50‑60%) and light cycle (12 h 
light/dark cycle), with ad libitum access to food and water. The 
animal experiments were approved by the Ethics Committee 
(approval no. 2021‑1523) of Xi'an Jiaotong University (Xi'an, 
China). The number of animals used was 20. Mouse death was 
confirmed by the stopping of the heartbeat. Preparation of 
mouse pancreatic acinar cells was carried out by using previ‑
ously described methods (33). Briefly, mice were sacrificed by 
exsanguination under deep anesthesia (sodium pentobarbital 
intraperitoneal injection, 50 mg/kg), the pancreas was imme‑
diately removed from the sacrificed mouse and incubated in 
buffer solution (Thermo Scientific Fisher, Inc.) at 37˚C for 

10 min in a shaking bath (100 cycles/min). The buffer solu‑
tion contained: 130 mM NaCl; 4.7 mM KCl; 1.3 mM CaCl2; 
1 mM MgCl2; 1.2 mM KH2PO4; 10 mM glucose; 10 mM 
HEPES; 0.01% trypsin inhibitor (soybean) and 0.2% BSA (pH 
adjusted to 7.4 with NaOH, Sigma‑Aldrich; Merck KGaA). 
Then, the cell suspension was centrifuged at 335 x g for 5 min 
at 4˚C. Next, the acinar cell pellets were resuspended in HEPES 
buffer without collagenase and centrifuged at 335 x g for 5 min 
at 4˚C, following which the supernatant was removed. Primary 
pancreatic cells were maintained in RPMI‑1640 medium 
(Gibco; Thermo Fisher Scientific, Inc.) with 10% FBS (Gibco; 
Thermo Fisher Scientific, Inc.), 1% antibiotics (penicillin and 
streptomycin; Gibco; Thermo Fisher Scientific, Inc.), 2 mM 
L‑glutamine and 25 µg/ml gentamicin at 37˚C with 5% CO2. 
LPS (100 ng/ml; Sigma‑Aldrich; Merck KGaA) was added to 
cells for 0, 2, 6, 12, 24, 48 h at 37˚C.

Cell viability analysis. Pancreatic acinar cells (1x104) were 
cultured on a 96‑well plate and treated with increasing concen‑
trations of LPS (0‑200 ng/ml) for 48 h at 37˚C. Cell viability 
was then measured using a Cell Counting Kit (CCK)‑8 assay 
for 1 h (Beyotime Institute of Biotechnology) according to the 
manufacturer's instructions.

Western blotting. Briefly, cell pellets were lysed in the 
ice‑cold RIPA buffer (Xi'an Hat Biotechnology Co., Ltd.). 
Proteins were extracted from the pancreatic cells and quan‑
tified using a BCA protein kit (Thermo Fisher Scientific, 
Inc.). Proteins (30 µg) were loaded on 12% SDS‑PAGE 
gels per lane, separated via electrophoresis and transferred 
to PVDF membranes (MilliporeSigma). The membranes 
were blocked with 5% non‑fat milk diluted with TBS‑0.1% 
Tween‑20 (TBST) buffer at room temperature for 1 h 
and then incubated with primary antibodies overnight 
at 4˚C. Antibodies against HMGB1 (1:500; Abcam; cat. 
no. ab18256), TLR4 (1:1,000; Abcam; cat. no. ab13556), 
pan‑AKT (1:1,000; Abcam; cat. no. ab8805), p‑AKT 
(1:500; Abcam; cat. no. ab38449), Bcl2 (1:500; Abcam; cat. 
no. ab182858), cleaved‑caspase3 (1:500; Invitrogen; cat. 
no. PA5‑114687; Thermo Fisher Scientific, Inc.) and β‑actin 
(1:2,000; Invitrogen; cat. no. MA5‑15739‑HRP; Thermo 
Fisher Scientific, Inc.) were used. On the following day, 
the PVDF membranes were washed with TBST buffer and 
then incubated with HRP‑conjugated secondary antibody 
(1:10,000; cat. no. TA130004; OriGene Technologies, Inc.) 
at room temperature for 2 h. Western blots were developed 
using an ECL reagent (MilliporeSigma) plus a western 
blotting detection system (Bio‑Rad Laboratories, Inc.). 
Densitometry was performed using Universal Hood III soft‑
ware (version no. 731BR03155; Bio‑Rad Laboratories, Inc.).

