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Ghrelin with n-octanoylated serine 3 residue is a peptide hormone with well-known cardioprotective properties.
MicroRNA-122 is associated with the pathogenesis of many cardiovascular diseases, including apoptosis and
was found highly increased in our previous rat model of post-myocardial infarction heart failure. In this study,
we aimed to identify the target gene of microRNA-122 and to evaluate their impacts on the protective effect
of acylated ghrelin in angiotensin Il-induced apoptosis. The results showed that microRNA-122 was
upregulated in the angiotensin Il administration group accompanied by increased cell apoptosis, which were
both reversed by ghrelin. Furthermore, microRNA-122 mimics upregulated numerous pro-apoptotic genes
and increased apoptosis. The luciferase activity assay revealed Sestrin-2 as a direct target of microRNA-122.
The expression of Sestrin-2 was downregulated by angiotensin Il and upregulated by co-treatment with
ghrelin. Inhibition of microRNA-122 and overexpression of Sestrin-2 alleviated apoptosis which was further
reduced upon administered of ghrelin. Together, these results indicated that Sestrin-2 expression is inhibited
by microRNA-122 and that this inhibition is involved in the protective effect of ghrelin and angiotensin
[I-induced apoptosis. We also found that microRNA-122 influenced several apoptosis pathways including the
caspase cascade reaction and death receptor-mediated pathways. Collectively, our data reveal that
microRNA-122 and its target gene Sestrin-2, under the regulation of angiotensin Il and ghrelin, are important
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Introduction

Myocardial apoptosis plays a critical role in acute myocardial
infarction and many other cardiovascular diseases associated
with heart failure. Loss of cardiac myocytes, which are terminal
differentiated cells, is lethal and results in contractile tissue
loss, reparative fibrosis, and subsequent left ventricular
remodeling, all of which contribute to left ventricular dysfunc-
tion."® Such heart dysfunction in turn leads to more car-
diomyocyte apoptosis.* Therefore, the development of methods
for ameliorating cardiac myocyte apoptosis has drawn the
interest of many researchers worldwide.

Angiotensin II (Ang II), a peptide derived from angiotensin I,
is the most important component of the renin-angiotensin
system (RAS). It has vasoconstriction properties and has been
found to be associated with cell apoptosis, hypertrophy, and
cardiac remodeling.® Ghrelin, a peptide hormone isolated from
the stomach, is considered to regulate growth hormone (GH)
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developed as potential therapeutic targets against apoptosis in cardiovascular diseases.

secretion as the endogenous ligand for growth hormone
secretagogue receptor (GHS-R), in which process n-octanoylated
serine 3 residue of ghrelin is necessary.® Besides its functions in
regulating energy homeostasis, ghrelin and its receptor possibly
have a function in the heart as well,” since they were found to be
expressed in the heart tissue, such as in cardiac ventricles and
blood vessels.? Ghrelin has been reported to confer car-
dioprotective effects such as ameliorating left ventricular
dysfunction and remodeling, protecting the heart against
ischemia/reperfusion injury, improving energy metabolism in
heart failure, and inhibiting cardiomyocyte apoptosis through
the ERK1/2 and PI3-kinase/AKT signaling pathways.” These
cardioprotective effects make ghrelin a novel pharmacological
target for the treatment of cardiovascular diseases. However,
the molecular mechanisms underlying these effects of ghrelin
are still unknown. Recent studies have shown that ghrelin can
upregulate microRNAs (miRNAs) and can in turn be regulated
by miRNAs.'>'* However, the target miRNAs of ghrelin in
inhibiting Ang II-induced apoptosis and the mechanisms
underlying their role in cardiovascular diseases, especially in
cardiomyocytes apoptosis, have not been fully elucidated.
MicroRNAs (miRNAs) belong to a class of small non-coding
RNAs (about 20-25 nucleotides) that negatively regulate the
translation of target genes and/or promote the degradation of
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the transcribed mRNAs through binding to the 3’ untranslated
region (UTR) of the miRNA targets.">** MiRNAs play crucial
roles in the regulation of gene expression: approximately 1/3rd
of known human genes are regulated by miRNAs.** In partic-
ular, in cardiovascular diseases, miRNAs critically involve in
regulating cellular processes including apoptosis, proliferation,
fibrosis, and many other pathological pathways.">™® Moreover,
the clinical application of miRNAs as diagnostic and prognostic
targets has attracted a lot of research attention."®

MicroRNA-122 (miR-122) is conserved in vertebrates, and
although it is highly expressed in the liver, it has recently been
found to be associated with different pathogenesis in cardio-
vascular diseases, including apoptosis and fibrosis.**** In our
previous study,* the differential miRNA profile in a rat model of
post-infarction heart failure showed that miR-122, as one of the
most abundantly expressed miRNAs, is markedly upregulated
during the development of heart failure, which revealed its
potential role in this complex pathological process. Further-
more, miR-122 has been applied as a novel biomarker for many
cardiovascular diseases such as acute coronary syndrome>*>*
and as a predictor of outcome.” However, whether miR-122
involves in Ang II-induced apoptosis and the mechanisms by
which miR-122 contributes to apoptosis remain unclear.

Sestrin-2 (Sesn2), an important member of the sestrin family,
can be activated by the transcriptional factor p53. The encoded
proteins are called stress-inducible proteins, since they can
protect cells against various insults such as oxidative stress and
DNA damage.*® In cardiovascular diseases, Sesn2 exerts cyto-
protective effects in energetic stress-induced cell death, Ang II-
induced endothelial toxicity, and myocardial ischemia,*~** all of
which can result in heart failure.

