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Abstract

AIM

To elucidate the underlying mechanism that micro-
RNA-22 (miR-22) promotes the apoptosis of rat
pancreatic acinar cells (AR42]) and the elements that
regulate the expression of miR-22.
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METHODS

One hundred nanomoles per liter of caerulein (Cae)
was administrated to induce the apoptosis of AR42]
cells and the apoptosis rate was detected by flow
cytometry analysis. An amylase assay kit was used
to measure the amylase expression level in the
supernatant. Quantitative real-time PCR (gqRT-PCR)
was adopted to measure miR-22 expression. We
used online tools to predict the potential transcription
promoter of miR-22 and the binding sites, which was
further identified by using luciferase reporter analysis,
chromatin immunoprecipitation (ChIP) and ChIP-
gPCR assays. Then, a mimic of miR-22, Nr3cl plasmid
encoding the glucocorticoid receptor (GR), and si-
Nr3cl were used to transfect AR42] cells, respectively.
The mRNA expression of miR-22, Nr3c1, and Erb-b2
receptor tyrosine kinase 3 (ErbB3) was confirmed by
gRT-PCR and the apoptosis rate of AR42] cells was
detected by flow cytometry analysis. Western blot was
used to detect the expression of ErbB3, GR, PI3k, PI3k-
p85a, Akt, p-Akt, Bad, Bax, Bcl-xl, Bcl-2, and cleaved
caspase3.

RESULTS

After inducing apoptosis of AR42] cells in vitro, the
expression of miR-22 was significantly increased by
2.20 £ 0.26 and 4.19 + 0.54 times, respectively, at
3 h and 6 h in comparison with the control group.
As revealed by gRT-PCR assay, the expression of
miR-22 was 78.25 * 6.61 times higher in the miR-22
mimic group relative to the miRNA control group,
accompanied with an obviously increased acinar cell
apoptosis rate (32.53 + 1.15 vs 18.07 = 0.89, P =
0.0006). The upregulation of miR-22 could suppress
its target gene, ErbB3, and the phosphorylation of
PI3k and Akt. Furthermore, we predicted the potential
transcription promoter of miR-22 and the binding sites
using online tools. Luciferase reporter analysis and site-
directed mutagenesis indicated that the binding site
(GACAGCCATGTACA) of the GR, which is encoded by
the Nr3cl gene. Downregulation of the expression of
GR could upregulate the expression of miR-22, which
further promoted the apoptosis of AR42] cells.

CONCLUSION
GR transcriptionally represses the expression of miR-22,
which further promotes the apoptosis of pancreatic
acinar cells by downregulating the downstream sig-
naling pathway.

Key words: MicroRNA-22; Apoptosis; Pancreatic acinar
cells; Erb-b2 receptor tyrosine kinase 3; Glucocorticoid
receptor

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The severity of acute pancreatitis (AP) is
inversely related to the rate of apoptosis of pancreatic
acinar cells. MicroRNA-22 (miR-22) might promote
caerulein-induced apoptosis of pancreatic acinar cells
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(AR42J) via down-regulating the expression of its target
gene, Erb-b2 receptor tyrosine kinase 3 (ErbB3) and
the PI3k/Akt signaling pathway. Glucocorticoid receptor
transcriptionally repressed the expression of miR-22 by
binding to the miR-22 promoter transcription start site.
The upregulation of miR-22 expression resulting from
silencing Nr3cl contributed to the apoptosis of AR42]
cells.

Fu Q, Liu CJ, Zhang X, Zhai ZS, Wang YZ, Hu MX, Xu XL,
Zhang HW, Qin T. Glucocorticoid receptor regulates expression
of microRNA-22 and downstream signaling pathway in
apoptosis of pancreatic acinar cells. World J Gastroenterol 2018;
24(45): 5120-5130 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i45/5120.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i145.5120

INTRODUCTION

Acute pancreatitis (AP), which has had high morbidity
and mortality rates in recent years, is characterized
by acute inflammatory changes in the pancreas
and destruction of the acinar cells™. Until now, the
pathogenesis of AP has remained unclear. Two patterns
of pancreatic acinar cell death (apoptosis and necrosis)
are involved in AP®!. Apoptosis is a physiological and
programmed form of cell death, and it is thought to be
the best method of cell death™. The relationship between
apoptosis and AP has been extensively investigated,
and it has been demonstrated that the severity of AP is
inversely related to the rate of apoptosis™™.

