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Abstract: Heart failure (HF) is a syndrome of symptoms
and signs caused by cardiac insufficiency and have become
a serious global health problem. The aim of this study is to
clarify the role and mechanism failure of MIR17HG. We
established the in vitro HF model by using H,O,-treated
AC-16 and HCM cells, and the reactive oxygen species
(ROS) level and natriuretic peptide precursor B (NPPB)
expression were also detected. The RNA expression of
MIR17HG, miR-153-3p, SIRT1, and NPPB were detected by
quantitative reverse transcription PCR while the SIRT1 and
NPPB expression were detected by western blot. The binding
relationship among MIR17HG, miR-153-3p, and SIRT1 were
assessed by dual-luciferase reporter assay and RNA binding
protein immunoprecipitation assay. Then, MIR17HG and
SIRT1 were overexpressed by lentivirus transfection, and
the influence of MIR17HG and SIRT1 on H,0,-induced apop-
tosis mediated by p53 were evaluated. The results show that
MIR17HG and SIRT1 were significantly downregulated, while
miR-153-3p was significantly upregulated in HF model.
Overexpression of MIR17HG reduced miR-153-3p and alle-
viated HF, while knockdown of SIRT1 weakened the effects
of MIR17HG, suggesting that SIRT1 was the direct target of
MIR17HG/miR-153-3p axis. MIR17HG is significantly downre-
gulated in HF model. Our research shows that MIR17HG
protects cardiomyocytes from ROS-induced damage via the
MIR17HG/miR-153-3p/SIRT1 axis, suggesting that MIR17HG
and SIRT1 are potential therapeutic targets in HF.
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1 Introduction

Heart failure (HF) is a multifaceted clinical syndrome
resulting from structural or functional defects in the heart,
often the typical result of a variety of cardiovascular dis-
eases [1]. HF pathologically leads to ventricular filling, dia-
stolic dysfunction, and insufficient drainage of venous
reflux, severely affecting human health. HF is often a result
of conditions such as rheumatic heart disease, coronary
heart disease, and hypertension [2]. HF currently exhibits
high mortality and is associated with considerably poor
prognosis. The increasing incidence rate of HF, largely
due to an aging population, has escalated it to a significant
global health issue [2,3]. Significant effort has been exerted
toward the development of novel drugs against HF. None-
theless, the 5year survival of HF remains lower than that
of human cancers [4]. The clinical diagnosis and treatment
of HF present numerous challenges, necessitating effective
health management.

The specific molecular mechanism behind how gene
expression significantly influences the development of HF
is yet to be fully identified [5]. The importance of pathways
involving IncRNAs, miRNAs, and mRNAs in pathological
conditions has been demonstrated [6,7]. IncRNAs are tran-
scripts with lengths of at least 200 nucleotides. MicroRNAs,
non-coding RNAs, post-transcriptionally modify the expres-
sion of target genes and impact numerous biological pro-
cesses, contributing to the development of various human
diseases through cell programming participation [8-10].

Sirtuins (SIRTs) represent a group of nicotinamide ade-
nine dinucleotide (NAD)-dependent histone deacetylases,
which are greatly preserved, and SIRT1 in particular has
been the most extensively researched within the SIRTs
family members [11]. Owing to their abundance in mamma-
lian hearts, SIRT1 performs diverse functions in mediating
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energetic metabolism in cardiomyocytes, producing reactive
oxygen species (ROS), inducing angiogenesis, and inhibiting
cardiomyocyte autophagy [12,13]. SIRT1 has been proved to
protect the heart in HF by alleviating oxidative stress,
fibrosis, and inflammatory response via the SIRT1/PCG-la
axis [14]. A prior investigation demonstrated a positive feed-
back loop connecting IncRNA MIR17HG and SIRT1 activity
[15]. Despite this, scarcely any study about HF discusses the
biological role of this feedback loop.