HO9c2 cells derived from the embryonic rat heart are ideal for
signal transduction research due to their division property and
have been used as a cell model in several studies on apoptosis.>**
In this study, we aimed to identify the target gene of miR-122 and
to evaluate their impacts on the protective effect of ghrelin in Ang
II-induced apoptosis. We found that miR-122 expression was
upregulated in H9c2 cells and this upregulation was accompa-
nied by increased cell apoptosis induced by Ang II treatment;
however, both these effects could be ameliorated by ghrelin
pretreatment. PCR array was performed to further explore the
pathways influenced by miR-122 in apoptosis, and the target
gene of miR-122 was identified by luciferase reporter assay.
Additionally, miR-122 mimics and inhibitors, as well as a Sesn2
overexpression vector (pEX-Sesn2), were transfected into H9c2
cells to investigate their impacts on the cardioprotective effect of
ghrelin on Ang II-induced apoptosis. The study reveals miR-122
and its target gene that play important roles in cardiomyocyte
apoptosis and can therefore be used as a therapeutic target.

Experimental
Materials

H9c2, a rat cardiac myoblast cell line, was obtained from
American Type Culture Collection (ATCC, Cat# CRL-1446, RRID:
CVCL_0286). Dulbecco Minimal Essential Medium (DMEM) and
fetal bovine serum (FBS) were purchased from Gibco (Cat#
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11965-092, 10099-141). 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-
2H-tetrazolium bromide (MTT) was obtained from Sigma-
Aldrich (Cat# M2128). Ang II was purchased from Tocris
Bioscience (Cat#t 1158). Ghrelin was obtained from Phoenix
Biotech (Cat# 031-31). The Annexin V-fluorescein isothiocyanate
(FITC) apoptosis detection kit and BCA Protein Quantitation
Assay were purchased from KeyGen Biotech (Cat#f KGA108,
KGP902). PrimeScript™ RT reagent kit and SYBR fluorescent
quantitation kit were provided by Takara (Cat# RRO047A,
RR420A). The Rat Apoptosis RT> Profiler™ PCR Array and other
related reagents were obtained from QIAGEN Bioinformatics
(Cat# PARN-012Z). The Fugene transfection reagent and Dual-
Luciferase Reporter Assay System were purchased from Prom-
ega (Cat#f E2311, E1910). Primary antibodies against SESN2 (Cat#
ab178518), B-ACTIN (Cat# ab16039), and horseradish peroxidase
(HRP)-conjugated goat anti-rabbit IgG secondary antibody (Cat#
ab6721) were purchased from Abcam and the details of these
antibodies are described in Table 1.

Cell culture, transfection, and treatments

HO9c2 cells were cultured in DMEM supplemented with 10% FBS,
100 U mL ™" penicillin, and 100 mg mL ™" streptomycin in a 5%
C0,/95% air humidified incubator at 37 °C. The cells were then
seeded in 6-well plates at a density of 1 x 10° per well during the
logarithmic growth phase. When the cells reached 80% conflu-
ence, the miRNA negative control (NC), mimics, and inhibitors
(20 uM) synthesized by Gene Pharma were transfected into the
cells using Fugene HD reagents. Sesn2 gain-of-function experi-
ments were conducted using the overexpression vector pEX-
Sesn2 (Sesn2 cDNA was inserted into the pEX-4 vector
provided by Gene Pharma). After the transfection was complete
(usually after 12-24 h), the culture medium (control) and ghrelin
(100 nM), Ang II (100 nM), or both were added to the culture
dishes, followed by incubation for 24 h. Total RNA and proteins
were extracted for qPCR and western blot analysis, respectively.

Measurement of cell viability using the MTT assay

The MTT assay works based on the transformation of exogenous
MTT into an insoluble formazan crystal by mitochondrial dehy-
drogenases of living cells. In this study, the H9c2 cells were
cultured at a density of 5 x 10° cells per well into 96-well plates.
After 24 h, the cells were incubated with culture medium or
treated with Ang II (100 nM) for different durations (from 0 h to
48 h) with or without ghrelin. Next, MTT (5 mg mL ") was added
to the cells (20 pL per well) for 4 h. Finally, the culture medium
was removed from the wells, and dimethyl sulfoxide was added
into the wells to resolve the formazan crystals (150 uL per well).
After agitation at room temperature for 10 min, the absorbance at
490 nm of each well was measured using a spectrophotometer
microplate reader. The viability was defined as the percentage of
absorbance of the treated cells versus that of the untreated cells.

Assessment of apoptosis by flow cytometry using annexin V-
FITC/PI staining

To measure apoptosis, the H9c2 cells were harvested using Try-
pleE (Gibco, Cat#f 12604021) and washed with PBS 3 times. Then,
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Table 1 The information of antibodies used in western blot
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Target Name of antibody Manufacturer, catalog no. Species raised in mono/polyclonal Dilution used
SESN2 Anti-SESN2 antibody Abcam, Cat#f ab178518 Rabbit monoclonal antibody 1:1000
B-ACTIN Anti-BETA ACTIN antibody Abcam, Cat#f ab16039 Mouse monoclonal antibody 1:1000

500 pL binding buffer mixed with 5 pL annexin V-FITC and pro-
pidium iodide (PI) was added per 1 x 10 cells. The percentage of
apoptotic cells was then assessed by flow cytometry.