Reverse transcription‑quantitative (RT‑q) PCR analysis. Total 
RNA was extracted using TRIzol® reagent (MilliporeSigma) 
following the manufacturer's instructions. cDNA was synthe‑
sized by using a FastKing RT kit (Qiagen China Co., Ltd.) in 
accordance with the manufacturer's protocol. RT‑qPCR were 
carried out with a SuperReal Premix Plus kit (Vazyme Biotech 
Co., Ltd.). The thermocycling conditions for qPCR were as 
follows: 15 min at 95˚C to activate the chemically modified 
hot‑start Taq DNA polymerase, followed by 40 cycles of 
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duration for 15 sec at 95˚C and 30 sec of annealing and exten‑
sion at 60˚C. The primer sequences were as follows: HMGB1 
forward (F), 5'‑CGC GGA GGA AAA TCA ACT AA‑3' and 
reverse (R), 5'‑TCA TAA CGA GCC TTG TCA GC‑3'; TNFα F, 
5'‑TCC CAG GTT CTC TTC AAG GGA ‑3' and R, 5'‑GGT GAG 
GAG CAC GTA GTC GG‑3'; IL‑1β F, 5'‑TGG AAA AGC GGT 
TTG TCTT C‑3' and R, 5'‑TAC CAG TTG GGG AAC TCT GC‑3'; 
IL‑6 F, 5'‑GCT GGT GAC AAC CAC GGC CT‑3' and R, 5'‑AGC 
CTC CGA CTT GTG AAG TGG T‑3'; and GAPDH F, 5'‑CGT 
CCC GTA GAC AAA ATG GT‑3' and R, 5'‑TTG ATG GCA 
ACA ATC TCC AC‑3'. GAPDH was amplified as the internal 
control. The miR‑340‑5p primer was the Bulge‑Loop™ 
miRNA RT‑PCR primer (Guangzhou RiboBio Co., Ltd.), with 
U6 snRNA (forward, 5'‑CCG CCC GCC GCC AGG CCC C‑3' 
and reverse, 5'‑ATA TGG AAC GCT TCA CGA ATT ‑3') as the 
miRNA quantitative internal reference. The original Ct values 
of the sample (cycle of the threshold) were adjusted to internal 
control and relative transcript levels were analyzed using the 
2‑ΔΔCq method (34).

Luciferase assay and LPS treatment. A lentivirus vector 
(pGCL‑GFP; Promega Corporation) containing a U6 
promoter and a green fluorescent protein (GFP) reporter was 
used for cloning HMGB1 short hairpin RNAs (shRNAs/shR). 
The shRNA sequences were as follows: shR‑HMGB1, 5'‑GGC 
TCG TTA TGA AAG AGA AAT ‑3'; and shR‑control, 5'‑GTT 
CTC CGA ACG TGT CAC GT‑3'. 293T cells were inoculated in 
T75 culture flasks (Nalge Nunc International) at a density of 
2x106 cells and were left to reach 70‑80% confluence the day 
prior to infection. The lentiviral plasmid PGCL‑GFP (6 µg) 
and packaging plasmids (pHelper 1.0 4.5 µg and pHelper 2.0; 
2.4 µg; all Invitrogen; Thermo Fisher Scientific Inc.) were 
transfected into 293T cells using the X‑tremeGENE™ HP 
DNA Transfection Reagent (Roche Diagnostics GmbH) for 
16 h at 37˚C in 5% CO2, according to the manufacturer's 
protocol. Following 48‑72 h, supernatants containing lentiviral 
particles were harvested and filtered through a 0.45‑µm filter 
(EMD Millipore) to remove cell debris. The supernatants were 
concentrated by ultracentrifugation at 50,000 x g at 4˚C for 
90 min, after which the lentiviral particle pellet was resus‑
pended in 100% FBS and stored at ‑80˚C. The viral titers of 
concentrated lentiviral particles were measured by infecting 
293T cells that were seeded at a density of 1x105 cells/well 
in a 12‑well plate with viral serial dilutions (10‑10‑8). After 
3 days, GFP expression was detected using flow cytometry 
and the viral titer was calculated using the following equation: 
Viral titer (Tu/µl)=(% GFP + cells x number of cells trans‑
duced)/virus volume. For lentiviral transduction, Pancreatic 
acinar cells were seeded at 1x106 cells/ml in six‑well plates 
and infected with lentivirus at a multiplicity of infection of 
10 for 24 h at 37˚C and 5% CO2. After 2 days of culture, the 
cells were collected, and the expression of GFP was detected 
using fluorescence microscopy. Then, cells were treated 
with 100 ng/ml LPS for 24 h at 37˚C, and then lysates were 
harvested and analyzed with a Luciferase Reporter Assay 
system (Promega Corporation).

