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Screening and validation of differentially expressed
extracellular miRNAs in acute pancreatitis

SHISHUAI MENG', HAO WANG?, DONGBO XUE? and WEIHUI ZHANG?

Departments of !Critical Care Medicine and “General Surgery, The First Affiliated Hospital
of Harbin Medical University, Harbin, Heilongjiang 150001, P.R. China

Received October 21, 2016; Accepted June 8, 2017

DOI: 10.3892/mmr.2017.7374

Abstract. The present study aimed to screen for differen-
tially expressed extracellular microRNAs (miRNAs) during
the development of acute pancreatitis (AP) and validate the
miRNA expression in the plasma of patients with AP. The
culture medium of taurolithocholic acid-3 sulfate-treated rat
pancreatic acinar AR42J cells was collected to extract total
RNA for miRNA microarray analysis. Compared with the
miRNA test results of the AP rats in the GEO databases,
the differentially expressed extracellular miRNAs were
screened. The TargetScan, miRanda, and PicTar programs
were used for target gene prediction of the identified
miRNAs, and gene ontology-biological processes (GO-BP)
functional annotation was performed. Finally, the results
from the combined microarray analyses (in vitro cell line
and in vivo rat samples) were validated using plasma samples
from patients with mild and moderately severe AP by reverse
transcription-polymerase chain reaction. The results demon-
strated that extracellular miR-24 was differentially expressed
by microarray and bioinformatics analysis in both the cell
line and the animal model of AP. Bioinformatics prediction
analysis revealed that downstream target genes of miR-24
included Vav2, Syk, Lhegr, Slc9a3rl, Cacnbl, Cacnalb,
Bcl10, and Fgd3. Functional enrichment analysis revealed
that the main GO-BP predicted functional presentations
were positive regulation of calcium-mediated signaling,
activation of c-Jun N-terminal kinase activity, calcium ion
transport, regulation of Rho protein signal transduction,
negative regulation of the protein kinase B signaling cascade,
and the T cell receptor signaling pathway. Validation analysis
for the plasma miR-24 expression in humans revealed a
significant upregulation of miR-24 in the plasma samples of
AP patients compared with the healthy controls, while no
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significant difference was observed in the miR-24 expression
between the mild and the moderately severe AP groups. The
present study confirmed the high expression of miR-24 in
peripheral blood during AP, suggesting that miR-24 might
have an intercellular communication role contributing to the
AP-associated distant organ injury.

Introduction

Acute pancreatitis (AP) is a common critical illness in the
general surgery department and intensive care unit (ICU).
AP can develop rapidly and cause multiple organ dysfunc-
tion syndrome and even endanger lives (1). AP is associated
with long-term drinking, increased triglyceride levels, and
mechanical pancreatic duct obstruction. The development
of AP is usually attributed to stimulation of the pancreas by
excessive production, release, or early activation of proteolytic
enzymes (2). Injured acinar cells release inflammatory media-
tors to activate immune cells and induce inflammatory cell
infiltration, thus promoting the development and aggravation
of AP (34).

Severe AP usually causes functional injury of distant
organs, especially lung injury. Multiple studies have indicated
that the mechanism underlying AP-induced lung injury may
be associated with excessive release of cytokines and inflam-
matory mediators, cell apoptosis, and excessive accumulation
of neutrophils and macrophages (5). During the induction
of distant organ dysfunction by AP through intercellular
and interorgan signaling, reactive oxygen species might be
a key factor (6,7). However, the specific mechanism and the
processes in the inflammatory reactions and injury of distant
organs induced by AP remain unclear.

The present study evaluated the extracellular microRNA
(miRNA) expression profiles of the culture medium from acti-
vated pancreatic acinar cells and of mesenteric lymph samples
from an AP animal model, using microarray analysis. The
differential miRNA expression was then validated in plasma
samples from patients with AP, in order to provide evidence
for potentially novel therapeutic targets in the treatment of AP.

Materials and methods

Measurement of miRNAs in the culture medium of activated
AR42]J cells
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Cell experiments and grouping. Rat pancreatic acinar AR42J
cells were purchased from the China Center for Type Culture
Collection (Wuhan, China). The AR42]J cell line was cultured
in DMEM (Gibco; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) containing 10% fetal bovine serum (Gibco; Thermo
Fisher Scientific, Inc.), 100 U/ml penicillin and 100 pg/ml
streptomycin in a 37°C and 5% CO, incubator (8).

