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MicroRNA-138-5p drives the progression of heart
failure via inhibiting sirtuin 1 signaling
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Abstract. The present study aimed to investigate the regula-
tory effects of microRNA-138-5p (miR-138-5p) and sirtuin 1
(SIRT1) on the progression of heart failure (HF). The binding
association between miR-138-5p and SIRT1 was assessed
by the dual-luciferase reporter assay. By conducting reverse
transcription-quantitative polymerase chain reaction and
Western blotting, relative levels of SIRT1 and p53 regulated by
miR-138-5p were detected. In vitro HF models were generated
by hydrogen peroxide (H,0,) induction in AC-16 and human
cardiomyocyte (HCM) cells, followed by detection of the
regulatory effects of SIRT1 on cell apoptosis and p53 expres-
sion. MiR-138-5p was negatively correlated with the SIRT1
level in cardiomyocytes. By recognizing and specifically
targeting SIRT1 3'-untranslated region (3'-UTR), miR-138-5p
decreased the translational level of SIRT1 and inhibited its
enzyme activity, thereby decreasing the deacetylation level
of p53. Through downregulating SIRT1 and activating p53
signaling, miR-138-5p induced apoptosis in H,0,-induced
AC-16 and HCM cells. By contrast, knockdown of miR-138-5p
in the in vitro HF models significantly protected the cardiomy-
ocytes. SIRT1 contributed toward alleviate HF by inhibiting
cardiomyocyte apoptosis via enhancing the deacetylation level
of p53. MiR-138-5p decreases the enzyme activity of SIRT1 by
specifically targeting its 3'-UTR and activates p53 signaling,
followed by triggering cardiomyocyte apoptosis during the
process of HF. It is considered that miR-138-5p and SIRT1
may be potential diagnostic biomarkers and therapeutic targets
for HF.

Introduction

Being a common outcome of numerous cardiovascular
diseases, heart failure (HF) is characterized by high incidence
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and poor prognosis, and it is a serious health problem world-
wide (1,2). Myocardial infarction is the main cause of HF. A
series of pathological lesions following myocardial infarction,
including cardiomyocyte apoptosis, inflammatory response
and overactivation of the neurohumoral system, result in
ventricular remodeling and thus HF (3). Although progress
has been made in the fundamental research of HF following
myocardial infarction, a large number of myocardial infarc-
tion patients are not diagnosed and treated in a timely manner
owing to atypical symptoms. They eventually deteriorate to HF
or arrhythmia (4). Therefore, improvement of the diagnostic
rate in the early phase and investigation of relevant regulatory
targets are necessary to enhance the therapeutic efficacy and
prognosis in patients with HF or myocardial infarction.

Sirtuin 1 (SIRT1) is a highly conserved NAD-dependent
histone deacetylase, which is abundantly expressed in
mammalian hearts. SIRT1 serves a vital role in regulating
the energy metabolism of cardiac muscle cells, production of
reactive oxygen species (ROS), induction of angiogenesis and
inhibition of autophagy (5,6). It is reported that SIRT1 exerts a
protective effect in HF by alleviating oxidative stress, fibrosis
and inflammation through SIRT1/PCG-la signaling (7).
Previous studies have demonstrated that microRNA-138-5p
(miR-138-5p) is able to downregulate SIRT1, its downstream
target. The inhibitory role of miR-138-5p in tumor progression
and metastasis has been identified (8,9). Recently, experimental
studies have demonstrated that miR-138-5p is involved in the
process of heart diseases (10,11). Wang et al (10) proposed that
overexpression of miR-138-5p leads to aggravation of cardiac
injury through accelerating cardiac hypoxia and reperfusion
via inactivating the SIRT1-PGC-la axis. However, the poten-
tial function of miR-138-5p in the progression of HF remains
largely unclear.