Construction of luciferase reporter gene vector and 
dual‑luciferase reporter gene assay. The miR‑340‑5p 
mimics and negative control duplex were synthesized 

by Shanghai GenePharma Co., Ltd. The sequence of the 
miR‑340‑5p mimic was 5'‑UUA GUC AGA GUA ACG AAA 
UAU U‑3'; and that of the NC mimic was 5'‑GCC UGA 
GUC UGG CAUC CGG GGC ‑3'. The microRNA.org online 
(http://www.targetscan.org/cgibin/targetscan/vert_72/targetscan.
cgi?species=Mouse&gid=HMGB1&mir_sc=&mir_c=&mir_
nc=&mir_vnc=&mirg=miR‑340‑5p) target gene prediction 
tool predicted the association between miR‑340‑5p and the 
3'UTR of HMGB1 mRNA. HMGB1 3'UTR full length frag‑
ment and mutation‑containing fragments were cloned 
into the luciferase reporter plasmid (pSiCHECK2 vectors; 
Promega Corporation) to transform DH5α competent cells 
(Sangon Biotech Co., Ltd.; cat. no. B528413). The efficient 
plasmids were sequenced, screened and named wild‑type 
(WT)‑HMGB1 and mutated (MUT)‑HMGB1. The sequences 
were as follows: WT‑HMGB1, 5'‑AUA CAU UUG CUU UUU 
CUU UAU AA‑3'; and MUT‑HMGB1, 5'‑AUA CAU UUG CUU 
UUU GAA AUA UU‑3'. The WT‑HMGB1 or MUT‑HMGB1 and 
miR‑340‑5p mimics were co‑transfected into 293T cells using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) following the manufacturer's instructions. 293T cells were 
seeded into 6‑well plates at a density of 105 cells/well. A total 
of 10 µl transfection reagent was mixed with 100 µl serum‑free 
culture. Meanwhile, 10 µl miR‑340‑5p mimics, WT‑HMGB1 
and MUT‑HMGB1 was mixed as aforementioned. Next, the 
two mixtures were mixed and incubated at room temperature 
for 10 min. Subsequently, the mixture was added to the 6‑well 
plate at a final concentration of 20 nM. The reporter luciferase 
activities were detected via a thermoplate reader (Rayto Life 
and Analytical Science Co., Ltd.) after 48 h. Firefly luciferase 
activity was then normalized to that of Renilla luciferase. All 
the transfection experiments were performed in triplicate and 
repeated at least three times independently.

Statistical analysis. All data are presented as the mean ± SD, 
and were analyzed using SPSS statistical software version 18.0 
(SPSS, Inc.). Each experiment was repeated in triplicate and the 
statistical difference was analyzed using an unpaired Student's 
t‑test for comparisons of two groups or one‑way ANOVA 
for two factor experiments or one‑way ANOVA followed by 
Tukey's test for comparisons of multiple groups. P<0.05 was 
considered to indicate a statistically significant difference.

Results

LPS‑induced acute inflammation and apoptosis parallels 
miR‑340‑5p suppression and HMGB1 elevation in pancreatic 
acinar cells. The pancreatic acinar cell model induced by LPS 
was used for the inflammation study (35‑38). It was found that 
LPS inhibited the expression of miR‑340‑5p and upregulated 
HMGB1 mRNA expression in a time‑dependent manner 
(Fig. 1A and B). The cytotoxic effects of LPS were evaluated 
using a CCK‑8 assay, which showed no obvious cell death at 
up to 200 ng/ml LPS treatment for 48 h (Fig. 1C). Western 
blot analysis confirmed that HMGB1 protein expression was 
increased in the pancreatic acinar cells in a time‑dependent 
manner following LPS treatment (Fig. 1D). Additionally, LPS 
increased the expression level of TLR4, as well as enhanced 
those of TNFα, IL‑1β and IL‑6 in a time‑dependent manner 
(Fig. 1D and E). p‑AKT expression showed a significant 
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increase when LPS stimulated pancreatic acinar cells within 
2 h, and then this slowly decreased (Figs. 1D and S2A). 
Moreover, LPS treatment significantly enhanced the expres‑
sion of cleaved‑caspase3 and downregulated Bcl2 expression 
over time (Fig. 1F).