AR42]J cells were divided into two groups: The control
group did not receive any treatment, while the experimental
group was treated with 200 M TLC-S for 40 min. Following
replacement with fresh medium, the cells were then cultured
for an additional 2 h prior to collection of the culture medium.

Microarray detection and data analysis. Total RNA from
culture medium was extracted using a Plasma/Serum
Circulating and Exosomal RNA Purification kit (cat. no. 42800;
Norgen Biotek Corp., Thorold, ON, Canada) according to the
manufacturer's instructions. Quality control was performed
using reverse transcription-quantitative polymerase chain
reaction (RT-qPCR) on has-miR-16 and has-miR-192 (9).
According to the recommended Ct value range of indicators
in a literature report, the extracted total RNA was determined
to have sufficient quality for use in the subsequent micro-
array experiments (9). The microarray platform used was
a rat yParaflo microRNA microarray assay (LC Sciences,
Houston, TX, USA). The negative control demonstrated a
lower hybridization signal value than the background signal
value. It was concluded that the microarray assay met the
quality standards. Labeling and hybridization experiments
were performed according to the microarray manufacturer's
instructions. The hybridization images were collected using
a laser scanning-based system (GenePix 4000B; Molecular
Devices LLC, Sunnyvale, CA, USA), and digital conversion
of images was performed using the Array-Pro Analyzer
image analysis software (Media Cybernetics, Inc., Rockville,
MD, USA). For data analysis, the background value was first
subtracted and then data were normalized using LOWESS
(Media Cybernetics) (2), and the locally weighted regression.
miRNAs with a fold change <0.5 or >2 were considered differ-
entially expressed miRNAs. P<0.01 was used as the threshold
value for differentially expressed miRNAs (10).

Detection of miRNAs in the mesenteric lymph of AP rats

Source of gene microarray data. The gene expression profile
data were downloaded from the Gene Expression Omnibus
database (National Center for Biotechnology Information,
http:/www.ncbi.nlm.nih.gov/geo) with the series number
GSE42455. In the original publication by Blenkiron et al,
intraductal infusion of sodium taurocholate in male Wistar
rats was performed with continuous infusion to prepare the
mild AP model (11). The individual microarray results from
the mild AP samples are available with the accession numbers
GSM1040489, GSM 1040490, GSM 1040491, GSM1040492,
and GSM1040493. Intraductal infusion of sodium taurocho-
late combined with intermittent infusion and maintaining
blood pressure at 60-65 mmHg was performed to prepare
the relatively severe AP model. The individual microarray
results for the severe AP samples are available with the acces-
sion numbers GSM1040484, GSM1040485, GSM 1040486,
GSM1040487, and GSM1040488. The results of the
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sham-operated group (control) are available with the acces-
sion numbers GSM1040479, GSM1040480, GSM10404281,
GSM1040482, and GSM1040483.

Analysis of microarray data. The platform of this experi-
ment was the GPL8786 Affymetrix Multispecies miRNA
array (Thermo Fisher Scientific, Inc., Waltham, MA, USA).
The Robust Multi-array Average (RMA) algorithm was used
to calculate the expression level, and the Microarray Suite
algorithm version 5.0 Affymetrix; Thermo Fisher Scientific,
Inc.) was used to calculate the detection calls (11). Probes with
low expression were filtered and only the groups of samples
with at least 2 detection calls were retained. The linear models
for microarray data (LIMMA) differential gene screening
algorithm was used to screen upregulated and downregulated
miRNAs (11). Fold changes were calculated, and miRNAs
with a fold change <0.5 or >2 were considered differentially
expressed miRNAs. The P-value cutoff was 0.01.

Target gene prediction and functional enrichment analysis
of miRNAs. The TargetScan (http:/www.targetscan.org/),
miRanda, (http:/www.microrna.org/microrna/home.do), and
PicTar (http://pictar.mdc-berlin.de/) programs were used to
predict the target genes of the differentially expressed miRNAs.
The target genes predicted by the three types of software were
screened based on the scoring criteria of each program. In the
TargetScan algorithm, target genes with a context percentile
<50 were excluded. In the miRanda algorithm, target genes
with Max-Energy >-10 were excluded. In the PicTar algorithm,
target genes with ddG >-5 were excluded. The results that were
common to all three programs were selected as the final target
genes of differential miRNAs.

The predicted target genes of differential miRNAs were
used for Gene Ontology (GO) functional annotation (12). Using
the Fisher's exact test, enrichment analysis was performed for
each GO category. The miRNA-target gene GO network was
constructed using the Cytoscape software version 2.8.3 (13).