During the progression of HF, cardiomyocyte apoptosis
is of great significance. Due to the non-renewability of
the myocardium, apoptotic or necrotic cardiomyocytes
are recognized by the body and replaced by scar tissue.
Subsequently, insufficient blood supply and ventricular
remodeling ultimately lead to HF (12). A H,0,-induced HF
model was widely used in in vitro or in vivo HF research (13,14).
In the present study, in vitro HF models were generated by
H,0, induction in AC-16 and human cardiomyocyte (HCM)
cells. The role of miR-138-5p in influencing the process of HF
and the involvement of SIRT1 were mainly investigated.
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Materials and methods

Cell culture. Human cardiomyocyte cell lines, including
ACI16 (cat. no. BNCC337712), HCM (cat. no. BNCC337719),
HCFB (cat. no. BNCC339420) and CCC-HEH-2
(cat. no. BNCC100615) were obtained from the BeNa culture
collection and cardiomyocyte HCM-a cells (cat. no. XK-1262)
were purchased from Shanghai Xuanke Biotechnology Co.,
Ltd. Cells were cultured in Dulbecco's modified Eagle's
medium (DMEM; Gibco; Thermo Fisher Scientific, Inc.)
containing 10% fetal bovine serum (FBS; Gibco; Thermo
Fisher Scientific, Inc.), and 1% penicillin and streptomycin in
a humidified atmosphere of 5% CO, at 37°C. Cell passage was
conducted using trypsin until adherent cells were grown to
>80% confluence.

Dual-luciferase reporter assay. Binding sites were predicted
between the seed sequences of miR-138-5p and SIRTI1
using TargetScan 7.2 (http:/www.targetscan.org/vert_72).
Sequences containing the SIRT1 3'-untranslated region
(3'-UTR), mutant SIRT1 3'-UTR and miR-138-5p sequences
were constructed by CoBioer Biosciences Co., Ltd. DNAs
were directly synthesized by annealing, and luciferase vectors
were constructed using pmirGLO (Promega Corporation)
following splicing by the restriction endonucleases Nhel and
Sall. Plasmids were extracted following culturing with E. coli,
and they were respectively named as pmirGLO-SIRT1-3'UTR
and pmirGLO-SIRT1-mut3'UTR. A plasmid overexpressing
miR-138-5p was generated using pcDNA3.1(+), which was
named as pcDNA3.1(+)-miR-138-5p.

AC-16 cells were transfected with plasmids classified
as follows: i) pmirGLO-SIRTI-3'UTR + pcDNA3.1(+);
ii) pmirGLO-SIRT1-3'UTR + pcDNA3.1(+)-miR-138-5p;
iii) pmirGLO-SIRTI-mut3'UTR + pcDNA3.1(+;) and
iv) pmirGLO-SIRT1-mut3'UTR + pcDNA3.1(+)-miR-138-5p.
In brief, AC-16 cells were seeded onto a 96-well plate and
cultured to ~80% confluence. Cell transfection was performed
using Lipofectamine 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) for 6 h, then the medium was replaced with
fresh culture medium. At 48 h post-transfection, 100 ul cell
lysate was added to each well, and the mixture was collected
and centrifuged at room temperature at 13,500 x g for 5 min.
A total of 50 ul supernatant was incubated in 100 pl Firefly
luciferase detection reagent (Promega Corporation). They
were rapidly mixed together and subjected to detection of
relative light units (RLU). Three replicates were set in each
group. Relative firefly luciferase activity was normalized to
Renilla luciferase activity.

Celltransfection. Oligonucleotide sequences of the miR-138-5p
mimic (5'-AGCUGGUGUUGUGAAUCAGGCCG-3") and
miR-138-5p inhibitor (5-CGGCCUGAUUCACAACACCAG
CU-3"), as well as their negative controls (NC; miR-138-5p
mimic-NC, 5-UUCUCCGAACGUGUCACGUTT-3'; and
miR-138-5p inhibitor-NC, 5'-UUCUCCGAACGUGUCACG
UTT-3") were purchased from Guangzhou RiboBio Co., Ltd.
All oligonucleotides were transfected at a final concentration of
50 nM. Cell transfection was performed using Lipofectamine
2000 (Invitrogen; Thermo Fisher Scientific, Inc.). Briefly,
AC-16 and HCM cells were seeded onto a 24-well plate and