RNA extraction and real-time quantitative PCR

Total RNA was extracted using the RNeasy® mini kit (QIAGEN).
c¢DNA was synthesized using the RT reagent kit, and real-time
quantitative PCR was performed with the Stratagene Mx3005p
Real-Time PCR System (Agilent, CA, USA) using SYBR Green
Master Mix. The PCR program was as follows: 1 cycle of 95 °C for
10 min; 40 cycles of 95 °C for 30 s, and 60 °C for 1 min; and 1
cycle of 95 °C for 1 min, 55 °C for 30 s, and 95 °C for 30 s. MiR-
122, Gapdh, and Sesn2 sequences were obtained from the NCBI
GenBank (Gene IDs: 100314023, 24383, and 502988, respec-
tively). The primers (Sangon Biotech) used in this section were
designed using the stem-loop method (miRNA) or Primer 5.0
software (gene) and are listed in Table 2. For data analysis, the
comparative threshold cycle (CT) value of U6 (for miR-122) and
Gapdh (for Sesn2) was used to normalize the loading variations
in real-time PCR. The CT value of Sesn2/miR-122 minus that of
Gapdh/U6 was determined as the ACT value. The AACT values
were then obtained by subtracting the control ACT values from
the corresponding experimental ACT values and converted into
a fold difference using the equation 27447,

Western blot

Total protein was extracted and lysed with cell lysis buffer
(Bestbio, Cat#t BB-3201-2). Protein concentration was then
measured using the BCA Protein Quantitation Assay. Next,
equal amounts of protein from different groups were separated
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred to a polyvinylidene difluoride
(PVDF) membrane. The membrane was then blocked with TBST

Table 2 Primers used in quantitative qRT-PCR

Primers Sequence 5 — 3’

miR-122 RT“ primer GTCGTATCCAGTGCAGGGTCCGAGGTG

CACTGGATACGACCAAACAC
miR-122 forward primer TGCGGTTGGAGTGTGACAATGG
miR-122 reverse primer CAGTGCAGGGTCCGAGGT

CGCTTCACGAATTTGCGTGTCAT
GCTTCGGCAGCACATATACTAAAAT
CGCTTCACGAATTTGCGTGTCAT

U6 RT“ primer
U6 forward primer
U6 reverse primer

Gapdh forward primer CATCACCATCTTCCAGGAGCG
Gapdh reverse primer TGACCTTGCCCACAGCCTTG
Sesn2 forward primer AACCTTTCGTGCCCAGGATT
Sesn2 reverse primer GGAGCATGGAGGTGTCTACG

“ RT, reverse transcription.

This journal is © The Royal Society of Chemistry 2018

buffer for 2 h and incubated with primary antibodies against
SESN2 and BETA-ACTIN at 4 °C overnight. After washing
with TBST buffer for 3 times, the membrane was incubated with
IgG HRP-conjugated secondary antibody for 2 h. Chem-
iluminescence (ECL) was used for image developing.

Dual-luciferase reporter assay

The pmiR-RB-REPORT™ Vector (RiboBio) inserted with the wild-
type (pmiR-RB-REPORT-Sesn2-wt) or mutant Sesn2 3’ UTR (pmiR-
RB-REPORT-Sesn2-mut) or the vector itself (pmiR-RB-REPORT-
Sesn2-si) were co-transfected into H9c2 cells with miR-122
mimics or NC in 24-well plates. Twenty-four hours after trans-
fection, the renilla and firefly luciferase activities were measured
using the Dual-luciferase reporter assay system according to the
manufacturer's instructions. Firefly luciferase activity was used as
the internal control and the normalized data were calculated as
the quotient of renilla/firefly luciferase activities.

Rat apoptosis RT> profiler PCR array

First, the RNA samples were extracted using the RNeasy® mini
kit and converted into first-strand cDNA using the RT” first
strand kit. Next, the cDNA was mixed with the RT*> SYBR Green
Mastermix and aliquoted into the wells of the RT2 profiler PCR
array. The PCR program was as follows: 1 cycle of 95 °C for
10 min; 40 cycles of 95 °C for 15 s, and 60 °C for 1 min; and 1
cycle of 95 °C for 1 min, 55 °C for 30 s, and 95 °C for 30 s. The
relative mRNA level of the genes were compared between the
treatment group and control group and presented as table and
scatter plot. The total RT? profiler PCR array gene expression
analysis report was obtained using QIAGEN analysis (https://
www.qgiagen.com/cn/shop/genes-and-pathways/data-analysis-
center-overview-page/) and provided in ESL}

Statistical analyses

All the experiments were performed at least 3 times. The data
were analyzed using SPSS 19.0 and presented as mean =+ stan-
dard deviation (SD). Differences between multiple groups were
analyzed by one way or two way ANOVA followed by Dunnett
post-tests (compared all groups with control group) or Bonfer-
roni post-tests (compared all pairs of groups). Difference
between two groups were analyzed by Student's two tailed ¢ test.
P < 0.05 was considered statistically significant.

Results

Cardioprotective effect of ghrelin on Ang II-induced H9¢c2 cell
apoptosis

To examine the effect of ghrelin on Ang II-induced apoptosis,
HO9c2 cells treated with or without 100 nM ghrelin were
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incubated with 100 nM Ang II for different durations. Cell
viability was measured using the MTT assay. Compared with 0 h
group, the groups subjected to Ang II treatment for 6-24 h
showed decreased cell viability (range: 91.3 + 4.2% to 67 +
4.6%); cell viability began to recover after 24 hours of treatment.
Consequently, we chose 24 h as the best duration for Ang II
treatment; under this condition, ghrelin (100 nM) treatment
increased cell viability to 77.7 £ 4% (Fig. 1(A)). To further
investigate the effect of Ang II and ghrelin on cell apoptosis, the
exact percentage of apoptotic cells was confirmed by Annexin
V-FITC/propidium iodide (PI) double staining, followed by flow
cytometry analysis. The results shown in Fig. 1(B) and (C) reveal
that 24 h of Ang II treatment remarkably induced apoptosis
(16.7 £ 1.7%; compared to control group: 4.3 &+ 0.5%), and this
deleterious effect could be significantly ameliorated by ghrelin
treatment (percentage of apoptotic cells reduced to 9.4 + 1%).