GO-biological process analysis was performed with
the Database for Annotation, Visualization and Integrated
Discovery (DAVID) software (david.ncifcrf.gov/), by inputting
the list of genes that were predicted to be targets of miR-24 (14).

Patient information. In total, 32 patients were selected for
the present study that were admitted into the Department
of General Surgery and the ICU ward of Harbin Medical
University between July 2015 and December 2015. The inclu-
sion criteria were: Newly admitted patients were assessed
within 48 h and met the diagnostic criteria of the 2012 Atlanta
AP guidelines (8). Patients with the following conditions were
excluded from the study: Did not agree to participate, were
released or died within 24 h of admission, were younger than
18 years of age, had AP due to pancreatic injury resulting
from trauma, had chronic pancreatitis, or had a past history
of pancreatitis. According to the severity classification and
computed tomography (CT) classification based on the Atlanta
international guidelines (15), the included patients were divided
into the mild AP group and the moderately severe AP group.
Each group included 10 patients. In addition, plasma samples
from 10 healthy individuals were used as the control. Clinical
information about the patients involved in the present study is
listed in Table I. The present study was approved by the Ethics
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Committee of the First Affiliated Hospital of Harbin Medical
University (Harbin, China) and conformed to the ethics prin-
ciples in the Declaration of Helsinki of the World Medical
Association (WMA), and the International Ethical Guidelines
for Biomedical Research Involving Human Subjects of the
Council for International Organizations of Medical Sciences
(CIOMS) (9,16). The patient's family and patients agreed to
join the experiment and signed an informed consent form. The
approval number was HY YKY/WZLS 201560.

Collection of patient's peripheral blood fluid (10 ml). After
extraction of blood, the blood was sent to The Central
Laboratory of the First Hospital Affiliated to Harbin Medical
University within 2 h. Plasma samples were obtained by
using a low speed desktop centrifuge (at 3,000 x g for 15 min
at 20°C). The plasma sample was stored at -80°C. Blood,
urine and calcium analysis was determined by the auto-
matic biochemical apparatus (Beckman AU5800 automatic
biochemical analyzer).

Detection of plasma miR-24 in patients using RT-qPCR.
Total RNA was extracted from plasma samples using the
Ultrapure RNA extraction kit (cat no. CW0581; CWbio Co.,
Ltd., Beijing, China). A total of 5 ug RNA was subjected to 1%
agarose gel electrophoresis to determine the RNA integrity.
The reverse transcription of miRNAs was performed using
a cDNA first-strand synthesis reagent kit (cat. no. CW2141;
CWhbio Co., Ltd), according to the manufacturer's instruc-
tions (17). The forward primer (5'-3") of miR-24 was TGG
CTCAGTTCAGCAGGAACAG and the reverse primer was
CTGAGGTGCTGTGCGTGAC. Expression of U6 spliceo-
somal RNA (U6) was also tested as the internal reference
control. The U6 upstream primer was CTCGCTTCGGCA
GCACA, and the U6 downstream primer was AACGCT
TCACGAATTTGCGT. The PCR cycling conditions were as
follows: An initial pre-denaturation step at 95°C for 30 sec,
followed by denaturation at 95°C for 5 sec, annealing at 60°C
for 20 sec and extension at 72°C for 30 sec for a total of
40 cycles. Fluorescence-based quantification (SYBR Green)
was achieved using the Exicycler™ 96 Real-Time Quantitative
PCR system. An ABI 7500 fluorescence quantitative PCR
machine was used. Relative quantification of the data was
performed using the 224 method (9).

Statistical analysis. SPSS software version 17.0 (SPSS, Inc.,
Chicago, IL, USA) was used. The Fisher's exact probability
test was performed to compare the differences in gender and
age among the three groups. Blood amylase and calcium levels
were analyzed using a two-way analysis of variance followed
by the Newman-Keuls post hoc test. miR-24 expression results
from the patient samples were statistically analyzed using
analysis of variance followed by least significant difference
test for multiple comparisons. P<0.05 was considered to indi-
cate a statistically significant difference. Each experiment was
repeated 3 times independently.