miR‑340‑5p inhibits HMGB1 expression. A query of the 
microRNA.org online target gene database predicted that 
there was a targeted binding site for miR‑340‑5p on the 3'UTR 
of HMGB1 mRNA (Fig. 2A and B). Furthermore, transfec‑
tion of miR‑340‑5p mimics significantly reduced the relative 
luciferase activity of HMGB1 compared with NC mimic, 
suggesting that miR‑340‑5p was capable of inhibiting the 
expression of HMGB1 (Fig. 2C).

miR‑340‑5p inhibits inf lammation and apoptosis in 
pancreatic acinar cells following LPS treatment. To further 
investigate the role of miR‑340‑5p in the current model, it was 
determined whether miR‑340‑5p exerted anti‑inflammatory 
and anti‑apoptotic effects in pancreatic acinar cells treated 
with LPS. Cells were transfected with miR‑340‑5p mimics or 
NC mimics, subjected to LPS 24 h and then the aforemen‑
tioned endpoints were examined. miR‑340‑5p expression was 
upregulated in cells transfected with miR‑340‑5p mimics 
(Fig. S2C). Transfection with miR‑340‑5p mimics led to 
decreased HMGB1, TLR4 and AKT upregulation following 
LPS (Fig. 3A and B), as well as enhanced p‑AKT expres‑
sion (Fig. 3B). In addition, LPS‑induced expression of the 
pro‑inflammatory cytokines TNF‑α, IL‑1β and IL‑6 were 

Figure 1. LPS‑induced acute inflammation and apoptosis parallels with miR‑340‑5p suppression and HMGB1 elevation in pancreatic acinar cells. (A) Pancreatic 
acinar cells were treated with LPS (100 ng/ml) for different durations. The expression level of miR‑340‑5p was assessed via RT‑qPCR. (B) Pancreatic acinar 
cells were treated with of LPS (100 ng/ml) for different durations. The expression level of HMGB1 was assayed via RT‑qPCR. (C) Cell viability assay results: 
pancreatic acinar cells were treated with various doses of LPS for 48 h. (D) Pancreatic acinar cells were treated with LPS for different durations. The protein 
expression levels of HMGB1, TLR4, AKT and p‑AKT were assayed via western blotting. β‑actin was used as a control. (E) Pancreatic acinar cells were treated 
with LPS for different durations. The mRNA expression levels of TNFα, IL‑1β and IL‑6 were assayed via RT‑qPCR. (F) Pancreatic acinar cells were treated 
with LPS for different durations. The expression levels of cleaved‑caspase3 and Bcl2 were examined via western blotting. β‑actin was used as a control. Data 
are expressed as the mean ± SD. *P<0.05 and **P<0.01 vs. 0 h. RT‑qPCR, reverse transcription‑quantitative PCR; TLR, Toll‑like receptor; LPS, lipopolysac‑
charide; HMGB1, high mobility group box 1; p‑, phosphorylated; miR, microRNA.

Figure 2. miR‑340‑5p inhibits HMGB1 expression. (A) miR‑340‑5p binding site on the 3'UTR of HMGB1 mRNA. (B) miR‑340‑5p may target the 3'UTR 
region of HMGB1 as determined using a (C) dual luciferase reporter assay. **P<0.01 vs. NC mimic. miR‑340‑5p, microRNA‑340‑5p; HMGB1, high mobility 
group box 1; 3'UTR, 3'untranslated region; NC, negative control; WT, wild‑type; MUT, mutated. 
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significantly decreased compared with NC mimics (Fig. 3C). 
The LPS‑induced expression levels of cleaved‑caspase3 were 
notably inhibited, while anti‑apoptotic Bcl2 expression was 
markedly enhanced in cells transfected with miR‑340‑5p 
mimics compared with NC mimics (Fig. 3D).