Effects of Ang II and ghrelin on miR-122 expression

To investigate whether Ang II and ghrelin affected miR-122
expression, the relative mRNA level of miR-122 was detected
by real-time RT-PCR, and the results normalized to U6 were

20 biid
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Fig. 1 Ang ll-induced H9c2 cells apoptosis and the cardioprotective
role of ghrelin. (A) H9c2 treated with or without 100 nM ghrelin were
incubated with 100 nM Ang Il from O h to 48 h. Cell viability was
examined by MTT assay and defined as the absorbance of the treated
cells versus that of the untreated cells. (B), (C) H9c2 cells incubated in
culture medium (control), ghrelin (100 nM), Ang Il (100 nM) or both for
24 hours were stained with Annexin V-FITC/propidium iodide (PI) and
analyzed by flow cytometry. **P < 0.01, ***P < 0.001 versus O h
group or control group; *P < 0.05, *#P < 0.01 versus Ang Il 24 h group
(n = 3).
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calculated as 20°24¢", The primers used are shown in Table 2.
miR-122 expression was significantly upregulated upon Ang II
treatment (2.1 £+ 0.4), and ghrelin treatment ameliorated the
Ang II-induced upregulation of miR-122 (Fig. 2).

Treatment with miR-122 inhibitors attenuated Ang II-induced
apoptosis and enhanced the cardioprotective effect of ghrelin

HOc2 cells were transfected with miR-122 negative control (NC),
miR-122 mimics, and miR-122 inhibitors. The transfection
efficiency was verified by qRT-PCR: cells transfected successfully
would have the associated change in miR-122 mRNA level
(mimics increase mRNA level and inhibitors decrease mRNA
level; Fig. 3(A)). The successfully transfected cells were then
incubated in culture medium (control), 100 nM Ang II, and
100 nM Ang II + ghrelin for 24 h. The percentage of apoptotic
cells was detected by flow cytometry. Cells transfected with miR-
122 NC showed no significant difference compared to those
without transfection, revealing that the transfection reagents
and process hardly affects the H9c2 cells. Compared with the
NC groups, all the mimics groups showed significantly
increased cell apoptosis. The inhibitors group all showed
significant differences compared with the mimics groups.
Furthermore, miR-122 inhibitors significantly suppressed the
apoptosis of H9c2 cells exposed to Ang II with (10.6 £ 2.5%) or
without ghrelin (7.1 £+ 0.6%) (compared with NC: 17.1 £+ 2.5%
and 10.1 £ 0.9%, respectively; Fig. 3(B) and (C)).

PCR array analysis of the effect of miR-122 on apoptosis
pathway

In the previous experiment, we found that miR-122 mimics
significantly increased apoptosis, while treatment with miR-122
inhibitors protected the H9c2 cells from apoptosis. Next, to
identify the signaling pathway involved in miR-122-mediated
apoptosis, cells transfected with miR-122 mimics and NC were
extracted and analyzed by QIAGEN apoptosis RT> profiler PCR
array. According to the QIAGEN analysis software, miR-122 over-
expression upregulated the expression of death-receptor-
mediated pathway-related genes including Fas, Faslg, and Tnf,

MiR-122 mRNA level
(relative to U6,2*(-AACy))

0-

Control Ang Il Ang lI+Ghrelin

Fig. 2 MiR-122 mRNA level was affected by Angll and ghrelin. H9c2
cells were incubated with culture medium (control), Ang Il (100 nM),
ghrelin (100 nM) or Ang Il + ghrelin (100 nM) for 24 h. Total RNA was
extracted and reversed using primers in Table 2. Relative mRNA level of
miR-122 was detected by quantitative RT-PCR and normalized to U6.
*P < 0.05 versus control group; #P < 0.05 versus Ang Il group (n = 3).

This journal is © The Royal Society of Chemistry 2018
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Fig. 3 The impact of miR-122 on Ang ll-induced apoptosis and car-
dioprotective effect of ghrelin. (A) MiR-122 mimics, inhibitors and NC
(synthesized by Gene Pharma) were transfected into H9c2 cells using
Fugene transfection reagent, the efficiency was examined by qRT-
PCR; (B), (C) the successfully trasfected cells were incubated with
culture medium, Ang Il or Ang Il + ghrelin for 24 h. The percentage of
apoptotic cells was detected by flow cytometry. *P < 0.05, **P < 0.01
versus NC group; #P < 0.05, ##P < 0.01 versus mimics group (n = 3).

and also induced the expression of caspase cell apoptosis
pathway-related genes including Casp3 and Casp8, while
downregulating Dapkl and Card10, which show anti-apoptotic
effects (Fig. 4). These data further revealed miR-122 plays a key
role in the regulation of cell apoptosis.

Sesn2 is a direct target of miR-122

Sesn2 was predicted to be the target gene of miR-122 using
TargetScan human7.1; the schematic diagram of miR-122
binding sites in the Sesn2 3’ UTR is given in Fig. 5(B). To
verify whether miR-122 regulates Sesn2 directly through
binding to its 3’ UTR, we cloned wild-type (pmiR-RB-REPORT-
Sesn2-wt) and mutant (pmiR-RB-REPORT-Sesn2-mut) Sesn2 3’
UTR into the pmiR-RB-REPORT™ vector (RiboBio, Guangz-
hou, China) (Fig. 5(A)). The dual-luciferase assay was
then applied to investigate the role of miR-122 in regulating
Sesn2. If a microRNA pairs to the sequence cloned to the
downstream of the renilla luciferase gene in the vector, the
renilla luciferase activity will be attenuated, but firefly lucif-
erase activity will not change. In our study, relative luciferase
activity was significantly inhibited upon co-transfection with
pmiR-RB-REPORT-Sesn2-wt and miR-122 mimics group
(0.034 £+ 0.002) compared with that in the other groups
(Fig. 5(C)), which clearly revealed that Sesn2 is a direct target
of miR-122.

