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cardiomyocyte survival after myocardial
ischemia/reperfusion by interacting with FUS
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Abstract

Background Myocardial ischemia/reperfusion (I/R) contributes to serious myocardial injury and even death. There-
fore, prevention and mitigation of myocardial I/R is particularly important. LncRNA HOTAIR has been reported to be

implicated in myocardial I/R progression. However, the detailed molecular mechanism of HOTAIR in cardiomyocyte

was explored in myocardial I/R.

Methods Firstly, cell model of myocardial I/R was established through hypoxia/reoxygenation (H/R). Apoptosis and
cell cycle were evaluated utilizing flow cytometry. The corresponding test kits were conducted to monitor the levels
of LDH, Caspase3 and Caspase9. The gene expression and protein levels were detected by gPCR and western blot,
respectively. RNA pull-down and RIP were performed to verify the interaction between FUS and IncRNA HOTAIR.

Results In AC16 cardiomyocytes treated with H/R, INcRNA HOTAIR and SIRT3 expression were obviously decreased.
Overexpression of HOTAIR or SIRT3 could ameliorate H/R-induced cardiomyocyte injury by promoting cell viability,
lowering LDH levels, and suppressing cell apoptosis. Further, IncRNA HOTAIR upregulated the expression of SIRT3 via
interacting with FUS, thereby promoting the survival of H/R-injured cardiomyocytes.

Conclusion LncRNA HOTAIR can improve myocardial I/R by affecting cardiomyocyte survival through regulation of
SIRT3 by binding to the RNA binding protein FUS.

Highlights

1. Overexpression of HOTAIR or SIRT3 promotes H/R-induced cardiomyocyte survival.

2. LncRNA HOTAIR regulates the expression of SIRT3 by binding to FUS.

3. HOTAIR/FUS/SIRT3 axis facilitates cardiomyocyte survival under H/R treatment.
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long-term ischemic necrosis of myocardial cells, and is
the main cause of morbidity and death worldwide [2].
The effective treatment for MI is reperfusion therapy,
which can promote blood recovery in the ischemic
myocardium. However, this treatment can cause
ischemia/reperfusion (I/R) damage, which can lead to
secondary and complex heart damage [3]. Accordingly,
developing approaches to increase the cardiomyocyte
survival is vital to attenuate myocardial I/R injury.
Long non-coding RNAs (IncRNAs) are a type of
non-coding RNA with more than 200 nucleotides,
which are involved in numerous processes of human
physiology and pathology, such as the regulation of
the cardiovascular system [4, 5]. Studies have shown
that a large number of IncRNAs have a close regula-
tory relationship with the development of myocardial
I/R [6, 7]. For example, study showed that IncRNA
SNHG1 expression was reduced and overexpressing
IncRNA SNHGI improved the injury by cardiac I/R
via mediating HIF-1a/VEGF pathway, indicating that
IncRNA SNHGI play a pivotal role in myocardial I/R
injury [8]. LncRNA Hox transcript antisense intergenic
RNA (HOTAIR), as an eye-catching IncRNA, has been
extensively studied in a variety of diseases, including
cancer, ischemic stroke, epilepsy and myocardial I/R
[9, 10]. It was reported that HOTAIR expression was
downregulated in the serum of acute MI patients and
mouse model [11]. Overexpression of HOTAIR pro-
tected from MI and hypoxia-induced cardiomyocyte
apoptosis, indicating HOTAIR was negatively associ-
ated with disease risk of incident MI [12, 13]. However,
others suggested that HOTAIR aggravated myocar-
dial I/R injury and promoted inflammation after acute
MI [14, 15]. Therefore, the functions and molecular
mechanisms of IncRNA HOTAIR deserve to be fur-
ther explored in MI. In addition, there is evidence that
IncRNAs can regulate downstream targets by interact-
ing with RNA-binding proteins and participate in MI
progression [16]. Through bioinformatics prediction, it
was found that IncRNA HOTAIR has a potential bind-
ing relationship with fused in sarcoma (FUS), and FUS
has been reported to be involved in MlI-related myo-
cardial injury [16]. SIRT3, an NAD-dependent protein
deacetylase, mainly present in mitochondria and plays
a pivotal role in regulating cell apoptosis [17]. SIRT3
was downregulated in post-infarct myocardial injury
and its overexpression can alleviate myocardial fibro-
sis, maintain myocardial function, inhibit inflamma-
tory response, and reduce myocardial cell death [18,
19]. However, whether HOTAIR interacts with FUS to
regulate SIRT3 expression requires further research.
Taken together, we hypothesize that HOTAIR regulates
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SIRT3-mediated cardiomyocyte survival after myocar-
dial I/R by interacting with FUS.