Apoptotic or necrotic cardiomyocytes cleared by the
human body are replaced by newly formed scar tissues
because cardiomyocytes are nonrenewable. As a result,
inadequate blood circulation may lead to changes in the
ventricle, ultimately resulting in HF [16]. Therefore, cardi-
omyocyte apoptosis is essential in the progression of HF. Two
significant occurrences following HF are oxidative stress and
the overproduction of ROS. In experimental analyses, H,0,
induction is a recognized method for establishing an in vitro
or in vivo HF model [17,18]. In the present study, an in vitro HF
model was established by H,0, induction in AC-16 and HCM
cells. We aim to clarify the regulatory effects of IncRNA
MIR17HG and SIRT1 on the HF progression.

2 Methods and materials

2.1 Cell culture

The BeNa Culture Collection (BNCC) provided the human
cardiomyocyte cell lines AC-16 and HCM (both from Bnbio in
Beijing, China and listed under catalog numbers BNCC337712
and BNCC337719, respectively). The cells were cryopreserved
at —80°C. The cultivation of these cells occurred in a humid
environment composed of 5% CO, at 37°C, using Dulbecco’s
modified eagle medium (DMEM) mixed with 10% fetal bovine
serum (FBS) and 1% penicillin-streptomycin. Trypsin was used
to digest the cells into a singular cell suspension for transfer, a
process that was continued until 80% confluence was achieved.

2.2 In vitro HF model

The cells experiencing logarithmic growth were broken
down and re-suspended to reach a cell density of 1 x 10%/mL.
A volume of 2mL of the cell suspension was then placed in
each well of a six-well plate. Following a culture period of
24 h, the cells were subjected to 2.5% FBS in DMEM for 12 h in
order to synchronize the cell cycle. After this, the control
group’s cells were grown in a fresh medium, while the experi-
mental group’s cells were grown in a medium that included
200 uM H,0, [19]. After 6h, relative levels of natriuretic
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Table 1: Sequences of primers used in the experiment
Genes Sequences
MIR17HG-F 5-GGCGTCCCGTCGTAGTAAAG-3’
MIR17HG-R 5-CATTGTGTCAGGAGTCAGTGTGTC-3’
miR-153-3p-F 5-ACACTCCAGCTGGGTTGCATAGTCACAAA-3’
miR-153-3p-R 5-CAGTGCGTGTCGTGGAGT-3’
SIRT1-F 5-GTATTTATGCTCGCCTTGCTG-3"
SIRT1-R 5-TGACAGAGAGATGGCTGGAA-3’
NPPB-F 5-AAGGAGGCACTGGGAGAGGGGAAT-3’
NPPB-R 5-CCCCACCAAGCCAACACAGGATGGA-3"
p53-F 5-GAGCGAATCACGAGGGAC-3’
p53-R 5-GCACAAACACGGACAGGA-3’
GAPDH-F 5-AGCCACATCGCTCAGACAC-3'
GAPDH-R 5-GCCCAATACGACCAAATCC-3’
ue-F 5-CTCGCTTCGGCAGCACA-3’
U6-R 5-AACGCTTCACGAATTTGCGT-3"

peptide precursor B (NPPB) and ROS were examined to eval-
uate the success of the established in vitro HF model.

2.3 Quantitative reverse transcription PCR
(RT-qPCR)

The RT-qPCR was used to check the mRNA levels of IncRNA
MIR17HG, miR-153-3p, SIRT1, NPPB, and p53, utilizing GAPDH
and U6 as internal references. The sequence of primers
applied for RT-qPCR is given in Table 1. Using the TRIzol
method, total RNAs were isolated from the cells and were
later reverse transcribed into cDNAs after treating with the
gDNA eraser using the Takara PrimeScriptTMRT reagent Kit.
The RT-qPCR was then carried out for 40 cycles (95°C for 55,
60°C for 30s, and 72°C for 40 s). The annealing process was
eventually carried out for 10 min at 72°C. Each sample was
detected in triplicate.