MicroRNAs (miRNAs), noncoding small RNAs that
are 18 to 24 nuclectides in length, play essential roles
in various physiological and pathological processes in
animals and plants™. By binding to the 3’ untranslated
region (UTR) of their target mMRNA molecules, miRNAs
can downregulate target gene expression and block the
translation of mRNA at the posttranscriptional level®”..
Recently, many studies have shown that miRNAs are
essential to different cellular processes, regulating
almost 80% of genes in processes such as development,
proliferation, apoptosis, metabolism, and morphogenesis
in multiple cell types under physiological and pathological
conditions®®’,

Our previous study showed that microRNA-22
(miR-22) is important in the process of pancreatic acinar
cell apoptosis. The upregulation of miR-22 promotes the
apoptosis of pancreatic acinar cells induced by tumor
necrosis factor alpha (TNF-a). We demonstrated the
role of miR-22 in promoting cell apoptosis by repressing
its target gene, Erb-b2 receptor tyrosine kinase 3
(ErbB3). However, the underlying mechanism has not
been fully elucidated™®, Currently, most miRNA studies
have focused on the regulation of downstream target
gene expression, and there have been few studies on
upstream miRNA transcription factors!'). An intergenic
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miRNA has its own independent transcription start site
(TSS), while an intragenic miRNA is generally transcribed
with its cohost gene™?. MiR-22, an exonic miRNA, has its
own host gene promoter™,

In this study, we elucidated the downstream signaling
pathways that miR-22 regulates in pancreatic acinar cell
apoptosis. Furthermore, we identified the transcriptional
promoter of miR-22 and verified its function in pancreatic
acinar cell apoptosis.

MATERIALS AND METHODS

MiR-22 mimic, Nr3c1 plasmid encoding the
glucocorticoid receptor and si-Nr3c1 construct

The mimic of miR-22, Nr3cl plasmid encoding the
glucocorticoid receptor (GR), and si-Nr3c1 were designed
and chemically synthesized by RiboBio (Guangzhou,
China).

Cell culture and transfection

The pancreatic acinar cell line AR42] (American Type
Culture Collection, United States) was cultured in
Dulbecco’s modified Eagle’s medium (DMEM)-F12 (Gibco,
United States) containing 20% fetal bovine serum (Gibco,
United States) in a humidified incubator. AR42] cells (1
x 10%/well) were seeded in 6-well plates 12 h before
transfection. The cells were transfected with the Nr3cl
plasmid encoding the GR (100 nmol/L) with Lipofectamine
™ 2000 (Invitrogen, United States). The cells were
transfected with the miR-22 mimic (100 nmol/L) and si-
Nr3cl (50 nmol/L) using transfection reagents (RiboBio,
Guangzhou, China). After transfection for 48 h, the AR42]
cells were collected for the next experiment.

Amylase detection

AR42] cells at 5 x 10°/well were seeded into 6-well plates
and incubated with DMEM-F12 containing 100 nmol/L
caerulein (Cae) for 24 h. The supernatant was collected.
An amylase assay kit (Jiancheng Bio, Nanjing, China)
was used to measure the amylase expression level in the
supernatant, following the manufacturer’s instructions.

Flow cytometry analysis of apoptosis

AR42] cells were harvested after treatment with 100
nmol/L Cae for 24 h. Then, the apoptosis rate of AR42]
cells was dectected using Annexin V-APC apoptosis kit
(KeyGEN Bio, China) according to the manufacturer’s
instructions.