This journal is © The Royal Society of Chemistry 2018
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Fig. 4 MiR-122 affected various apoptosis pathway. (A) H9c2 cells
were transfected with miR-122 mimics or NC vector, extracted by
RNeasy® mini kit, and reversed by RT? first strand kit followed by real-
time fluorescent quantitative PCR. The normalized expressions of
every gene on the array between miR-122 mimics (group 1) and NC
group (control group) were compared and presented as scatter plot.
The central line indicated unchanged gene expression. The dotted
lines indicate the selected fold regulation threshold. Data points
beyond the dotted lines in the upper left and lower right sections meet
the selected fold regulation threshold. (B) The differentially expressed
genes are listed with name and fold regulation. Fold-regulation
represents fold-change results in a biologically meaningful way. Fold-
change (2{~Pe!ta Delta €Ty is the normalized gene expression (2-Petta €T
in the test sample divided the normalized gene expression (2{~Delta CT)
in the control sample (see ESIt data sheet for more details).
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Fig.5 Sesn2isadirect target of miR-122. Cells transfected with pmiR-
RB-REPORT-Sesn2-wt, pmiR-RB-REPORT-Sesn2-mut or pmiR-RB-
REPORT-Sesn2-si vector would simultaneously be transfected by
miR-122 mimics or miR-122 NC. (A) Construct maps of the vectors
mentioned above. (B) Schematic diagram of miR-122 binding sites in
wild or mutant type of Sesn2 3’ UTR. (C) The renilla luciferase activity
was measured by the Dual-Luciferase Reporter Assay System and
normalized to firefly luciferase activity. ***P < 0.001 versus pmiR-RB-
REPORT-Sesn2-wt + miR-122 mimics group (n = 3).

MiR-122 negatively regulated Sesn2 in H9¢c2 cells

Next, to verify the correlation between miR-122 and Sesn2 in
cells, H9c2s were transfected with miR-122 NC, miR-122 mimics,
and miR-122 inhibitors, and the mRNA and protein levels of
Sesn2 were detected by real-time RT-PCR and western blot,
respectively. As shown in Fig. 6, both the mRNA and protein
levels of Sesn2 increased in the miR-122 inhibitors group (2.44 +
0.4 and 1.23 £ 0.03, respectively) and decreased in the miR-122
mimics group (0.39 + 0.08 and 0.83 £ 0.02, respectively)
compared with that in the NC group, thus suggesting that miR-
122 negatively regulates Sesn2 mRNA and protein expression.

Effects of Ang II and ghrelin on Sesn2 expression

Since miR-122 expression could be affected by Ang IT and ghrelin,
we further investigated the effect of Ang II and ghrelin stimula-
tion on Sesn2 expression. Western blot showed that Ang II

RSC Adv., 2018, 8, 10107-10114 | 10111
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Fig. 6 MiR-122 negatively regulated Sesn2 expression in H9c2 cells.
MiR-122 mimics, inhibitors and NC were transfected into H9¢c2 cells.
The total RNA and protein were extracted after 24 h transfection. (A)
The mRNA level of Sesn2 was detected by gRT-PCR; (B) a represen-
tation of Western Blot gel showing SESN2 protein expression was
downregulated in mimics group and upregulated in inhibitors group;
(C) an analysis data of Western blotting. *P < 0.05, **P < 0.01 versus NC
group (n = 3).

significantly decreased Sesn2 protein level when compared with
control group while co-treatment with ghrelin increased Sesn2
protein level when compared with Ang II group (Fig. 7(A) and (B)).

Exogenous expression of Sesn2 alleviated Ang II insult and
facilitated ghrelin protection

Overexpression of miR-122 increased Ang II-induced apoptosis
and attenuated the cardioprotective effect of ghrelin. We pre-
dicted that the target gene of miR-122, Sesn2, might play a role in
this effect of miR-122. Therefore, we constructed a Sesn2 over-
expression vector (pEX-Sesn2) and transfected it into H9¢2 cells.
Transfection efficiency was confirmed by qRT-PCR and western
blot (Fig. 8(A)-(C)). The effect of Sesn2 gain-of-function on H9c2
apoptosis was assessed by flow cytometry. Exogenous over-
expression of Sesn2 significantly reduced Ang II-induced cell
apoptosis (10.2 £ 0.4% versus 16.3 £+ 0.3% in the vector control
pEX-4 group), and this decrease was accompanied by an enhanced
protective effect of ghrelin (7.0 £ 0.3% versus 8.7 £+ 0.2% in the
vector control pEX-4 group). However, Sesn2 overexpression only
slightly changed the percentage of apoptotic cells without any
additional treatment (no Ang II or ghrelin) (Fig. 8(D) and (E)).
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showing SESN2 protein expression was suppressed by Ang Il admin-
istration and rescued by ghrelin co-treatment; (B) an analysis data of
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Fig. 8 Overexpression of Sesn2 alleviated Ang Il-induced cell
apoptosis and enhanced the protective role of ghrelin. (A) The gRT-
PCR data of cells transfected with overexpression vector (pEX-4) and
the vector inserted with Sesn2 cDNA (pEX-Sesn2); (B) a representation
of Western Blot gel showing SESN2 protein expression was upregu-
lated by pEX-Sesn2; (C) an analysis data of Western Blot; (D), (E) H9c2
cells transfected with pEX-4 and pEX-sesn2 were incubated with
culture medium (control), Ang I (100 nM) or Ang Il + ghrelin (100 nM).
The percentage of apoptotic cells was detected by flow cytometry.
*P < 0.05, **P < 0.01 versus pEX-4 group (n = 3).