2.4 Western blot analysis

Through Western blot analysis, the protein levels of SIRT1,
NPPB, p53, and acetylated p53 were assessed. The proce-
dure involved an initial brief lysis of cells to extract cel-
lular proteins. Subsequently, the protein concentration
was measured using the bicinchoninic acid assay tech-
nique. Following denaturation, the protein samples were
differentiated using gel electrophoresis at a rate of 50 pg per
lane, and then applied to the polyvinylidene fluoride mem-
branes. After being induced in TBST that contains 5% skim
milk for 1h, the membranes underwent immunoblotting.
First, primary antibodies (diluted 1:1,000) were used at a tem-
perature of 4°C overnight, followed by secondary antibodies
(also diluted 1:1,000) at room temperature for an hour.
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Enhanced chemiluminescence was then used to reveal the
bands on the membrane, which were recorded for further
analysis. Antibodies were purchased from Abclonal Biotech
(Wuhan, China), the catalog numbers were listed as follows:
SIRT1 (A19667), NPPB (A2179), p53 (A19585), acetylated p53
(A16324), and the secondary antibodies (AS014).

2.5 Determination of ROS level

AC-16 and HCM cells, post specific treatment, were cultured
in a 24-well plate to 80% confluence and then incubated with
10 umol/L. DCFH-DA for half an hour at 37°C. Afterward, the
fluorescence in five arbitrary fields in each well was recorded
through a fluorescence microscope. Mean fluorescence
intensity was computed, and the fluorescence density was
quantified using Image] software. The calculation and nor-
malization of the fluorescence density were carried out uti-
lizing the Corrected Total Cell Fluorescence (CTCF) formula.
The formula is defined as CTCF equals the integrated density
subtracted by the product of the selected cell area and the
average fluorescence from background readings.

2.6 Flow cytometry

Apoptosis in H,0,-treated cells for 6 h was measured using
the apoptosis determination kit. After a digestion and
resuspension process at a cellular density of 5 x 10°/mL, the
cells were stained with Annexin V-FITC in the absence of
light. Flow cytometry (FACScan, BD Biosciences, Heidelberg,
Germany) was used to identify apoptotic cells, which were
successfully stained with Annexin V-FITC. The apoptosis rate
is calculated by (Q2 + Q3).

2.7 Dual-luciferase reporter assay

The target relationship between MIR17HG and miR-153-3p,
as well as that between miR-153-3p and SIRT1, was pre-
dicted using starBase and TargetScan and further assessed
using the dual-luciferase reporter assay. Cobioer in Nanjing,
China synthesized luciferase sequences that included both
wild-type and mutant-type MIR17HG or SIRT13-UTR. They
were synthesized into DNAs following annealing and sub-
jected to the construction of luciferase vectors alongside
the pMiRGLO vector cleaved by restriction endonucleases
Nhel and Sall. After culturing with Escherichia coli, the
corresponding plasmids were extracted, namely, pMiRGLO-
MIR17HG-wt, pMiRGLO-MIR17HG-mut, pMiRGLO-SIRT1-
3-UTR-wt, and pMiRGLO-SIRT1-3-UTR-mut. They were
co-transfected into cardiomyocytes pre-cultured to 80%
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confluence in a 96-well plate either with miR-153-3p
mimic or mimic-NC using Lipofectamine™ 2000. After
48 h, the cells were lysed in 100 pL of cell lysate per well
and centrifuged at 12,000 rpm for 5 min. The supernatant,
in a total volume of 50 uL, was gathered and directly
combined with 100 pL of the Firefly luciferase detection
reagent from Promega, Beijing, China. The mixture was
then subjected to detection, with the results denoted in
relative light units. Each group had three replicates.

2.8 RNA binding protein
immunoprecipitation (RIP) assay

The RIP assay procedure, as detailed by Guo et al. [20],
employed an EZ-Magna RIP Kit from Billerica, MA, USA.
Cells achieved 80% confluence before AGO2-RIP experi-
ments were initiated. The first step involved the use of RIP
lysis buffer, containing proteinase and RNase inhibitors to
lyse the cells. Afterward, the RIP lysates were exposed to RIP
buffer, which incorporated magnetic beads coupled with
either the human anti-Ago2 antibody or a nonspecific mouse
IgG antibody provided by Millipore, Chicago, USA. Following
this, the immunoprecipitate was digested using proteinase K,
then processed through RT-PCR and gel-staining audits to
ascertain MIR17HG enrichment. The RNA concentration was
measured using a NanoDrop spectrophotometer. The cleaned
RNA then went through a RT-qPCR analysis.