Results

Differentially expressed miRNAs in activated AR42J cells and
in mesenteric lymph samples from AP rats. A gene microarray
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analysis of activated AR42J cells compared with untreated
cells (group 1) was performed in the present study to identify
differentially expressed extracellular miRNAs released in the
culture media. For a more comprehensive analysis, results
from a gene microarray database of mesenteric lymph samples
of mild AP (group 2) and severe AP (group 3) were also inves-
tigated in the present study. Fig. 1 illustrates the differentially
expressed miRNAs comparison between the three groups. The
results revealed that several differentially regulated miRNAs
were common in more than one group. However, miR-24 was
the only miRNA that was significantly and differentially regu-
lated by microarray analysis in all three groups: The activated
AR42]J cells, the mesenteric lymph in the mild AP rats, and the
mesenteric lymph of the severe AP rats (Fig. 1).

Prediction of functions regulated by miR-24. Three programs,
TargetScan, miRanda, and PicTar, were used for prediction of
the potential target genes of miR-24. Then the potential target
genes that were identified in common by all the three programs
were used for further GO enrichment analysis, in order to
predict the cellular functions that miR-24 may be important in.
According to the enrichment index, the most significant func-
tions identified were: ‘Positive regulation of calcium-mediated
signaling’, ‘activation of JUN kinase activity’, ‘calcium ion
transport’, ‘regulation of Rho protein signal transduction’,
‘negative regulation of protein kinase B signaling cascade’,
and ‘T cell receptor signaling pathway’ (Fig. 2). As illustrated
in Fig. 3, the predicted miR-24 target genes associated with
these functions included vav guanine nucleotide exchange
factor 2 (Vav2), spleen associated tyrosine kinase (Syk), lutein-
izing hormone/choriogonadotropin receptor (Lhcgr), SLC9A3
regulator 1 (Slc9a3rl), calcium channel voltage-dependent
beta 1 subunit (Cacnbl), calcium channel voltage-dependent N
type alpha 1B subunit (Cacnalb), B-cell lymphoma/leukemia
10 (Bcl10) and FYVE RhoGEF and PH domain-containing
protein 3 (Fgd3).

Clinical characteristics of the patients in the mild AP group,
the moderately severe AP group, and the healthy control
group. A statistical analysis was performed for the various
clinicopathological features of the patients involved in the
present study. The results revealed that age and gender did
not significantly differ among the control group, the mild AP
group, and the moderately severe AP group (Table I). The
levels of blood and urine amylases did not significantly differ
between the mild AP group and the moderately severe AP
group (Table I). However, the calcium levels differed signifi-
cantly between the mild and severe AP groups (P=0.0001;
Table I). According to the CT classification guidelines (15),
CT in the mild AP group indicated that there was no obvious
body fluid accumulation, whereas CT in the moderately severe
AP group revealed the presence of obvious and large amounts
of effusion and even the presence of encapsulated effusion and
necrotic tissues (Table I).

miR-24 levels in patients with AP. The miR-24 levels were
measured in the plasma of patients in the healthy control group,
the mild AP group, and the moderately severe AP group. The
results revealed that the mild AP group and the moderately
severe AP group had significantly higher expression levels of
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Table I. Clinical characteristics of patients in the mild AP group, moderately severe AP group, and healthy control group.
Indicator Mild AP group Moderately severe AP group ~ Control group  Statistical method  P-value
Gender (n) Fisher's exact test 0.8792

Female 3 (30%) 2 (20%) 4 (40%)

Male 7 (70%) 8 (80%) 6 (60%)

Total 10 10 10
Age (years) 47.90+17.95 47.10x15.79 44.00+£12.96 Fisher's exact test ~ 0.8428
Blood amylase (u/1) 491.28+471.03 413.78+437.51 0.11 (t-value) 0.9165
Urine amylase (#/1)  2505.60 (1160-5346) 3957.90 (305-6000) 0.2656 (z-value) 0.7906
Calcium (mmol/l) 2.241+0.2002 1.74+0.262 4.8 (t-value) 0.0001
CT classification

a 0 0

b 1 0

c 9 0

d 0 0

e 0 10

Values are presented as means =+ standard deviation, except for the urine amylase that is presented as the median (lower limit of quartile - upper
limit of quartile). Bold font denotes a statistically significant result. AP, acute pancreatitis; CT, computed tomography.