Quantitative reverse-transcription polymerase chain
reaction

Total RNA was extracted and reverse-transcribed into
cDNA using PrimeScript RT Master Mix (Takara, Japan).
gRT-PCR was performed using the SYBR Premix Ex TaqTM
kit (Takara, Japan). The expression levels of miR-22,
ErbB3, and Nr3cl relative to the expression level of
GAPDH were determined using the 2**“" method. The
specific primer sequences are as follows: ErbB3 (forward),

Raishidenge ~ WJG | www.wjgnet.com

5-TCTGCATTAAAGTCATCGAGGAC-3’ and ErbB3 (reverse),
5’-CAGCCGTACAATGTGGGCAT-3’; Nr3cl (forward),
5’-CTTGAGAAACTTACACCTCGATGACC-3" and Nr3cl
(reverse), 5'-AGCAGTAGGTAAGGAGATTCTCAACC-3"; and
GAPDH (forward), 5-TCTCTGCTCCTCCCTGTTCT-3" and
GAPDH (reverse), 5-TACGGCCAAATCCGTTCACA-3". The
miR-22 primer was designed and synthesized by RiboBio
(Guangzhou, China).

Western blot analysis

Total protein from cultured AR42] cells was extracted
according to the manufacturer’s instructions (Beyotime
Bio, Wuhan, China). Forty micrograms of protein of
each sample was loaded and separated on a 12% SDS
polyacrylamide gel and electrophoretically transferred
onto PVDF membranes (Millipore, United States). Then
the membranes were incubated with anti-rat monoclonal
Bad, Bax, Bcl-xl, Cleaved-Caspase3, PI3k, Akt, p-Akt,
GR, (CST, United States), Bcl-2, PI3k-p85a, and ErbB3
antibodies (Santa Cruz Bio, United States) or the anti--
actin antibody (CST, United States) at 4 'C overnight, and
subsequently HRP-labeled secondary antibodies (1:5000)
at 37°C for 2 h; then the signals were visualized with
an electrochemiluminescence kit (Pierce, Rockford, IL,
United States).

Transcription factor search

The potential miR-22 transcriptional promoter and
binding sites were predicted using the online tools
(http://www.genomatix.de/; http://jaspar.binf.ku.dk/cgi-
bin/jaspar_db.pl; and http://www.gene-regulation.com).
The transcriptional promoter with the highest score was
chosen for further analysis.

Luciferase reporter assay

AR42] cells were seeded in 24-well plates and, after 24
h, transfected with 100 ng Nr3c1 control plasmid (Nr3c1-
NC) or the Nr3cl plasmid encoding the GR (Nr3C1-
OE), together with 50 nmol/L miR-22 promoter plasmid
(miR-22 promoter) contained by psiCHECKTM-2 vector
(RiboBio, China) with Lipofectamine™ 2000 (Invitrogen,
United States); cells transfected with only the miR-22
promoter control plasmid (miR-22 promoter NC) served
as the control group. Binding site mutations were
generated with mutagenic primers using a MutanBEST
Kit (Takara). The mutant miR-22 promoter plasmids
(miR-22 promoter mutl and miR-22 promoter mut2)
were cotransfected with Nr3c1-OE. The luciferase activity
was measured 48 h after transfection.

Chromatin immunoprecipitation (ChIP) and ChIP-qPCR
assays

ChIP assays were performed following the instructions
provided with the ChIP assay kit (Beyotime, Wuhan,
China). First, the chromatin in AR42] cells was cross-
linked with 1% formaldehyde for 10 min at 37 C,
and then the cells were washed three times with cold
PBS. The cells were collected, lysed, and sonicated.
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Figure 1 The apoptosis rate and levels of amylase, apoptosis-associated proteins, and microRNA-22 in caerulein-induced AR42J cells. A: The apoptosis
rate of AR42J cells after incubation with caerulein for 24 h; B: Amylase levels in the medium; C: Western blot analysis of the levels of apoptosis-associated proteins in
AR42J cells; D: MicroRNA-22 levels in AR42J cells. Data were obtained from three independent experiments performed in triplicate and are shown as the mean + SD.
°P<0.05,°P < 0.01, °P < 0.001 vs control group. Cae: Caerulein; miR-22: MicroRNA-22.