2.9 Cell transfection

RiboBio (Guangzhou, China) supplied MiR-153-3p mimic,
mimic-NC, sh-SIRT1, and sh-NC. AC-16 and HCM cells were
implanted in a 24-well plate and cultured to more than 70%
confluence. They were subsequently cultivated in antibiotic-
free DMEM for 4 h. Each well was supplemented with a con-
coction of transfection plasmids and polyethylenimine that
was kept at room temperature for 40 min. After 24 h, it was
substituted with a new medium imbued with 10% FBS and 1%
penicillin-streptomycin. Transfection efficacy was ultimately
assessed under a fluorescence microscope with FAM-labeled
MiRNA as the control.

2.10 Lentiviral transfection

After cleaving the GV287 plasmid by using Age I, the
sequence of MIR17HG was spliced, generating the overex-
pression plasmid of MIR17HG. The lentiviral packaging kit
(GeneChem, Shanghai, China) was used to introduce the
overexpression plasmid into 293T cells. The 293T cells
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were cultivated to more than 80% confluence and then
induced in Opti-MEM for 4h. The Lenti-Easy Packaging
Mix was mixed with the GV287-MIR17HG, or GV287 vector
for 5min at room temperature and subsequently mixed
with Lipofectamine™ 2000 for 20 min. The transfection
complex was used to transfect the 293T cells for a period
of 3 days. Following this, the supernatant underwent col-
lection and filtration in order to determine the viral titer.
The AC-16 and HCM cells were cultivated to more than 80%
confluence and then transfected with the corresponding len-
tivirus. The fluorescence intensity was observed on Days 3—4
to evaluate the efficiency of the lentivirus transfection.

2.11 Statistical processing
Data were expressed as mean value + SD. Each experiment
was conducted three times and analyzed using the one-

tailed test in GraphPad Prism 8 software. A P value of
less than 0.05 was deemed to be statistically significant.

3 Results

3.1 Establishment of the in vitro HF model

After cell culture for 24 h and synchronization of the cell
cycle, human cardiomyocytes AC-16 and HCM were treated
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with 200 uM H,0,, to establish the in vitro HF model. The
untreated control group had good cardiomyocyte growth,
with a large number of cardiomyocytes, full cells, long cell
protrusions, and adjacent cells interweave and grow in
clusters, showing regular pulsation, low apoptosis rate,
and extremely low NPPB expression level, which was the
standard to judge the normal cardiomyocytes. Compared
with those of negative controls, the mRNA levels of MIR17HG
and SIRT1 were downregulated, whereas those of miR-153-3p
and NPPB were upregulated in modeling cells (Figure 1a);
consistent with this finding, the protein level of NPPB
increased, whereas that of SIRT1 decreased following H,0,
treatment (Figure 1b). The ROS level was significantly
increased in myocardial cells with oxidative damage
(Figurelc), indicating the successful establishment of the in
vitro HF model.