miRNAs in the culture medium of activated AR42J cells
miR-3573-3p miR-30c-1-3p miR-29b-3p miR-3594-3p miR-286-5p
miR-615 miR-343 miR-341 miR-16-5p miR-484

miR-483-3p miR-1249 miR-2985 miR-702-3p

miR-130a

miR-150

miR-451

miR-92a qv g
miRNAs in the iRMAs in the
mesenteric lymph o mesenteric Igmph of
mild AP rats moderate AP rats

miR-107 miR-140
miR-151 miR-214
miR-216a miR-31
miR-324-5p miR-330
miR-344-3p miR-503

miR-20a miR-20b-5p
miR-210 miR-222
miR-23b miR-27a
miR-324-3p miR-42-3p
miR-351 miR-425
miR-429 miR-497
miR-532-3p

miR-122 miR-138
miR-217 miR-21
miR-320 miR-375
miR-99b

Figure 1. Venn diagram demonstrating the common miRNAs differen-
tially expressed in the three groups analyzed in the present study. miRNA,
microRNA; AP, acute pancreatitis.

miR-24 compared with the control group (Fig. 4). However,
there was no difference between the mild AP group and the
moderately severe AP group (Fig. 4).

Discussion

This study screened the extracellular miRNA profile in the
culture medium of activated rat pancreatic acinar AR42]J
cells and of the mesenteric lymph of AP rats and discovered
that miR-24 was differentially expressed in both groups
with high expression. In addition, analysis of expression
by RT-qPCR in plasma samples of clinical AP patients
demonstrated that miR-24 was significantly upregulated
in both the mild AP group and the moderately severe AP
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Figure 2. Enrichment analysis of predicted functions for miR-24. Gene
ontology-biological process analysis was performed with the DAVID soft-
ware, by using as input the list of genes that were predicted to be targets of
miR-24.

group compared with healthy individuals. These results
indicated that during the development of AP, miR-24 might
be released in excess into circulating blood. Combined with
the findings of a previous study on AP and distant organ
injury (18), the present results suggested that miR-24 might
have an important role in the process of AP-induced distant
organ dysfunction.

Extracellular miRNAs have gradually become a focus of
intense study in the medical field (19,20). In 2008, Jeyasee et al
first discovered the presence of miRNAs in circulating blood,
and since then miRNAs have been demonstrated to be stably
present in various extracellular body fluids, including plasma,
serum, urine, tears, and lymph (11,21,22). Extracellular
miRNAs could integrate into recipient cells and interfere
with target mRNAs to regulate the function of recipient
cells (23-25). The miRNAs in circulating plasma or serum
are packaged into microvesicles and exosomes. Exosomes
are small endocytic vesicles, 30-100 nm in size. They are
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released into the extracellular environment and can fuse with
the plasma membrane of recipient cells to induce signal trans-
duction (26,27). Valadi et al (28) prepared total RNA from
exosomes and discovered small RNAs, including miRNAs.
Hunter er al (29) reported that miRNAs were also expressed
in microvesicles in circulating plasma and peripheral blood
mononuclear cells in normal individuals (29). Extracellular
miRNAs may be useful as novel biomarkers for diagnostic and
prognostic purposes and as potential novel therapeutic targets
(30.31).

Previous studies on AP and miRNAs rarely evaluated the
mechanism and treatment of distant organ injury. Anatomically,
mesenteric lymph nodes reach the subclavian vein through the
thoracic duct and bypass the portal vein and liver. It is generally
considered that potential toxic factors influence other internal
organs through mesenteric lymph nodes and bypass the portal
vein and liver (32). A previous study has indicated that the

intestinal ischemia/reperfusion injury caused by the release of
unknown factors into mesenteric lymph nodes could aggravate
AP (33). Several studies have suggested that the significantly
and specifically upregulated miRNAs in pancreatic tissues,
including miR-216a, miR-216b, and miR-375, had pancreatic
tissue specificity. The miRNA results from the mesenteric
lymph samples of AP mice revealed miR-216a, miR-375 and
miR-217 to be significantly upregulated (11,34). These results
indicated that mesenteric lymph is likely to contain miRNAs
derived from pancreas. Therefore, miRNAs that were present
in both pancreatic acini and mesenteric lymph had the greatest
possibility of serving a role in the process of the distant organ
injury caused by AP or in potential treatments through regula-
tion of signaling pathways.