The nuclear lysates were sonicated, and an equal
amount of chromatin was immunoprecipitated at 4 C
overnight with 3 pg of GR and IgG anti-rat monoclonal
antibody (CST, United States). The immunoprecipitated
products were collected after incubation on protein A
+ G-coated magnetic beads; then, the beads were
washed, and the bound chromatin was eluted in ChIP
elution buffer. The protein was digested with proteinase
K for 4 h at 45 C. The DNA was purified using a DNA
purification kit (Beyotime). The DNA fragments of the
GR binding sites in the miR-22 promoter were designed
and synthesized by RiboBio (Guangzhou, China). After
immunoprecipitation, the GR binding site was evaluated
using gPCR and normalized to the total chromatin. Total
chromatin was used as the input. IgG and a non-specific
GR binding site (Nbs) were used as controls. The primers
used to amplify the DNA fragments of the GR binding
sites in the miR-22 promoter were also designed and
synthesized by RiboBio (Guangzhou, China). The ChIP-
gPCR conditions were based on a three-step method.

Statistical analysis

The results are expressed as the mean + SD from at
least three separate experiments. Statistical analyses
were performed using SPSS 22.0 software, and com-
parisons were made using Student’s t-tests and one-
way ANOVA. °P < 0.05, °P < 0.01, and P < 0.001 was
considered statistically significant.

JBaishideng® W]G I WWW.ngnet.COm
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RESULTS

Cae induced apoptosis of AR42J cells

Flow cytometry was used to detect apoptosis of AR42]
cells. As shown in Figure 1A, the apoptosis rate of AR42]
cells increased significantly after treatment with 100
nmol/L Cae for 24 h. The amylase level in the medium
was higher compared with that in the control group
(Figure 1B). Compared with the control cells, the Cae-
treated cells had increased protein expression levels
of Bad, Bax, and cleaved caspase-3 and significantly
decreased protein expression levels of Bcl-2 and Bcl-xI
(Figure 1C). The expression of miR-22 was confirmed by
gRT-PCR. As shown in Figure 1D, the expression level of
miR-22 was higher in AR42] cells exposed to Cae for 3 h
and 6 h than in the control cells.

Upregulation of miR-22 promotes the apoptosis of
AR42J cells by suppressing the PI3k/Akt signaling
pathway

AR42] cells were transfected with the miR-22 mimic as
described. The expression of miR-22 was significantly
elevated in the cells transfected with the mimic compared
with the miRNA NC cells (Figure 2A). As shown in Figure
2B and C, the mRNA and protein expression levels of
ErbB3, the target gene of miR-22, were significantly
lower in cells overexpressing miR-22 than in the control
cells. After AR42] cells were induced with Cae, the
apoptosis rate, amylase level, and the protein expression
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Figure 2 Upregulation of microRNA-22 promotes the apoptosis of AR42J cells by suppressing the PI3k/Akt signaling pathway. A: MicroRNA-22 expression
level; B: Erb-b2 receptor tyrosine kinase 3 (ErbB3) mRNA expression level; C: ErbB3 protein expression level; D: The apoptosis rate of AR42J cells induced with
caerulein (Cae) after transfection; E: Amylase levels in the medium; F: Western blot analysis of the levels of PI3k, p-PI3k, Akt, p-Akt, and apoptosis-associated
proteins in AR42J cells. Data were obtained from three independent experiments performed in triplicate and are shown as the mean + SD. “*P > 0.05, °P < 0.001 vs
miRNA NC or miRNA NC + Cae groups. ErbB3: Erb-b2 receptor tyrosine kinase 3; Cae: Caerulein; miRNA: MicroRNA; miR-22: MicroRNA-22.

levels of PI3k, p-PI3k, Akt, p-Akt, and apoptosis-
associated protein were detected. The apoptosis rate
in the miR-22 mimic + Cae group was significantly
higher than that in the miRNA NC + Cae group (Figure
2D), while the amylase level did not differ significantly
between the two groups (Figure 2E). Compared with
the miRNA NC cells, cells with upregulated miR-22 had
higher expression levels of Bad, Bax, and activated
caspase-3. The expression levels of the proteins that
promoted cellular proliferation were clearly reduced in the
miR-22 mimic + Cae group. In addition, the upregulation
of miR-22 significantly reduced the phosphorylation of
PI3k and Akt induced by Cae.
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Prediction and verification of the transcription factor of
miR-22