3.2 Confirmation of the binding interaction
between IncRNA MIR17HG, miR-153-3p,
and SIRT1

As predicted using starBase 2.0 (http://starbase.sysu.edu.cn/),
a corresponding sequence was discovered within the
MIR17HG and miR-153-3p sequences. Moreover, the com-
plementary sequence located in the miR-153-3p and SIRT1
3-UTR sequences was predicted using TargetScan 7.2
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Figure 1: Establishment of the in vitro HF model. (a) Relative LncRNA MIR17HG, miR-153-3p and SIRT1 mRNA expression of AC-16 and HCM cell lines in
HF model; (b) Relative SIRT1 and NPPB protein expression of AC-16 and HCM cell lines in HF model; (c) ROS level of AC-16 and HCM cell lines in HF
model; (*P < 0.05; **0.001 < P < 0.01; ***P < 0.001); MFI: Mean Fluorescence Intensity.
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(http://www.targetscan.org/vert_72/) (Figure 2a). The dual-
luciferase reporter assay determined that the luciferase
intensity in cells co-transfected with pMiRGLO-MIR17HG-
wt and miR-153-3p mimic was 41% of that of the blank group
(P < 0.05). Moreover, when cells were co-transfected with
PMiRGLO-SIRT1-3-UTR-wt and miR-153-3p mimic, the inten-
sity of the luciferase was 47% of that observed in the blank
group, a statistically significant difference (P < 0.05). The
luciferase intensity in the two control groups was 97 and
102% of those of the corresponding blank groups, respec-
tively (P > 0.05). RIP assay also showed that IncRNA
MIR17HG was associated with miR-153-3p (Figure 2c). The
final inference confirmed the predicted sequence comple-
mentarities: MIR17HG has the ability to bind with miR-153-
3p, which in turn can bind with SIRT1.
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3.3 Ectopically expressed MIR17HG
alleviates HF

Lentiviral transfection effectively upregulated MIR17HG in cardi-
omyocytes (Figure 3a). The relative level of ROS decreased in
H,0treated cardiomyocytes overexpressing MIRI7HG compared
with the HF model groups (Figure 3b), and similar changes were
observed in the apoptotic level (Figure 3c). Overexpression of
MIRI7HG in H,0, — treated cardiomyocytes markedly downregu-
lated miR-153-3p, NPPB, and p53 but upregulated SIRT1 (Figure
3d). Concurrently, there was a decrease in the protein levels of
NPPB and acetylated p53 (acetyl-p53), but an increase in SIRT1 and
p53 levels when compared to the HF model groups, as depicted in
Figure 3e. The combined findings indicate that MIR17HG could
protect cardiomyocytes from HF-induced injuries.
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Figure 2: Confirmation of the binding interaction between IncRNA MIR17HG, miR-153-3p, and SIRT1. (a) Targeting relationship prediction based
StarBase 3.0 and TargetScan 7.2; (b) relative activity of luciferase; (c) RIP assay showed that MIR17HG was associated with miR-153-3p; (*P < 0.05;

**0.001 < P < 0.01; ***P < 0.001).
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3.4 MiR-153-3p reverses the regulatory
effect of MIR17HG on HF

Overexpression of miR-153-3p in AC-16 and HCM cells was
used to clarify the role of miR-153-3p in reversing the reg-
ulatory effect of MIR17HG on HF. The transfection with miR-
153-3p mimic significantly increased the expression level of
miR-153-3p, as shown in Figure 4a. Co-overexpression of miR-
153-3p and MIR17HG and H,0, treatment were subsequently
conducted. Specifically, the overexpression of miR-153-p
enhanced the ROS level (Figure 4b) and apoptotic rate
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(Figure 4c¢) in modeling cardiomyocytes. The combined over-
expression of miR-153-3p and MIR17HG resulted in increased
mRNA levels of NPPB and p53, yet it led to a decrease in
SIRT1 compared to its overexpression with only MIR17HG
(Figure 4d). Similarly, there was an elevation in the protein
levels of NPPB and acetyl-p53, while levels of SIRT1 and p53
were reduced within cells co-overexpressing miR-153-3p and
MIR17HG, as compared to cells singularly expressing MIRI7HG
(Figure 4e). The findings suggest that miR-153-3p could reverse
the influence of MIR17HG on the biological behaviors of car-
diomyocytes. MIR17HG mediated HF by targeting miR-153-3p.
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Figure 3: Ectopically expressed MIR17HG alleviates the progression of HF. (a) The efficiency of MIR17HG transfection; (b) elevating the expression of
MIR17HG markedly lowered ROS levels in the HF model of AC-16 and HCM cells; (c) notably, the apoptosis rate of AC-16 and HCM cells in the HF model
was significantly reduced by MIR17HG overexpression; (d) comparative RNA expression of AC-16 and HCM cells in the HF model; (e) comparison of
protein levels in AC-16 and HCM cells in HF model; (*: vs untreated group; #: vs HF model group. */# P < 0.05; **/## 0.001 < P < 0.01; ***/### P <