miR‑340‑5p could inhibit inflammation and apoptosis via 
HMGB1 targeting in pancreatic acinar cells following 
LPS treatment. To further examine the role of HMGB1, it 
was determined whether the miR‑340‑5p‑mediated anti‑
inflammatory and anti‑apoptotic effects in pancreatic acinar 
cells following LPS treatment were mediated by HMGB1. 
Cells were transfected with either non‑specific shRNA 
(shR‑control) or shR‑HMGB1, subjected to LPS for 24 h and 
then the same endpoints were examined. The expression level 
of HMGB1 was significantly decreased in cells transfected 

with shR‑HMGB1 (Figs. 4A and S2B). HMGB1 knockdown 
caused marked decreases in TLR4 and AKT upregulation 
following LPS (Fig. 4A), and enhanced p‑AKT expression 
(Fig. 4A). Additionally, cells transfected with shR‑HMGB1 
had significantly lower expression levels of pro‑inflammatory 
cytokines (Fig. 4B), decreased cleaved‑caspase3 and increased 
Bcl2 compared with shR‑control (Fig. 4C) following LPS 
treatment.

Discussion

A critical component in the pathophysiology of AP is 
inflammation (39,40). The present study demonstrated the 
protective effect of miR‑340‑5p on LPS‑induced inflam‑
mation and apoptosis in pancreatic acinar cells. miRNAs 
have emerged as important post‑transcriptional regulatory 

Figure 3. miR‑340‑5p overexpression can inhibit HMGB1 expression, as well as inflammation and apoptosis in pancreatic acinar cells with LPS. (A) HMGB1 
expression in pancreatic acinar cells transfected with miR‑340‑5p mimics was assayed via RT‑qPCR. (B) Expression levels of HMGB1, TLR4, AKT and 
p‑AKT in pancreatic acinar cells with miR‑340‑5p mimic were assayed via western blotting. (C) mRNA expression levels of TNFα, IL‑1β and IL‑6 in pancre‑
atic acinar cells transfected with miR‑340‑5p mimics were examined via RT‑qPCR. (D) Expression level of cleaved‑caspase3 and Bcl2 in pancreatic acinar 
cells with miR‑340‑5p mimic were assayed via western blotting. Data are expressed as the mean ± SD. **P<0.01 vs. control. miR‑340‑5p, microRNA‑340‑5p; 
NC, negative control; RT‑qPCR, reverse transcription‑quantitative PCR; TLR, Toll‑like receptor; HMGB1, high mobility group box 1; p‑, phosphorylated; 
LPS, lipopolysaccharide. 
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factors in recent years (10). The current results demonstrated 
that miR‑340‑5p attenuated LPS‑induced upregulation of 
HMGB1, decreased TLR4 activation and promoted the 
activation of AKT, subsequently leading to decreased inflam‑
matory and apoptotic signaling. TLR4 is widely expressed in 
the pancreatic tissues and plays an important role in pancre‑
atitis (41). A previous study has shown that TLR4 participates 
in the early stage of SAP and may also be involved in its 
progression (42). The PI3K/AKT signaling pathway plays an 
important role in the activation of pancreatic trypsinogen, 
a causal factor in the onset and aggravation of AP (35). 
Moreover, increasing evidence suggests that PI3K/AKT 
signaling is involved in the pathogenesis of inflammatory 
diseases, such as AP (43). Pharmacological activation of the 
PI3K/AKT pathway may therefore represent a promising new 
direction in therapeutics to limit inflammation in SAP (44), 
as recent studies suggest (45).

HMGB1 is an important mediator of damage‑associated 
molecular pattern (DAMP) signaling. DAMPs can activate 
pattern recognition receptors such as TLRs and NOD‑like 
receptors. Among them, TLRs are considered to be ‘gateway’ 
proteins that initiate the inflammatory response. TLR4 has 

been reported to bind HMGB1 secreted by macrophages 
and neutrophils to recruit myeloid differentiation protein 88 
and IL‑1 receptor‑related kinases, thereby causing the down‑
stream regulator TRAF to activate the MAPK pathway 
and nuclear (46,47) transcription factors to induce the 
inflammatory response. In addition to TLR4, extracellular 
HMGB1 can interact with TLR2 and RAGE (48). TLR4 
activation promotes the degradation of IκB, leading to NF‑κB 
p65 nuclear translocation and subsequent expression of 
pro‑inflammatory cytokines/chemokines and other inflamma‑
tory mediators (49‑54), ultimately leading to intestinal damage. 
In addition to its deleterious effects, at low levels HMGB1 can 
promote tissue repair. Diener et al (55) reported that HMGB1, 
as an ‘alarmin’ secreted by damaged tissue, can induce stem 
cells or primitive cells to migrate to the damaged area to aid in 
its repair and replacement. Biscetti et al (56) also showed that 
HMGB1 plays a role in protecting and repairing myocardial 
tissue following myocardial infarction. However, information 
regarding the threshold and mechanism via which HMGB1 
promotes the pro‑inflammatory and deleterious effects, as 
compared with the protective effects in tissues, remains to 
be determined. Recent experimental studies have shown that 