Materials and methods
Cell culture and treatment
Human cardiomyocyte cellline AC16 was obtained from
American Type Culture Collection (ATCC, Manassas,VA,
USA) and cultured in Dulbecco’s modified Eagle’s
medium (DMEM; Sigma-Aldrich,St. Louis, MO, USA)
supplemented with 10% fetal bovine serum, 1% penicil-
lin and1% streptomycin under condition of a humidified
chamber with 5% CO,and at 37 C.
Hypoxia/reoxygenation (H/R) ACl6cardiomyocyte
model was constructed by the following protocols: cells
were cultured under the condition of 37 °C, 5% CO,,10%
H, and 85% N, for 4, 8, 12, 16 and 20 h, followedreoxy-
genation treatment for 3 h with 5% concentration of CO,
and 95%concentration of O,. Cells cultured under nor-
mal condition (5%CO, and 95% air) were used as controls
[20].

Cell transfection
For overexpression of HOTAIR (oe- HOTAIR), SIRT3
(0e-SIRT3) and FUS (oe-FUS), cells were transfected with
pcDNA3.1-HOTAIR/FUS/SIRT3 plasmids (Invitrogen,
Carlsbad, CA, USA). Empty vector (pcDNA3.1, oe-NC)
was used as the negative control. All cell transfections
were performed by using Lipofectamine” 3000 (Invitro-
gen) according to the manufacturer’s instruction. In brief,
cells (1 x 10°) were inoculated into each well in a six-well
plate and cultured until cell confuence reached 60-70%.
Then, target plasmids (4 pg) and 10 pL of Lipofectamine
3000 were diluted with 250 pL of serum-free medium.
Next, the mixture was added to the culture system. After
6 h in culture, the medium was replaced with complete
culture medium.

After a further 48 h, cells were collected to detect the
transfection efciency for subsequent experiments.

Cell viability assay

Cell Counting Kit-8 (CCK-8; Dojindo, Kumamoto, Japan)
assay was employed to test the viability of AC16 cardio-
myocytes. The cells were planted into a 96 plate at a den-
sity of 1000 cells/well. After 24 h incubation, each well
was added 10 uL CCK-8 solution and incubated for 4 h at
37 °C. Then, a microplate reader (Thermo Fisher Scien-
tific, Waltham, MA, USA) was employed to measure the
absorbance at 450 nm after the CCK-8 reaction.

Western blot

The total protein was extracted from AC16 cardiomyo-
cytes using RIPA buffer (Beyotime, Shanghai, China)
and the protein concentration was tested using the
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Bicinchoninic acid (BCA) protein quantification kit (Bey-
otime). Sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) was employed to separate the
proteins (30 pg/sample), and then the proteins in SDS-
PAGE were transferred onto the polyvinylidene difluoride
(PVDF) membrane (Millipore, Billerica, MA, USA). After
blocking with 5% bovine serum albumin (BSA) for 1 h,
membrane was cut according to the molecular weight
of the target proteins and incubated with primary anti-
bodies that were purchased from Abcam (Cambridge,
MA, USA), including Cyclin D1 (1:200, ab16663), p21
(1:2000, ab109520), Bcl-2 (1:2000, ab182858), Bax
(1:5000, ab32503), FUS (1:1000, ab124923), SIRT3
(1:1000, ab217319) and GAPDH (1:2500, ab9485) over-
night at 4 °C. Subsequently, the membrane was incubated
with the HRP-conjugated secondary antibody (1:10,000,
ab6721) for 1 h. Enhanced chemiluminescence (ECL) rea-
gent (Beyotime) were applied to visualize protein bands.
The gray value analysis was evaluated by using Image |
software.