0.001); MFI: Mean Fluorescence Intensity.
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3.5 In mediating HF, miR-153-3p effectively  3p were also abolished by SIRT1 (Figure 5b and c). Simulta-
targets SIRT1 neously, overexpressed miR-153-3p markedly upregulated NPPB

and acetyl-p53, which were effectively reversed by overexpressed

The transfection efficacy of SIRT1 overexpressed in AC-16 and SIRT1 (Figure 5d and e). The findings suggest that SIRT1 over-
HCM cells was evaluated using RT-qPCR, as shown in Figure 5a.  €xpression can efficiently suppress HF progression, with miR-153-
After H,0, treatment in cardiomyocytes, the ROS level and apop- 3P capable of counteracting the SIRT1 effect. Thus, in the context

totic rate that were increased by the overexpression of miR-153-  of HF, SIRT1 is the miR-153-3p target.
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3.6 LncRNA MIR17HG alleviates HF via the of the HF model. After SIRT1 knockdown, overexpressed
miR-1 53-3p/SIRT1 axis MIR17HG no longer exerted a pronounced effect on neither

ROS production (Figure 6b) nor apoptotic rate (Figure 6c).

The AC-16 and HCM cells were transfected with sh-SIRT1 or  The results illustrated the substantial reversal of the effects
sh-NC, and the transfection efficacy was proven (Figure 6a). 0f MIRI7HG overexpression due to the knockdown of
The cells transfected with sh-SIRT1 or sh-NC were further ~SIRT1. Conspicuously, there was a notable downregulation
overexpressed by MIR17HG, followed by the establishment 0f miR-153-3p when MIRI7THG was overexpressed.

(a) L E —— ©
4 ds — g 900+ | — =l
SIRT1-HF
B T ] e mimcte e
= Z sz S|RT1+mimic-HF = SIRT1-HF
- 7001 Y] == SIRTi*mimicNC-HF & mimic-HF
5 3 = % s SIRT1+mimic-HF
2 % 6004 § g g SIRT1+mimicNC-HF
- N S
E S s00d N N g
X, < N g\ 2
F S 400+ N ’§ s
> e N N K
2 N N
£ = 300+ N N 8
5 N ?\ 2
x 200+ % g% g
<
100+ % ’%
AL
0 . . 0 ! ZIN
AC-16 HCM AC-16 HCM
untreated ) HF model SIRT1-HF mimic-HF SIRT I+mimic-HF SIRT1+NC-HF
a1 @ |lat @ |[lat ] @ |lat Q2
‘<':ooza 0019 1628 150 |1256 137 229 9.79
1 1
1
’1;04 -;:04 @3 |{a4
=fsu 187 1733 539 |js6:2 284|856
(d)
#itt
oy
”ff’i# === untreated
== HF model
—— SIRT1-HF
3 wzzz  mimic-HF
‘D 25u ss=x  S|RT1+mimic-HF
g - == S|RT1+mimicNC-HF
3 A\
z ¢§
(4 /§
2 A\
g N
A 4 o
N I %
5 N a =N
MIR17HG  miR-153-3p ANP B SIRT1 p53 MIR17HG  miR-153-3p ng’a SIRT1 p53
()
NPPB |-

STRTT | e e iy i v o | g, i Mg soovs, s
PS3 | M N e e e | oo W W e e

B Rk i e R o LT e p———

GAPDH | S S S S S S | s e G G S S

Figure 5: In mediating HF, miR-153-3p effectively targets SIRT1. (a) Transfection efficiency of lentivirus overexpressing SIRT1; (b)-(e) overexpressed
SIRT1 could significantly reverse the effects of MiR-153-3p mimics on AC-16 and HCM cells in HF model on (b) ROS level; (c) apoptosis rate of AC-16 and
HCM cell lines; (d) relative RNA expression; (e) relative protein level; (*: vs HF model group; #: vs SIRT1-HF group. */# P < 0.05; **/## 0.001 < P <0.01;
**%[#### P < 0.001.); MFI: Mean Fluorescence Intensity.