Figure 4. miR‑340‑5p can inhibit inflammation and apoptosis by targeting HMGB1 in pancreatic acinar cells with LPS. (A) Expression levels of TLR4, AKT 
and p‑AKT in pancreatic acinar cells with HMGB1 knockdown were assayed via western blotting. (B) mRNA expression levels of TNFα, IL‑1β and IL‑6 in 
pancreatic acinar cells with HMGB1 knockdown were assayed via reverse transcription‑quantitative PCR. (C) Expression levels of cleaved‑caspase3 and Bcl2 
in pancreatic acinar cells with HMGB1 knockdown were assayed via western blotting. Data are expressed as the mean ± SD. **P<0.01 vs. control. shR, short 
hairpin RNA; TLR, Toll‑like receptor; HMGB1, high mobility group box 1; p‑, phosphorylated; LPS, lipopolysaccharide; miR‑340‑5p, microRNA‑340‑5p. 
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early inflammatory factors reach their peak quickly after 
AP model induction (e.g. LPS exposure), and then rapidly 
decline to normal level, although the damage to the pancreas 
persists (23,35). A good systemic indicator of organ damage is 
the serum levels of HMGB1. In a mouse model of acute necro‑
tizing pancreatitis, serum HMGB1 increased significantly 
with disease onset and correlated positively with disease 
severity (57). In this regard, some investigators have proposed 
using the serum HMGB1 level as a biomarker of AP severity 
in patients and there are existing reports to support its use in 
this manner (58). Compared with early inflammation, HMGB1 
appears late, has a long action time and forms an inflammatory 
positive feedback loop. As such, it plays a key role in regulating 
inflammation in the context of AP. Inhibition of extracellular 
HMGB1 has also been proposed to be a therapeutic target for 
AP treatment (57).

miRNAs are known to regulate a wide variety of physi‑
ological and pathological processes, and rapidly accumulating 
evidence is suggesting that they are key regulators of 
numerous diseases (9,11,59). However, regulation of target 
genes by miRNAs is complicated and difficult to model and 
study. For example, while one single miRNA may be capable 
of regulating expression of multiple genes, the combination of 
several miRNAs may be necessary to fine‑tune the expression 
of a single gene. Most of the evidence to date suggests that the 
main role of miRNA is to downregulate and, in rare cases, 
upregulate target gene expression (9). miRNA sequences are 
complementary to the target gene mRNA, usually inhib‑
iting the translation of the target mRNA and thereby acting 
similarly to RNA interference (59). From a clinical perspec‑
tive, miRNA‑based diagnostic and treatment methods have 
exciting and have a broad potential for the future. They may 
serve in a gene therapy capacity, where adenovirus vectors 
carrying target miRNAs may be used to regulate the expres‑
sion of target genes (60,61). With respect to miR‑340‑5p, a 
prior study reported that this miRNA was downregulated in 
hearts with ischemia‑reperfusion injury. Overexpression of 
miR‑340‑5p inhibited ischemia‑reperfusion‑induced apoptosis 
in H9C2 cardiomyoblasts (62). Overexpression of miR‑340‑5p 
was also shown to significantly promote the activation of 
the PI3K/AKT signaling pathway to alleviate neuronal cell 
damage (63). However, to the best of our knowledge, a role 
for miR‑340‑5p in AP has not been previous examined. The 
current study is important as it identified that miR‑340‑5p 
was capable of targeting HMGB1 and inhibiting its expression 
(Fig. S1), although the precise mechanism of action requires 
further investigation.

In conclusion, the presented study demonstrated that 
miR‑340‑5p effectively attenuated the severity of LPS‑induced 
inflammation and apoptosis in pancreatic acinar cells, and this 
effect was likely mediated via the suppression of HMGB1 and 
activation of PI3K/AKT signaling. Collectively, these findings 
support the notion that miR‑340‑5p may be a promising target 
for new AP therapies, and they also support a need for addi‑
tional mechanistic studies that examine a role for HMGB1 in 
AP progression.
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