Using online programs, we predicted the transcription
factor and binding sites of the miR-22 promoter. The
possible transcription factors are shown in Figure 3A,
of which Nr3cl had the highest score. The 5'-flanking
region of miR-22 was cloned into the Xbal-site of the
pGL3-luciferase reporter vector, and the empty pGL3-
luciferase reporter was used as a control group. The
results showed that overexpression of Nr3cl led to a
significant decrease in luciferase activity compared with
that of the Nr3c1 NC + miR-22 promoter group (Figure
3B). We further identified the binding sites of Nr3cl
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Figure 3 Prediction of the transcription factors of microRNA-22 and the luciferase reporter. A: The possible transcription factors of microRNA-22 (miR-22) were
predicted, of which Nr3c1 had the highest score; B: The luciferase reporter expression after the overexpression of Nr3c1; C: The predicted glucocorticoid receptor
binding sites within the miR-22 promoter and the mutant versions generated by site mutagenesis are shown; D: The luciferase reporter expression after mutagenesis.
MiR-22 promoter NC, mut 1, or mut 2 plasmid was co-transfected with Nr3c1 NC or Nr3c1 OE plasmid into AR42J cells, respectively. Dual luciferase reporter assays
were performed 48 h after transfection; E: Results of the chromatin immunoprecipitation (ChIP) assay and ChIP-gPCR. Data were obtained from three independent
experiments performed in triplicate and are shown as the mean + SD. “*P > 0.05, °P < 0.05, °P < 0.01, °P < 0.001 vs Nr3c1 NC + miR-22 promoter NC, Nr3c1
NC + miR-22 promoter, Nr3c1 NC + miR-22 promoter WT, Nr3c1 OE + miR-22 promoter NC, Nr3c1 OE + miR-22 promoter WT or IgG groups. ChIP: Chromatin
immunoprecipitation; GR: Glucocorticoid receptor; mut: Mutagenesis; OE: Overexpression; miR-22: MicroRNA-22.

using TF search software. To determine the functional
importance of Nr3cl binding sites in the miR-22
promoter, site-directed mutagenesis was performed.
The base sequences of the predicted binding sites
and mutated sequences are shown in Figure 3C. The
luciferase reporter results demonstrated that compared
with the wild-type group, the group with the mutated
first binding site had significantly higher luciferase
activity, while the group with the mutated second binding
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site had activity that was significantly higher than that of
the wild-type but not as high as that of the group with
the mutated first binding site (Figure 3D), indicating that
Nr3cl might bind to the first site (GACAGCCATGTACA)
to regulate miR-22 promoter activity. Furthermore, ChIP
analysis was performed in AR42] cells to determine
whether GR bound to the miR-22 promoter. As shown
in Figure 3E, the ChIP and ChIP-gPCR assays showed
that GR interacted with the miR-22 promoter within the
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Figure 4 Expression of Nr3c1 mRNA, glucocorticoid receptor protein, and microRNA-22 level after transfection. A: The levels of Nr3c1 mRNA, GR protein,
and miR-22 after transfection with Nr3c1 plasmid; B: The levels of Nr3c1 mRNA, glucocorticoid receptor protein, and miR-22 after transfection with si-Nr3c1. Data
were obtained from three independent experiments in triplicate and are shown as the mean * SD. °P < 0.01, °P < 0.001 vs plasmid NC or sSiRNA NC groups. GR:

Glucocorticoid receptor; miR-22: MicroRNA-22.

GACAGCCATGTACA site.

Nr3c1 regulates the expression of miR-22

To investigate the influence of Nr3cl on the expression
of miR-22, the Nr3c1 plasmid encoding the GR and si-
Nr3cl were used to regulate the expression of Nr3cl. As
shown in Figure 4A, overexpression of Nr3cl significantly
reduced miR-22 expression compared with that of
the control. In contrast, si-Nr3cl downregulated the
expression levels of Nr3cl mRNA and the GR protein,
which promote the expression of miR-22 (Figure 4B).