DE GRUYTER

MIR17HG alleviates HF via MIR17HG/miR-153-3p/SIRT1 axis in in vitro model == 9

However, the protein and mRNA levels of p53, acetyl-p53,
and NPPB did not show any significant changes (Figure 6d
and e). The above results suggested that SIRT1 is the final

effector of MIR17HG in the HF model.
results showed that MIR17HG alleviated
153-3p/SIRT1 axis.
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4 Discussion

HF, is a syndrome pertaining to cardiac circulation that is
provoked by both systolic and diastolic heart dysfunctions.
It is often intensified by any structural or functional irre-
gularities of the heart and represents the terminal phase of
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most cardiovascular conditions [1]. A variety of cardiovas-
cular diseases, such as myocardial infarction (MI), hyper-
tension, cardiomyopathy, and valvular heart disease, can
contribute to the occurrence of HF [21]. Immediately after
M, the heart itself is remodeled such that it adjusts to a
pathophysiological process involving the structural and
functional alterations of cardiomyocytes, changes in the
extracellular matrix of the non-infarcted myocardium,
and so on. In the end, pathological heart lesions trigger
notable alterations in the heart’s form and capacity, con-
tinuous expansion of the ventricles, and pump failure,
resulting in HF [22,23]. More precisely, crucial phenomena
like immune activation, inflammatory response, oxidative
stress, shifts in mitochondrial energy, and cell autophagy
are all integral components of the HF process.

When the internal antioxidant defense system of a cell
malfunctions, it can lead to a state called oxidative stress.
This condition is characterized by the excessive buildup of
oxygen-free radicals and related metabolites, which can
harm the human body [24]. Oxidative stress can be under-
stood as an imbalance between the body’s innate ability to
produce ROS and its potential antioxidant capacity [25]. An
overproduction of ROS can result in cellular dysfunction,
lipid and protein peroxidation, and damage to DNA. Con-
sequently, cells are injured or die inevitably, providing the
fundamental basis of cardiovascular diseases. Meanwhile,
excessive accumulation of ROS triggers the activation of
pro-inflammatory factors, with an inflammatory response
as a sign [26]. H,0, induction is commonly applied to estab-
lish an in vivo or in vitro HF model. Furukawa et al. [27]
showed that H,0, accelerates cellular senescence by accu-
mulation of acetyl-p53 via decrease in the function of SIRT1
by NAD+ depletion. Zhang et al. [28] demonstrated that the
inflammatory factor Mzb1 is a vital regulator of cardiomyo-
cytes following MI, which markedly improves mitochondrial
function and blocks inflammation signaling in H,0,-induced
neonatal mice as a potential therapeutic target of ischemic
cardiomyopathy. Wei et al. [18] established an in vitro HF
model by H,0, treatment in HIC2 rat cardiomyocytes. They
proved that IncRNA NEAT1 stimulates the pathological pro-
cess of HF by downregulating miR-129-5p. Consistent with
these findings, the current study successfully established HF
models in AC-16 and HCM cells, which were verified by
detecting relative levels of NPPB and ROS.

LncRNAs comprise the most major type of non-coding
RNAs. They contain no open reading frame and are scarce
and exhibit relatively poor primary sequence conserva-
tion. It is important to note that IncRNAs exhibit character-
istics that are specific to the tissue, cell, and stage, and
these particular features are intimately connected with
pathological processes [29,30]. LncRNAs generally perform
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their biological functions by binding to ribonucleoproteins.
A growing volume of evidence has revealed that the reg-
ulatory effects of IncRNAs rely on the IncRNA-miRNA-
target gene axis. Moreover, some IncRNAs can bind to
DNAs and recruit chromatin-modifying proteins, forming
RNA-DNA-protein complexes and thereby mediating down-
stream genes [31]. While potential mechanisms may differ
among various disease types or cells, the contribution of
IncRNAs to the progression of cardiovascular diseases has
been recognized [32]. Thus, IncRNAs have drawn interest
and have been widely discussed related to cardiovascular
diseases. Wu et al. [33] reported that when MI occurs, p53 is
activated in hypoxia-induced cardiomyocytes, further upre-
gulating MEG3. Zhang et al. [34] detected relative levels of
MHRT in the plasma of HF patients and evaluated its diag-
nostic potential for chronic HF by ROC curve analysis. They
revealed that the overexpression of MHRT reduces H,0,-
induced apoptosis AC-16 cells.