Discussion

There are considerable studies focused on the importance of
gradual cardiomyocyte loss in the development of heart failure.
Myocardial apoptosis is one of the most important modes of

This journal is © The Royal Society of Chemistry 2018
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cardiomyocyte loss*® and has been associated with the activation
of the RAS system. Ang II, a key modulator of the RAS, is known
to regulate apoptosis, hypertrophy, myocardial contraction, and
cardiac remodeling.> Ghrelin, a novel peptide hormone, has
been shown to exert cardioprotective effects including improving
endothelial function, reducing vascular tension, and increasing
cardiac output; however, the most important mode is inhibiting
cardiomyocyte apoptosis. Ghrelin was first discovered as the
endogenous ligand for GHS-R® and the canonical pathway
through which acylated ghrelin exert its cardioprotective effects
is binding to GHSR-1a. The first four residues are minimal
necessary sequence and the n-octanoic acid modification of
serine 3 is required for the activation of GHSR-1a.%” In this study,
we found that acylated ghrelin protected H9c2 cells from Ang II-
induced apoptosis, which was consistent with our previous
studies.****> We further attempted to determine the underlying
mechanism. Previously, Zhang and Shu'* reported that acylated
ghrelin could upregulate miR-21 to ameliorate ischemia/
reperfusion-induced injury, which led us to hypothesize that
ghrelin with the essential n-octanoylated serine 3 residue targets
a miRNA to inhibit Ang II-induced apoptosis.

MiR-122 acts as a biomarker for acute coronary syndrome (ACS)
and acute myocardial infarction (AMI) diagnosis.>*?® A previous
study has shown that miR-122 regulates apoptosis in cutaneous T-
Cell lymphoma through the p53/Akt signaling pathway.** Addi-
tionally, miR-122 has been found to promote cardiac apoptosis in
Pax-8-/- mice and to affect CCK-8 expression in H9c2 cells.”* In our
previous study, we used high-throughput sequencing to develop
a differential miRNA profile in a rat model of post-infarction heart
failure and found that miR-122 expression was highly increased in
the pathological model.* A similar increase was also obtained
upon exposure to Ang II, and reversed upon ghrelin treatment,
which revealed that miR-122 could be regulated by Ang II and
ghrelin and may involve in Ang Il-induced apoptosis and ghrelin
protection. To investigate this, we conducted flow cytometry
analysis and concluded that miR-122 mimics significantly
increased cell apoptosis while miR-122 inhibitors reversed this
fatal effect in Ang II and Ang II + ghrelin group when compared
with miR-122 NC. This indicated that miR-122 plays a vital role in
cardioprotective effect of ghrelin on Ang II-induced cell apoptosis
and inhibition of miR-122 can facilitate ghrelin protection.
Furthermore, we investigated the potential apoptotic signaling
pathways affected by miR-122 using PCR array, a novel and reliable
tool for analyzing the expression of a focused panel of genes and
for studying cell signaling pathways.** We found that miR-122
upregulated the expression of Casp3, Casp8, Fas, Faslg, and Tnf,
which are mainly involved in caspase cascade reaction and death
receptor-mediated pathways such as the Fas and Tnf signaling
pathways, which are critical in cell apoptosis. However, further
studies are needed such as detecting key molecules of these
pathways to confirm which pathway plays a dominant role.

We also predicted Sesn2 which prevents cardiomyocyte
apoptosis as the target gene of miR-122 using TargetScan
human?7.1 (http://www.targetscan.org/vert_71/). Both the mRNA
and protein levels of Sesn2 were dramatically downregulated in
the miR-122 mimics group and upregulated in the inhibitors
group. Moreover, the relative luciferase activity significantly

This journal is © The Royal Society of Chemistry 2018
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decreased in the H9c2 cells cotransfected with pmiR-RB-
REPORT-wt vector (containing Sesn2 3’ UTR) and miR-122
mimics, which clearly demonstrated the target relationship
between miR-122 and Sesn2. Furthermore, pEX-4 and pEX-
Sesn2 were transfected into H9c2 cells, followed by treatment
with Ang II and ghrelin. Significantly lower apoptosis was
observed in both the Ang II group and the Ang II + ghrelin group
compared with that in the pEX-4 group. Combined with the
result that Sesn2 protein level was remarkably downregulated
by Ang II and upregulated by ghrelin, we supposed that Sesn2
inhibition by miR-122 was involved in Ang II-induced apoptosis
and in the cardioprotective effect of ghrelin. We speculate that
a similar reduction of apoptosis was not observed in the control
group, mainly because Sesn2 is a stress-inducible gene. There-
fore, when no external treatment is given to the cells, no
significant change will be observed even when Sesn2 is
overexpressed.

In recent years, it was reported that unacylated ghrelin,
another form of ghrelin, could also regulate miR-221/222
expression to reduce ischemia-induced tissue damage in
a mouse model of peripheral artery disease.*> Whether unacy-
lated ghrelin protects cells from Ang II insult via miR-122/Sesn2
pathway and the indispensability of the n-octanoylated serine 3
residue in this process still need more investigation. In
summary, our study showed that Sesn2 is the direct target of
miR-122 and their expression is under the regulation of Ang II
and ghrelin. Furthermore, we found that miR-122 inhibitors
and Sesn2 overexpression alleviate Ang II-induced H9c2 cell
apoptosis and enhance the protective effect of ghrelin. We also
showed that miR-122 influences several apoptosis pathways
including the death receptor-mediated pathway and caspase
cascade reaction pathway.

Conclusions

Collectively, our data revealed miR-122 and its target gene Sesn2
are significant players in cardiomyocyte apoptosis and can be
therefore be developed as therapeutic targets. Further in vivo
studies such as endogenous inhibition of miR-122 and over-
expression of Sesn2 are needed.

Conflicts of interest

There are no conflicts to declare.

Acknowledgements

This work was supported by the National Natural Science
Foundation of China grant funded by the Chinese Government
(81570360 and 81400298); Project of Science and Technology of
Jilin Province grant funded by the government of Jilin Province
(20170622012]JC); and Program for Development and Reform
Commission of Jilin Province grant funded by the government
of Jilin Province (2016C026). Furthermore, we would like to
thank Editage [http://www.editage.cn] for English language
editing.