Si-Nr3c1 promotes the apoptosis of AR42J cells

Downregulation of Nr3cl promoted the expression of
miR-22. The genes involved in the pathway downstream
of miR-22 that promoted apoptosis were detected.
As shown in Figure 5A and B, the mRNA and protein
expression levels of ErbB3 were significantly lower when
miR-22 was upregulated than in the control. After AR42]
cells were induced with Cae, the apoptosis rate increased
significantly (Figure 5C). However, the amylase level
was not significantly different between the two groups
(Figure 5D). As shown in Figure 5E, the expression
levels of p-PI3k and p-Akt were clearly lower in the cells
transfected with si-Nr3cl than in the siRNA NC group.
Downregulation of Nr3cl increased the expression of
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Bad, Bax, and activated caspase-3, while Bcl-2 and Bcl-
x| protein expression levels were obviously reduced.
Together, these data suggest that downregulation of
Nr3cl promoted the expression of miR-22 and the
apoptosis of AR42] cells.

DISCUSSION

Some studies have demonstrated that miR-22 plays
important roles in regulating the expression levels of
its target genes and that it is associated with various
diseases, such as autoimmune diseases, cardiovascular
diseases, emphysema, and cancer’***®\. Qur previous
results showed that the expression of miR-22 is clearly
higher in acute edema pancreatitis (AEP) in vivo.
Elevating miR-22 expression using a miR-22 mimic
could promote the activity of activated caspase-3 and
the rate of apoptosis of pancreatic acinar cells (AR42J)
induced with TNF-a in vitro. Moreover, the target genes
of miR-22 were predicted by bioinformatics, and the
luciferase reporter gene confirmed that ErbB3 was the
target gene of miR-22"%. Furthermore, we identified
the signaling pathway by which miR-22 regulates the
apoptosis of AR42] cells. The results demonstrated
that miR-22 represses the expression of its target gene
ErbB3. ErbB3, which belongs to the ErbB family, can be
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Figure 5 Down-regulation of Nr3c1 by using si-Nr3c1 promotes the apoptosis of AR42J cells by suppressing the PI3k/Akt signaling pathway. A: Erb-b2
receptor tyrosine kinase 3 (ErbB3) mRNA expression level; B: ErbB3 protein level; C: The apoptosis rate of AR42J cells after the effect of caerulein for 24 h; D:
Amylase level in medium; E: Western blot analysis for p-PI3k, p-Akt, and apoptosis associated proteins in AR42J cells. Data were obtained from three independent
experiments in triplicate and are shown as the mean * SD. °P < 0.01 vs siRNA NC groups. ErbB3: Erb-b2 receptor tyrosine kinase 3; Cae: Caerulein; miR-22:

MicroRNA-22.

transactivated by forming heterodimers with other ErbB
family members, especially ErbB2. ErbB3 lacks intrinsic
kinase activity and cannot autophosphorylate due to the
evolutionary acquisition of several changes within the
kinase domain®*",

Among the members of the ErbB family, ErbB3 has
the highest affinity for PI3k because of its six YXXM
motifs that can directly bind to the p85 regulatory subunit
of PI3k after tyrosine phosphorylation of ErbB31?,
Therefore, the activation of ErbB3 results in a strong
activation of the PI3k/Akt signaling pathway'*. The
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activation of the PI3k/Akt signaling pathway can lead to
apoptosis resistance in cancers such as ovarian, thyroid,
breast, hepatic, cervical, prostate, lung, pancreatic,
and colon cancers. Many studies have demonstrated
that inhibiting the activation of PI3k/Akt may lead to
cell apoptosis'**>!, Our results showed that miR-22
could upregulate the expression of genes that promote
apoptosis and reduce the expression of genes that
promote proliferation by suppressing the phosphorylation
of PI3k and Akt in Cae-induced apoptosis, which results
in promoting the activity of caspase 3. Caspases are
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a family of cysteine proteases that are present in the
cytosol as inactive proenzymes, and they become
activated when apoptosis is initiated, playing essential
roles in various stages of apoptosis©?. MiR-22 might
promote the apoptosis of AR42] cells by repressing the
PI3k/Akt pathway via inhibition of its target gene, ErbB3.