Quantitative real-time PCR (qPCR)

TRIzol reagent (Invitrogen) was performed to extract
RNA from AC16 cardiomyocytes. Prime Script Reverse
Transcription Reagent Kit (TaKaRa, Tokyo, Japan) was
conducted to synthesized cDNA, SYBR Premix Ex Taq
I Kit (TaKaRa) was used in qPCR. Relative RNA expres-
sion was calculated by using 2724t formula. GAPDH
was regarded as reference gene. The primers used in this
study were listed as follows:

HOTAIR forward: 5-GCCTTTCCCTGCTACTTG
TG-3/,

HOTAIR reverse: 5-AGAGCTTCCAAAGGCTAG
GG-3';

SIRT3 forward:
TG-3/,
SIRT3
GA-3/;
Cyclin D1 forward: 5'-AGCTGTGCATCTACACCG
AC-3/,

Cyclin D1 reverse: 5'-GAAATCGTGCGGGGTCAT
TG-3';

5-CGTTGTGAAGCCCGACAT

5'-CACCAAGTCCCGGTTGAT

reverse:

p21  forward: 5-AGGTGGACCTGGAGACTC
TCAG-3,

p21  reverse: 5-TCCTCTTGGAGAAGATCA
GCCG-3;

Bcl-2  forward: 5-GATGACTGAGTACCTGAA
CC-3/,

Bcl-2 reverse: 5'-AGTTCCACAAAGGCATCC-3/;
Bax forward: 5-CTGACGGCAACTTCAACT
GGG-3/,
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Bax reverse: 5'-CAACCACCCTGGTCTTGGATC-
3/

FUS forward:
AGCT-3/,

FUS reverse:
CCTTG3
GAPDH forward: 5-GTCTCCTCTGACTTCAAC
AGCG-3/,
GAPDH reverse:
CCAA-3.

5'-CAGACAGGGAAACTGGCA

5'-GGCGAGTAGCAAATGAGA

5-ACCACCCTGTTGCTGTAG

Flow cytometry analyses

Annexin V-FITC/ propidium iodide (PI) staining kit (Inv-
itrogen) was used to evaluate apoptosis. AC16 cardio-
myocytes were harvested with trypsin digestion solution,
washed twice with phosphate-buffered saline (PBS) and
incubated with Annexin V-FITC (5 pL) and PI solution
(10 pL) for 15 min. Subsequently, the cell apoptosis rate
was quantitatively assessed by FACScan flow cytometer
(Beckman Coulter, USA).

For cell cycle detection, AC16 cardiomyocytes at the
logarithmic phase were collected, centrifuged and resus-
pended at 2 x 10° cells/mL. Then the cells were incubated
in 70% ethanol for 30 min at 4 °C. After staining with a
PI solution containing 0.1 mg/mL RNase A, 50 pg/mL
PI, and 0.2% Triton X-100, cell cycle was determined by
using flow cytometry and analysed using FlowJo software.

The measurement of LDH levels

The levels of LDH in AC16 cardiomyocytes with corre-
sponding disposal were evaluated by the LDH assay kit
((Nanjing Jiancheng, China) according to the manufac-
turer instructions. A microplate reader was employed to
monitor the optical density at 450 nm.