cultured for 24 h. Until cell confluence reached >70%, cells
were cultured in serum-free DMEM for 4 h. miR-138-5p
mimic, miR-138-5p inhibitor or NC was respectively mixed
with polyethylenimine at room temperature for 40 min,
followed by application of serum-free Opti-MEM (Gibco;
Thermo Fisher Scientific, Inc.). Cells were incubated in the
transfection mixture at a final concentration of 100 nM at 37°C
in a humidified atmosphere containing 5% CO,for 6 h, and then
the transfection mixture was replaced with DMEM containing
10% FBS, and 1% penicillin and streptomycin. Transfection
efficacy was observed under a fluorescence microscope
(magnification, x100) using FAM-labeled miRNAs as internal
references. Cells were used following 24-48 h of transfection
for subsequent experiments.

Generation of the in vitro HF models. AC-16 and HCM cells
transfected for 24 h in the logarithmic growth phase were
prepared in suspension at 1x10* cells/ml. Cell suspension was
applied to a 6-well plate with 2 ml/well. Following culturing
for 24 h, DMEM containing 2.5% FBS was replaced for 12-h
synchronization treatment. Subsequently, cells were induced
in a medium containing or not containing 200 M hydrogen
peroxide (H,0O,) for 6 h. Successful generation of the in vitro
HF models was defined through detecting the relative level of
natriuretic peptide precursor B (NPPB) (15,16).

Detection of ROS level. AC-16 and HCM cells were collected
and inoculated into a 24-well plate. When the cell density was
~80%, 10 ymol/l 2,7-Dichlorodi-hydrofluorescein diacetate
was added into each well, and the cells were cultured at 37°C
for 30 min. Subsequently, five visual fields were randomly
selected under the fluorescence microscope (magnification,
x100) to analyze the green fluorescence intensity, and the
mean fluorescence intensity (MFI) was used to demonstrate
the ROS level.

Reverse transcription-quantitative polymerase chain
reaction (RT-gPCR). Cellular RNA was isolated by TRIzol®
(Invitrogen; Thermo Fisher Scientific, Inc.). Then, cellular
RNA was processed by gDNA eraser and reverse transcribed
at 37°C for 15 min and 85°C for 5 sec (maintained at 4°C) into
cDNA using a PrimeScript™ RT reagent kit with gDNA Eraser
(Takara Bio, Inc.). gPCR was subsequently performed using a
SYBR Premix Ex Tag™ II (Tli RNase H Plus) kit (Takara Bio,
Inc.). gPCR was conducted at 95°C for 15 min, followed by
40 cycles at 95°C for 5 sec, 60°C for 30 sec and 72°C for 40 sec,
followed by a final extension at 72°C for 10 min. Relative levels
of NPPB, SIRT1, p53 and miR-138-5p were determined using
the internal references of GAPDH and U6. Each experiment
was conducted in triplicate. Primer sequences are listed in
Table I. The data were quantified using the 2224 method (17).

Western blotting. Cardiomyocytes were transfected or induced
with H,O, as described earlier. Subsequently, protein levels of
SIRT1, p53 and acetylated pS3 were determined by western
blotting. In brief, cells were lysed to isolate total proteins using
RIPA lysis buffer (Beyotime Institute of Biotechnology), and
total concentrations were determined using the bicinchoninic
acid method. Protein samples (50 g per lane) were subjected
to 10% SDS-PAGE and transferred onto polyvinylidene
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Table I. Sequences of primers.

Genes Sequences

miR-138-5p

SIRT1 forward
SIRT1 reverse
NPPB forward

5-AGCTGGTGTTGTGAATCAGG-3'
5-GTATTTATGCTCGCCTTGCTG-3'
5-TGACAGAGAGATGGCTGGAA-3'
5-AAGGAGGCACTGGGAGAGGGG
AAT-3'
5'-CCCCACCAAGCCAACACAGGAT
GGA-3'
5'-GAGCGAATCACGAGGGAC-3'
5'-GCACAAACACGGACAGGA-3'

NPPB reverse

p53 forward
p53 reverse

GAPDH forward 5'-AGCCACATCGCTCAGACAC-3'
GAPDH reverse 5'-GCCCAATACGACCAAATCC-3'
U6 forward 5-CTCGCTTCGGCAGCACA-3'