Transcription factors are a group of proteins that
bind to a specific sequence at the 5-end of a gene to
ensure that the target gene is expressed at a specific
time, in a specific location, and with a specific intensity.
In fact, transcriptional regulators play pivotal roles during
developmental and pathophysiological processes?®**%,
MiR-22, which belongs to the category of intergenic
miRNAs, has its own independent transcription factors.
Recent studies have shown that the transcription factors
of miR-22 include Jak3, STAT3, STAT5, and FosB. FosB
promotes the expression of miR-22, while Jak3, STAT3,
and STATS are transcriptional repressors®®>*®, In this
study, to identify the miR-22 transcription factor involved
in regulating the apoptosis of pancreatic acinar cells,
we first predicted the transcription factor and TSS.
The prediction results showed that Nr3cl might be a
transcription factor regulating miR-22. Nr3cl is a vital
GR gene; it can receive stimulation from glucocorticoids
and then influence downstream transcription factors by
changing the protein configuration, thereby playing an
indispensable role in gene regulation™”. We cloned the
5’ flanking regions of miR-22 and analyzed the promoter
regions. The first site (GACAGCCATGTACA) demonstrated
the highest promoter activity, as measured by the
luciferase reporter assay. The results of the site-directed
mutagenesis and ChIP-gPCR confirmed that Nr3c1 binds
to the miR-22 core promoter. The upregulation of miR-22
expression resulting from silencing Nr3cl contributed to
the apoptosis of AR42] cells. Apoptosis is a physiological
and programmed form of cell death, which is considered
the best method of cell death. It is characterized by cell
shrinkage, nuclear chromatin condensation, and the
retention of organelles®, The severity of AP is inversely
related to the degree of apoptosis, suggesting that
apoptosis may be a teleologically beneficial response to
acinar cell injury in general and especially in AP™.,

In conclusion, our results indicated that GR tran-
scriptionally repressed the expression of miR-22 by
binding to the miR-22 promoter TSS. Downregulating
the expression of GR could promote the expression of
miR-22. The upregulation of miR-22 promoted Cae-
induced apoptosis of AR42] cells by targeting ErbB3 and
further suppressed the PI3k/Akt signaling pathway. The
upregulation of miR-22 might have therapeutic potential
for AP.

ARTICLE HIGHLIGHTS

Research background

The severity of acute pancreatitis (AP) is inversely related to the rate
of apoptosis of pancreatic acinar cells. Our previous study showed that
microRNA-22 (miR-22) promotes the apoptosis of pancreatic acinar cells by
targeting Erb-b2 receptor tyrosine kinase 3 (ErbB3). However, the underlying
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mechanism has not been fully elucidated, and the elements that regulate the
expression of miR-22 remain unclear.

Research motivation

The downstream signaling pathways that miR-22 regulates pancreatic acinar
cell apoptosis have not been fully elucidated. Besides, miR-22 is an exonic
microRNA and has its own host gene promoter. In this study, we identified the
transcriptional promoter of miR-22 and verified their functions in pancreatic
acinar cell apoptosis.

Research objectives

This research aimed to elucidate the underlying mechanism that miR-22
promotes the apoptosis of rat pancreatic acinar cells (AR42J) and identify the
transcriptional promoter of miR-22.

Research methods

MiR-22 promoted the apoptosis of AR42J cells by targeting the ErbB3 gene,
and the downstream signaling pathway (PI13k/Akt signaling pathway) was
identified using caerulein (Cae)-induced apoptosis of AR42J cells. Furthermore,
we predicted the potential transcription promoter of miR-22 and the binding
sites using online tools. Luciferase reporter analysis and site-directed
mutagenesis indicated the binding site of the glucocorticoid receptor (GR).
The binding of GR to the miR-22 promoter in cell culture was identified by a
chromatin immunoprecipitation assay.

Research results

The results of this study indicated that GR transcriptionally repressed the
expression of miR-22 by binding to the miR-22 promoter transcription start
site. Downregulation of the expression of GR could upregulate the expression
of miR-22. The upregulation of miR-22 promoted the Cae-induced apoptosis
of AR42J by targeting ErbB3 and further suppressing the PI3k/Akt signaling
pathway.

Research conclusions

GR transcriptionally repressed the expression of miR-22 and downregulation of
the expression of GR could upregulate the expression of miR-22, which further
promoted the Cae-induced apoptosis of AR42J cells.

Research perspectives

This study found that GR transcriptionally repressed the expression of miR-22,
which might be a target to regulate the expression of miR-22. The further
research is to explore the treatment measures for AP by using drugs targeting
GRin in vitro cell models and in vivo AP models.
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