The host gene of several miRNAs, LncRNA MIR17HG, is
linked with cell death and the level of its expression is
related to cell apoptosis. Recently, the focus of various
studies has been the biological role of MIR17HG in cancer.
Wei et al. [35] showed that MIR17HG is downregulated in
non-small-cell lung cancer cases, which inhibits the inva-
sive and migratory capacities of cancer cells by upregu-
lating miR-142-3p via methylation modification and thus
downregulates Bach-1. Nonetheless, the involvement of
MIR17HG in cardiovascular diseases is rarely reported.
A case of a 14-year-old boy experiencing aortic stenosis,
short stature, hearing loss, and minor learning disabilities
was discussed in the report by Grote et al. [36]. The study
employed microarray-based comparative genomic hybridi-
zation to discover a roughly 3.6 Mb interstitial heterozy-
gous deletion at 13¢31.3, including MIR17HG. This finding
hints at a potential link between MIR17HG and cardiovas-
cular diseases. In this study, MIR17HG acts as a molecular
sponge to directly target miR-153-3p, and miR-153-3p
can target downstream factors to regulate cell apoptosis.
Zou et al. [37] showed that miR-153 regulated apoptosis
and autophagy by targeting Mcl-1, that regulated cardio-
myocyte survival during oxidative stress. Our study found
that MIR17HG was downregulated in HF model, while the
rate of myocardial cell apoptosis after overexpression of
MIR17HG induced by hydrogen peroxide was lower than
that of the control group. Further functional experiments
showed that miR-153-3p can upregulate the acetylation of
SIRT1 and p53. It is possible for MIR17HG to competitively
bind with miR-153-3p in order to manage the acetylation
of SIRT1 and p53, hinder apoptosis of cardiomyocytes trig-
gered by ROS, and therefore mitigate the advancement
of HF.
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SIRT1 is a class of histone deacetylases, and its influ-
ence on protein deacetylation is an important posttransla-
tional modification process. SIRT1 is highly expressed in
the heart of mammals, which is responsible for mediating
cardiomyocyte metabolism, ROS production, angiogenesis,
and autophagy. SIRT1 also participates in the process of HF
[38]. Xie et al. established an in vivo HF rat model by Adria-
mycin induction. Their results showed that administering
kallistatin to HF rat models alleviates inflammatory response
and cell apoptosis in the rat myocardium by upregulating
SIRT1, which protects HF-induced myocardium injury [39].
Hariharan et al. [40] and Gottlieb et al. [41] showed that
SIRT1 could activate Rab7 by deacetylating FOXO1. Conse-
quently, the autophagy of starvation-induced cardiomyocytes
is mediated, damaged mitochondria are eliminated, and
apoptosis is blocked, thus rescuing a dying myocardium.
SIRT1 is reported to eliminate mitochondrial ROS by enhan-
cing MnSOD activity via HIF-2a, which relieves symptoms
such as decreased cardiac ejection fraction, myocardial
fibrosis, and myocardial necrosis [42]. The results of our
study showed that knockdown of SIRT1 in cardiomyocytes
attenuated the effects of both MiR-153-3p and MIR7HG on the
HF model. miR-153-3p was demonstrated to bind to SIRT1
3-UTR, and SIRT1 was proved to be the specific target of
miR-153-3p. The aforementioned data indicated that SIRT1
is the direct target of MIR17HG and miR-153-3p, which
were implicated in HF.

5 Conclusion

Through the MIR17HG/miR-153-3p/SIRT1 axis, the IncRNA
MIR17HG safeguards cardiomyocytes from damage induced
by ROS. This implies that MIR17HG could be a promising
therapeutic target for HF.
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