U6 reverse 5-AACGCTTCACGAATTTGCGT-3'

miR, microRNA; NPPB, natriuretic peptide precursor B.

fluoride (PVDF) membranes. Non-specific antigens in the
PVDF membranes were blocked using 5% skimmed milk at
room temperature for 1 h. Following washing in TBS-0.05%
Tween-20, the membranes were incubated with the following
primary antibodies (dilution, 1:1,000; all ABclonal Biotech
Co., Ltd.) at 4°C overnight: Anti-SIRT1 (cat. no. A19667),
anti-p53 (cat. no. A19585), anti-acetyl-p53 (cat. no. A16324)
and anti-GAPDH (cat. no. AC001). Following the primary
antibody incubation, the membranes were incubated with
the secondary antibody (dilution, 1:1,000; cat. no. AS014;
ABclonal Biotech Co., Ltd.) at room temperature for 1 h. Band
exposure was achieved using enhanced chemiluminescence
reagent (Sangon Biotech Co., Ltd.). Protein expression levels
were quantified using Quantity One® 1-D Analysis software
(version 4.6.8; Bio-Rad Laboratories, Inc.).

Flow cytometric analysis of cell apoptosis. Following H,0,
induction for 6 h, cells were subjected to apoptosis detec-
tion using the Annexin V-FITC and propidium iodide (PI)
Apoptosis kit (US Everbright Inc.). To begin with, cells were
prepared in suspension at 5x10° cells/ml. Cell suspension
was incubated with 5 ul Annexin V-FITC and 5 ul PI in the
dark at room temperature for 15 min, and subjected to flow
cytometry (FACSCalibur; BD Biosciences). Apoptotic cells
were analyzed using CellQuest Pro software (version 5.1; BD
Biosciences). Annexin V-FITC-positive cells were considered
to be apoptotic cells.

Determination of the enzymatic activity of SIRT1.SIRT1 Direct
Fluorescent Screening assay kit (Abcam; cat. no. ab156915)
was used to assess the enzyme activity of SIRTI1. Total
protein (30 ug per well in a 96-well plate) was incubated
with the reaction mixture containing buffer, SIRT1 substrate
with fluorophore and quencher, and protease. Absorbances
at 360 nm excitation wavelength and 465 nm emission
wavelength were recorded using the microplate reader (BioTek
Instruments, Inc.).
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Lentivirus transfection. A lentivirus overexpressing SIRT1
(GV287-SIRT1) was constructed by cleavage of GV287
plasmid (Shanghai GeneChem Co., Ltd.) with Agel and thus
splicing SIRT1. A 2nd generation system was used to package
the lentivirus. The lentiviral plasmid, packaging vector and
envelope vector were mixed at a 4:3:2 ratio for a total DNA mass
of 20 pg. In brief, 293T cells were cultured to 80% confluence
and then DMEM was replaced by Opti-MEM. Following cell
culture for 4 h at 37°C, cells were incubated with Lenti-Easy
Packaging mix and GV287-SIRT1 (or GV287 as negative
control) for 5 min at room temperature, then Lipofectamine
for a further 20 min, prior to the addition of 293T fresh culture
medium (cat. no. BNCC352005; BeNa Culture Collection;
Beijing Beina Chunglian Biotechnology Research Institute)
for 6 h at 37°C. Following the incubation, the medium was
replaced with DMEM containing 10% FBS, 1% penicillin and
streptomycin and cultured to day 3. The supernatant of trans-
fected 293T cells was collected at day 3, which was filtered for
detecting viral titers. Lentiviral transfection (at a multiplicity
of infection of 5) in AC-16 and HCM cells was conducted for
12 h at 37°C when cell confluence reached ~80%. Fluorescence
expression was observed 3 days later.