RSC Adv., 2018, 8, 10107-10114 | 10113


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c7ra13028g

Open Access Article. Published on 13 March 2018. Downloaded on 7/28/2025 12:30:34 AM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

RSC Advances

References

1 A. Abbate and J. Narula, Heart Fail. Clin., 2012, 8, 79-86.

2 Y. Lee and A. B. Gustafsson, Apoptosis, 2009, 14, 536-548.

3 E. Teringova and P. Tousek, J. Transl. Med., 2017, 15, 87.

4 C. Consoli, L. Gatta, F. Iellamo, F. Molinari, G. M. Rosano
and L. N. Marlier, Int. J. Cardiol., 2013, 167, 2859-2866.

5 D. Zablocki and J. Sadoshima, Antioxidants Redox Signal.,
2013, 19, 1095-1109.

6 M. Kojima, H. Hosoda, Y. Date, M. Nakazato, H. Matsuo and
K. Kangawa, Nature, 1999, 402, 656-660.

7 C. Ledderose, S. Kreth and A. Beiras-Fernandez, Recent Pat.
Endocr. Metab. Immune Drug Discov., 2011, 5, 1-6.

8 S. Gnanapavan, B. Kola, S. A. Bustin, D. G. Morris, P. McGee,
P. Fairclough, S. Bhattacharya, R. Carpenter, A. B. Grossman
and M. Korbonits, J. Clin. Endocrinol. Metab., 2002, 87, 2988.

9 1. Kishimoto, T. Tokudome, H. Hosoda, M. Miyazato and
K. Kangawa, J. Cardiol., 2012, 59, 8-13.

10 M. Jiang, P. F. Gao, H. Q. Li, P. Y. Tian and X. M. Fan, Int. J.
Clin. Exp. Pathol., 2015, 8, 4662-4672.

11 W. Zhang and L. Shu, DNA Cell Biol., 2016, 35, 417-425.

12 V. Ambros, Nature, 2004, 431, 350-355.

13 D. P. Bartel, Cell, 2004, 116, 281-297.

14 R. C. Friedman, K. K. Farh, C. B. Burge and D. P. Bartel,
Genome Res., 2009, 19, 92-105.

15 D. A. Chistiakov, A. N. Orekhov and Y. V. Bobryshev, J. Mol.
Cell. Cardiol., 2016, 94, 107-121.

16 G. Kalozoumi, M. Yacoub and D. Sanoudou, Global
cardiology science & practice, 2014, 2014, 79-102.

17 C. Piubelli, V. Meraviglia, G. Pompilio, Y. D'Alessandra,
G. I. Colombo and A. Rossini, Cells, 2014, 3, 802-823.

18 T. Sun, Y. H. Dong, W. Du, C. Y. Shi, K. Wang, M. A. Tariq,
J. X. Wang and P. F. Li, Int. J. Mol. Sci., 2017, 18, 745.

19 V. K. Topkara and D. L. Mann, Cardiovasc. Drugs Ther., 2011,
25,171-182.

20 J. Beaumont, B. Lopez, N. Hermida, B. Schroen, G. San Jose,
S. Heymans, F. Valencia, J. J. Gomez-Doblas, E. De Teresa,
J. Diez and A. Gonzalez, Clin. Sci., 2014, 126, 497-506.

21 X. Huang, F. Huang, D. Yang, F. Dong, X. Shi, H. Wang,
X. Zhou, S. Wang and S. Dai, J. Cell Mol. Med., 2012, 16,
2637-2646.

22 W. Liang, J. Guo, J. Li, C. Bai and Y. Dong, Biochem. Biophys.
Res. Commun., 2016, 478, 1416-1422.

23 Z. Zhang, H. Li, S. Chen, Y. Li, Z. Cui and J. Ma, Med. Sci.
Monit., 2017, 23, 4284-4290.

24 X. Liu, H. Meng, C. Jiang, S. Yang, F. Cui and P. Yang, PLoS
One, 2016, 11, €0160920.

25 N. Cortez-Dias, M. C. Costa, P. Carrilho-Ferreira, D. Silva,
C. Jorge, C. Calisto, T. Pessoa, S. Robalo Martins, J. C. de

10114 | RSC Adv., 2018, 8, 10107-10114

View Article Online

Paper

Sousa, P. C. da Silva, M. Fiuza, A. N. Diogo, F. J. Pinto and
F. J. Enguita, Circ. J., 2016, 80, 2183-2191.

26 E. E. Creemers, A. J. Tijsen and Y. M. Pinto, Circ. Res., 2012,
110, 483-495.

27 D. Kaudewitz, A. Zampetaki
Atherosclerosis Rep., 2015, 17, 70.

28 X.Li, Y. Yang, L. Wang, S. Qiao, X. Lu, Y. Wu, B. Xu, H. Li and
D. Gu, PLoS One, 2015, 10, e0125430.

29 Y. Devaux, A. Salgado-Somoza, J. Dankiewicz, A. Boileau,
P. Stammet, A. Schritz, L. Zhang, M. Vausort, P. Gilje,
D. Erlinge, C. Hassager, M. P. Wise, M. Kuiper, H. Friberg,
N. Nielsen and T. T.-t. Investigators, Theranostics, 2017, 7,
2555-2564.

30 J. H. Lee, R. Bodmer, E. Bier and M. Karin, Aging, 2010, 2,
369-374.

31 I. Ben-Sahra, B. Dirat, K. Laurent, A. Puissant, P. Auberger,
A. Budanov, J. F. Tanti and F. Bost, Cell Death Differ., 2013,
20, 611-619.

32 A. Morrison, L. Chen, J. Wang, M. Zhang, H. Yang, Y. Ma,
A. Budanov, J. H. Lee, M. Karin and ]. Li, Faseb. J., 2015,
29, 408-417.