Furthermore, systemic inflammatory response syndrome
(SIRS) occurs in combination with compensatory anti-inflam-
matory response syndrome (CARS) in AP. In the process of
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inflammatory reactions, anti-inflammatory therapy with the
combined inhibition of multiple pro-inflammatory factors
has been proven to be effective. For example, treatment using
an interleukin (IL)-10 receptor agonist and an anti-IL-8
antibody showed beneficial effects, and antagonizing inter-
cellular adhesion molecule-1 could attenuate lung injury
in mice (30). Although the association between pancreatic
nuclear factor (NF)-kB and the activation of trypsinogen in
AP is still controversial, a recent study indicated that these
processes could both induce inflammation (35); therefore,
a combined therapy to inhibit pro-inflammatory responses
might be more useful (35). The predominant pathological
state of patients with severe AP might be altered from SIRS
to CARS by successful treatment (36). The endogenous
anti-inflammatory lipid mediator resolvin D1 in AP could
improve pancreatic injury and lung injury through the
inhibition of NF-«kB activation (37). Circulating miRNAs
serving as mediators of intercellular signal transduction
have also been confirmed to serve an anti-inflammatory
role. Hyaluronic acid-poly (ethyleneimine) nanoparticles that
encapsulated miR-223 could regulate the repolarization of
pro-inflammatory M1 macrophages to anti-inflammatory M2
macrophages (38). The IL-10-dependent miR-146a exerted
anti-inflammatory effects through the Toll-like receptor-4
pathway in monocytes (39). Therefore, it is foreseeable that
miRNAs with anti-inflammatory activity have potential
significance in the treatment of AP and the control of distant
organ injury.

The present study screened miRNAs in the culture media
of activated pancreatic acinar cells and the lymph of an AP
animal model and revealed that miR-24 was the miRNA that
was significantly upregulated in both. Through functional
enrichment analysis, significant functions related to miR-24
were predicted: ‘Positive regulation of calcium-mediated
signaling’, ‘activation of JUN kinase activity’, ‘calcium ion
transport’, ‘regulation of Rho protein signal transduction’,
‘negative regulation of protein kinase B signaling cascade’,
and ‘T cell receptor signaling pathway’. Previous studies
suggested that the dose-dependent inhibition of Rho-kinase
had protective effects on AP, whereas bee venom could
prevent AP and inhibit pancreatic acinar cell death through the
inhibition of c-Jun N-terminal kinase activation (40,41). The
phosphoinositide 3-kinase and protein kinase B signal trans-
duction pathways may participate in the pathological process
of lung injury in severe AP through the upregulation of NF-«kB,
tumor necrosis factor-a, and IL-1p (18). In addition, calcium is
important in the process of substance P (SP)-induced chemo-
kine synthesis in pancreatic acinar cells (42). Drug treatment
targeting the SP-calcium-mediated signaling pathway might
be beneficial for AP therapy. The upregulation of the expres-
sion of the sarcoplasmic reticulum calcium pump in pancreatic
tissues to reduce intracellular calcium overload could also
reduce pancreatic tissue lesions (43).

In the present study, when assaying the plasma of clinical
AP patients, we demonstrated that plasma miR-24 levels
were significantly higher in patients with mild AP group and
moderately severe AP compared with the healthy volunteer
control group. These results indicated that CARS was present
during the systemic inflammatory reaction of AP, which was
consistent with the results from another study (40). However,
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if the underlying mechanism of miRNA24 in the process of
inflammation is further researched, novel therapeutic targets
may be found for the treatment of AP, especially for remote
organ damage.

Previous studies on miR-24 also indicated a role in inflam-
matory reactions, anti-inflammatory processes, and apoptosis.
Specifically, miR-24 inhibits atherosclerosis and increases
macrophage accumulation. Biological analysis indicated that
miRNA-24 regulated macrophage activation and polarization.
Overexpression of miR-24 inhibited cytokine secretion and
exhibited anti-inflammatory functions (24,44). Increasing the
miR-24 levels induces cell apoptosis by reducing the Bcl-2
protein expression levels, whereas anti-miR-24 transfection
enhances the inflammatory process and cell apoptosis-related
reactions (31,45). These findings are consistent with the
miR-24 function predicted in the present study. Further studies
are required to elucidate the mechanism of miR-24 and its
potential as a treatment target.

Although experimental studies related to AP and miRNAs
were performed previously, most previous studies evaluated
plasma miRNAs only in AP patients to screen for better diag-
nosis and prediction markers. The novelty of the present study
was the discovery of the uniquely expressed extracellular
miR-24 in all models tested: activated pancreatic acinar cells,
mesenteric lymph from an AP rat model, and plasma samples
from patients with AP. In addition, target gene prediction was
performed to understand the major cellular functions that
miR-24 may be involved in. The present results suggested that
miR-24 might be of use as a treatment target in AP and distant
organ injury. Further studies on the functions of miRNAs in
AP-related inflammatory pathways and mechanisms might
facilitate the search for novel therapeutic targets for treating
AP and the related distant organ injury.
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