Statistical analysis. Statistical analyses were performed
using GraphPad Prism 8 (GraphPad Software, Inc.). Data are
expressed as the mean + standard deviation. All data conformed
to a normal distribution. Comparisons among multiple groups
were analyzed using one-way analysis of variance followed by
Tukey's or Bonferroni's post hoc test. The correlation analysis
was performed by Pearson's correlation analysis. P<0.05 was
considered to indicate a statistically significant difference. All
experiments were performed in triplicate and repeated three
times.

Results

A negative correlation between SIRTI and miR-138-5p in
cardiomyocytes. Following cell culture in DMEM containing
10% FBS for 48 h, the relative levels of SIRT1 and miR-138-5p
were detected in cardiomyocyte cell lines (AC16,HCM,HCM-a,
HCFB and CCC-HEH-2) by RT-qPCR and Western blotting.
Relative RNA expression is presented in Fig. 1A and B, and
protein expression is presented in Fig. 1C. According to the
Pearson's correlation analysis, a negative correlation was iden-
tified between SIRT1 and miR-138-5p at mRNA levels.

miR-138-5p targets SIRTI. Binding sites were predicted
by TargetScan and the result was shown in Fig. 2A. The
dual-luciferase reporter assay revealed that luciferase inten-
sity in cells co-transfected with pmirGLO-SIRT1-3'UTR
and pcDNA3.1(+)-miR-138-5p was 48% of that in the
control group (P<0.01). Notably, luciferase intensity in
cells co-transfected with pmirGLO-SIRT1-mut3'UTR and
pcDNA3.1(+)-miR-138-5p was up to 99% of that in the control
group, demonstrating no significant difference (P>0.05;
Fig. 2B). This indicated that miR-138-5p may regulate SIRT1
with sequence specificity.

miR-138-5p inhibits the expression level and enzyme activity
of SIRTI. The respective expression level and enzymatic
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activity of SIRT1 in AC-16 and HCM cells transfected with
the miR-138-5p mimic, miR-138-5p inhibitor or negative
control were investigated. It was demonstrated that the mimic
significantly increased the level of miR-138-5p while the inhibitor
decreased the level of miR-138-5p (Fig. 3A); overexpression of
miR-138-5p significantly downregulated the mRNA and protein
expression of SIRT1 in AC-16 and HCM cells (Fig. 3B and C).
Furthermore, the enzymatic activity of SIRT1 was declined in
AC-16 and HCM cells overexpressing miR-138-5p. By contrast,
knockdown of miR-138-5p significantly upregulated SIRT1 and
enhanced its enzyme activity (Fig. 3D). It was demonstrated that
miR-138-5p negatively regulated the relative level of SIRT1 and
its enzyme activity.

miR-138-5p regulates the HF process via SIRTI-regulated p53
signaling. AC-16 and HCM cells were induced with 200 xM
H,O, for 6 h, and upregulated NPPB and ROS was detected,

suggesting successful generation of in vitro HF models
(Fig. 4A and B). Subsequently, AC-16 and HCM cells were
transfected with the miR-138-5p mimic, miR-138-5p inhibitor
or negative control for 48 h, followed by H,O, induction for a
further 6 h. These results demonstrated that H,O, induction in
AC-16 and HCM cells significantly upregulated miR-138-5p.
Overexpression of miR-138-5p markedly downregulated
SIRT1 and enhanced the rate of acetylated p53 in H,O,-induced
cardiomyocytes (Fig. 4C and D). Expression changes in SIRT1
and acetylated p53 exhibited the opposite trends by knockdown
of miR-138-5p. In addition, transfection of the miR-138-5p
mimic in H,0,-induced AC-16 and HCM cells significantly
increased the rate of apoptotic cells, while transfection of the
miR-138-5p inhibitor decreased the apoptosis rate (Fig. 4E). It
was concluded that miR-138-5p inhibited deacetylation of p53
through suppressing the expression level and enzyme activity
of SIRT1, thereby regulating the process of HF.
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Protective effect of SIRTI in HF. In AC-16 and HCM with
lentiviral transfection (GV287-SIRT1 or GV287), the mRNA
levels of SIRT1 were significantly upregulated (Fig. 5A).
These cells were overexpressing SIRT1 when transfected with
miR-138-5p mimic or inhibitor, and were then induced with
H,0, for 6 h to create an in vitro HF model. It was demonstrated
that the rate of acetylated p53 and the apoptosis rate were
significantly decreased in cardiomyocytes overexpressing
SIRTI, indicating improved survival of cells (Fig. 5B-D).
The results demonstrated that overexpression of SIRT1 may
effectively reverse the effect of miR-138-5p mimic or inhibitor,
and decrease the acetylation of p53, thereby protecting
cardiomyocytes and decreasing apoptosis in the H,O,-induced
HF model.