33 L. Yi, F. Li, Y. Yong, D. Jianting, Z. Liting, H. Xuansheng,
L. Fei and L. Jiewen, Cell Biol. Toxicol., 2014, 30, 147-156.

34 H. Kanazawa, K. Imoto, M. Okada and H. Yamawaki, PLoS
One, 2017, 12, €0173051.

35 Z. Zhang, L. Zhao, Y. Zhou, X. Lu, Z. Wang, J. Wang and
W. Li, Apoptosis, 2017, 22, 647-661.

36 M. Aaronaes, D. Atar, V. Bonarjee, T. Gundersen,
M. L. Lochen, R. Mo, E. S. Myhre, T. Omland,
P. K. Ronnevik, J. Vegsundvag and A. Westheim, Tidsskr.
Nor. Laegeforen., 2007, 127, 171-173.

37 M. A. Bednarek, S. D. Feighner, S. S. Pong, K. K. McKee,
D. L. Hreniuk, M. V. Silva, V. A. Warren, A. D. Howard,
L. H. Van Der Ploeg and J. V. Heck, J. Med. Chem., 2000,
43, 4370-4376.

38 C. Yang, Z. Liu, K. Liu and P. Yang, PLoS One, 2014, 9,
€85785.

39 C. Yang, Y. Wang, H. Liu, N. Li, Y. Sun, Z. Liu and P. Yang, /.
Cardiovasc. Pharmacol., 2012, 59, 465-471.

40 V. Manfe, E. Biskup, A. Rosbjerg, M. Kamstrup, A. G. Skov,
C. M. Lerche, B. T. Lauenborg, N. Odum and R. Gniadecki,
PLoS One, 2012, 7, €29541.

41 D. R. Boone, M. A. Micci, I. G. Taglialatela, J. L. Hellmich,
H. A. Weisz, M. Bi, D. S. Prough, D. S. DeWitt and
H. L. Hellmich, PLoS One, 2015, 10, e0127287.

42 G. Togliatto, A. Trombetta, P. Dentelli, P. Cotogni, A. Rosso,
M. H. Tschop, R. Granata, E. Ghigo and M. F. Brizzi, J. Am.
Heart Assoc., 2013, 2, e000376.

and M. Mayr, Curr.

This journal is © The Royal Society of Chemistry 2018


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c7ra13028g

	The impact of microRNA-122 and its target gene Sestrin-2 on the protective effect of ghrelin in angiotensin II-induced cardiomyocyte...
	The impact of microRNA-122 and its target gene Sestrin-2 on the protective effect of ghrelin in angiotensin II-induced cardiomyocyte...
	The impact of microRNA-122 and its target gene Sestrin-2 on the protective effect of ghrelin in angiotensin II-induced cardiomyocyte...
	The impact of microRNA-122 and its target gene Sestrin-2 on the protective effect of ghrelin in angiotensin II-induced cardiomyocyte...
	The impact of microRNA-122 and its target gene Sestrin-2 on the protective effect of ghrelin in angiotensin II-induced cardiomyocyte...
	The impact of microRNA-122 and its target gene Sestrin-2 on the protective effect of ghrelin in angiotensin II-induced cardiomyocyte...
	The impact of microRNA-122 and its target gene Sestrin-2 on the protective effect of ghrelin in angiotensin II-induced cardiomyocyte...
	The impact of microRNA-122 and its target gene Sestrin-2 on the protective effect of ghrelin in angiotensin II-induced cardiomyocyte...
	The impact of microRNA-122 and its target gene Sestrin-2 on the protective effect of ghrelin in angiotensin II-induced cardiomyocyte...
	The impact of microRNA-122 and its target gene Sestrin-2 on the protective effect of ghrelin in angiotensin II-induced cardiomyocyte...
	The impact of microRNA-122 and its target gene Sestrin-2 on the protective effect of ghrelin in angiotensin II-induced cardiomyocyte...
	The impact of microRNA-122 and its target gene Sestrin-2 on the protective effect of ghrelin in angiotensin II-induced cardiomyocyte...

	The impact of microRNA-122 and its target gene Sestrin-2 on the protective effect of ghrelin in angiotensin II-induced cardiomyocyte...
	The impact of microRNA-122 and its target gene Sestrin-2 on the protective effect of ghrelin in angiotensin II-induced cardiomyocyte...
	The impact of microRNA-122 and its target gene Sestrin-2 on the protective effect of ghrelin in angiotensin II-induced cardiomyocyte...
	The impact of microRNA-122 and its target gene Sestrin-2 on the protective effect of ghrelin in angiotensin II-induced cardiomyocyte...
	The impact of microRNA-122 and its target gene Sestrin-2 on the protective effect of ghrelin in angiotensin II-induced cardiomyocyte...
	The impact of microRNA-122 and its target gene Sestrin-2 on the protective effect of ghrelin in angiotensin II-induced cardiomyocyte...
	The impact of microRNA-122 and its target gene Sestrin-2 on the protective effect of ghrelin in angiotensin II-induced cardiomyocyte...
	The impact of microRNA-122 and its target gene Sestrin-2 on the protective effect of ghrelin in angiotensin II-induced cardiomyocyte...
	The impact of microRNA-122 and its target gene Sestrin-2 on the protective effect of ghrelin in angiotensin II-induced cardiomyocyte...

	The impact of microRNA-122 and its target gene Sestrin-2 on the protective effect of ghrelin in angiotensin II-induced cardiomyocyte...
	The impact of microRNA-122 and its target gene Sestrin-2 on the protective effect of ghrelin in angiotensin II-induced cardiomyocyte...
	The impact of microRNA-122 and its target gene Sestrin-2 on the protective effect of ghrelin in angiotensin II-induced cardiomyocyte...
	The impact of microRNA-122 and its target gene Sestrin-2 on the protective effect of ghrelin in angiotensin II-induced cardiomyocyte...