Discussion

HF is the final outcome of numerous cardiovascular diseases.
The incidence and mortality of HF are high, and it endangers
the health of patients with cardiovascular and cerebrovascular
diseases (18). Myocardial infarction is the main cause of
HF (19). It is well known that cardiomyocytes are not renew-
able. Necrotic cardiomyocytes in the myocardial infarction
area are recognized and cleared by the immune system, and
they are replaced by scar tissues (20). As a consequence,
the structure and function of the remaining myocardium are
disrupted, eventually leading to HF (12). The apoptosis of
cardiomyocytes often occurs throughout the process of heart
disease, and improvement of cardiac function largely relies on
the surviving cardiomyocytes (21,22). It has been demonstrated

that oxidative stress is the main cause of hypoxic and isch-
emic heart diseases (23,24). Under pathological conditions,
the balance between the production and clearance of ROS is
disrupted. Excessive production of ROS results in oxidative
stress in tissues. Specifically, the accumulation of ROS and
oxygen radicals occurs during the pathological progression
of myocardial ischemia, reperfusion and cardiac remodeling,
thereby damaging the tissues and causing cell necrosis and
apoptosis (25). Piek et al (15) reported that NPPB may be a
specific biomarker of HF and Shi et al (16) used NPPB as a
biomarker of HF and proved that the sodium-glucose cotrans-
porter 2 inhibitor empagliflozin may be effective for HF. The
present study generated in vitro HF models by H,O, induction
in AC-16 and HCM cells to mimic oxidative stress damage.
The increase in NPPB transcription and MFI of ROS was
considered as success of the generated model (15,16).
MiRNAs are a type of non-coding RNA that are 22 nucleo-
tides in length. They are extensively expressed in eukaryotes
and participate in post-transcriptional regulation by binding
to the 3'-UTR of the target mRNA, thereby degrading them
or inhibiting their translation. miRNAs are vital regulators
involved in the onset and progression of diseases, including
heart diseases. It has been reported that knockdown of miR-21
attenuates proliferation of cardiac fibroblasts and cardiac
interstitial fibrosis by downregulating key proteins in the
ERK-MAPK signaling, thereby improving cardiac hyper-
trophy and reversing cardiac remodeling (26). Deficiency of
miR-208 prevents cardiac hypertrophy, myocardial fibrosis
and cardiac remodeling in overloaded mouse cardiomyo-
cytes (27). Through acting on the expression and secretion of
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T cells and upregulating KLLF13, miR-147b induces the activa-
tion of caspase signaling and, in turn, drives cardiomyocyte
apoptosis (25). The inhibitory effect of miR-1 on cardiomyo-
cyte proliferation is abolished by overexpressed miR-195. As
a result, hypertrophic and disorderly arranged cardiomyocytes
trigger the onset of dilated cardiomyopathy and HF (28). As
a tumor suppressor gene, miR-138-5p is conducive to prevent
tumor progression and metastasis (10,29,30). Its potential
biological function in cardiac diseases has been rarely
reported. A latest study revealed that SIRTI is a potential
candidate of target gene binding of miR-138-5p by TargetScan
analysis (31). MiR-138-5p is upregulated in insulin-resistant
HepG2 cells induced by TNF-a, which affects glucose uptake
and glycogen synthesis via targeting SIRT1. It is speculated
that miR-138-5p is a promising therapeutic target for insulin
resistance in the diabetic population (32). Wang et al (10)

concluded that overexpression of miR-138-5p deteriorates
ischemia-reperfusion injury in the heart by inactivating
SIRT1-PGC-la signaling. The present study confirmed a
negative correlation between miR-138-5p and SIRT1 levels
in cardiomyocyte cell lines. Furthermore, the dual-luciferase
reporter assay confirmed the ability of miR-138-5p to regu-
late post-transcriptional translation and enzymatic activity of
SIRT]1 via binding to its 3'-UTR.

SIRT1 belongs to Class III of the sirtuin family, and
its capacity of protein deacetylation is an important
post-translational modification. The biological functions
of SIRT1 in the process of HF have been previously
identified (33). For instance, SIRT1 can modify mitochondrial
function and increase ATP production by deacetylating
histone and mitochondrial proteins (i.e., UCP-2 and
PGC-1a), thereby improving cardiomyocyte metabolism and
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alleviating the process of HF (7,34). Through deacetylating
FOXOI, SIRT1 is responsible for activating Rab7, and thus,
it exerts its protective effect on starvation-induced moribund
myocardium via blocking apoptosis and clearing damaged
mitochondria (35,36). The sarcoplasmic reticulum absorbs
calcium through the sarcoplasmic reticulum Ca**-ATPase
(SERCAZ2a). Dysfunctional SERCA2a may cause a decrease
in calcium storage of the sarcoplasmic reticulum. The
impaired systolic function of the heart further aggravates
HF. Following treatment with resveratrol (SIRT1 activator) in
mice with type 1 diabetes mellitus, the abnormally expressed
SERCAZ2a is restored, and notably, mouse ventricular function
and ventricular dilation are restored. It has been suggested
that SIRT1 improves HF through regulating calcium ions

in cardiomyocytes (37,38). In addition, SIRT1 contributes
toward clearing mitochondria-generated ROS and relieving
symptoms of decreased ejection fraction, myocardial fibrosis
and necrosis by upregulating Mn-SOD with the involvement
of HIF-2a (39). The results of the present study illustrated
that the upregulated miR-138-5p in the in vitro HF models
significantly downregulated the protein expression of SIRT1
and its enzyme activity. Overexpression of miR-138-5p further
deteriorated the survival of cardiomyocytes by downregulating
SIRTI1. By contrast, knockdown of miR-138-5p yielded
the opposite result and the survival of cardiomyocytes was
significantly improved.

p33 is the first non-histone substrate to be deacetylated
by SIRT1, and thus its pro-apoptotic activity is suppressed.
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Sano et al (40) proposed that inactivation of p53 signaling in
cardiomyocytes enhances the activity of HIF-1 and induces
capillary angiogenesis, which is beneficial in relieving
compensatory cardiac hypertrophy. Chen er al (41) identified
an interaction between HIF-1 and SIRT1. In a study conducted
by Hong et al (42), resveratrol blocked p53 signaling by acti-
vating SIRT1 in HOC2 cells, thereby strengthening cardiac
function in mice with myocardial infarction. These findings
suggest that SIRT1-induced deacetylation of p53 is an impor-
tant way of preventing HF. The results of the present study
demonstrated that in the in vitro HF models, stimulation of
apoptosis of cardiomyocytes may be attributed to the decreased
translational level of SIRT1 and increased acetylation of p53.
Overexpression of miR-138-5p decreased the translational
level and enzyme activity of SIRT1, which further activated
p53 and aggravated cardiomyocyte apoptosis. By contrast,
knockdown of miR-138-5p exerted a protective effect on
damaged cardiomyocytes through enhancing SIRT-induced
deacetylation of p53.

In conclusion, the present study identified the upregulation
of miR-138-5p at the cellular level in vitro, clarified the targeted
association between mir-138-5p and SIRTI, and verified that
mir-138-5p may inhibit the post-transcriptional translation
process of SIRT1 by targeting SIRT1 mRNA, thereby promoting
the process of HF. The present study was based on cellular
in vitro research, and more in-depth in vivo research is required.

miR-138-5p is significantly upregulated in the in vitrro HF
models. Through inhibiting the translational level and enzyme
activity of SIRT1, miR-138-5p induces worsening of HF via
activating p53 signaling. miR-138-5p and SIRT1 may be prom-
ising diagnostic biomarkers and therapeutic targets for HF.
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