Caspase 3 and caspase 9 activity assays

The activities of caspase3 and caspase9 in AC16 cardio-
myocytes were determined by Caspase3 Activity Assay
Kit (C1116, Beyotime) and Caspase9 Activity Assay Kit
(C1158, Beyotime) as the manufacturer’s instructions.
The reaction mixtures were incubated at 37 °C for 2 h fol-
lowed by detection of the caspase3 and caspase9 activi-
ties at 405 nm in a microtiter plate reader.

RNA immunoprecipitation (RIP) assay

The association of HOTAIR with FUS was detected by
the EZMagna RIP Kit (Millipore). In short, 5 x 10° cells
were treated with RIP lysis buffer for 30 min at 4 °C.
Then, RIP buffer (500 pL) containing magnetic beads (50
uL) conjugated to antibodies (5 pL) against anti-FUS anti-
body (ab234880, Abcam), SNRNP70 (positive control;
ab83306, Abcam) or immunoglobulin (Ig) G (negative



Liu et al. BMC Cardiovascular Disorders (2023) 23:171

control; Abcam) for 24 h at 4 °C. The HOTAIR in immu-
noprecipitation complexes was detected by qPCR.

RNA pull-down assay

HOTAIR was labeled with biotin (50 nM) using the
Biotin RNA Labeling Mix (Roche, Basel, Switzerland),
which were incubated with RNase-free TURBO DNase
I (Invitrogen) and Sephadex G-50 Quick Spin Columns
(Sigma-Aldrich). Then, cells (1.5 x 107) were lysed in IP
buffer (200 pL; 20 mM Tris—HCI, pH 8.0, 200 mM NaCl,
1 mM EDTA, 1 mM EGTA, 0.5% Triton X-100, 0.4 U/
pL RNasin), followed by 30-min incubation with bioti-
nylated HOTAIR. Then, the supernatant cell lysate was
collected by centrifugation, each lysate was added with
an equal amount of streptavidin magnetic beads (Thermo
Fisher Scientific) and incubated for 30 min at room tem-
perature. After magnetic bead separation in a magnetic
stand and sample elution with elution buffer at 37 °C on a
shaker for 30 min, the FUS protein in the HOTAIR-pro-
tein complexes was analyzed by western blot.

mRNA stability assay

As for detection of mRNA stability of SIRT3, treated cells
were administrated with actinomycin D (5 pg/mL) for
0, 3 and 6 h. After that, RNA was extracted and reverse
transcribed into cDNA for qPCR measurement.

Statistical analyses

All data collected from at least three experiments were
presented in the form of mean + standard deviation (SD).
All statistical analyses were calculated using Graph-
Pad Prism (version 8.0). A comparison between the
two groups were statistically detected using Student’s
t-test and more than two groups was evaluated by one-
way ANOVA followed by Tukey’s post hoc test. When
p<0.05, there were significant differences between the
data.

Results

The expression of HOTAIR and SIRT3 were declined

in H/R-induced cardiomyocytes

For understanding the levels of key genes in MI, AC16
cardiomyocytes were subjected to the hypoxia con-
dition for 4, 8, 12, 16 and 20 h at 37°C respectively fol-
lowed by reoxygenation for 3 h. Subsequently, we found
the expression levels of IncRNA HOTAIR and SIRT3
were decreased in a time-dependent manner with maxi-
mum effect at 16 h (Fig. 1A). Therefore, hypoxia for 16 h
and reoxygenation for 3 h was selected for following
experiments. Further, the protein level of SIRT3 in H/R-
induced cardiomyocytes was significantly lower than that
in normal cardiomyocytes (Fig. 1B).
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Overexpression of HOTAIR or SIRT3 promoted H/R-induced
cardiomyocyte survival

Aiming to reveal the effects of HOTAIR and SIRT3 on
cardiomyocyte survival, AC16 cardiomyocytes which
underwent with H/R were transfected with oe-NC, oe-
HOTAIR and oe-SIRTS3. Firstly, the results show success-
ful overexpression of HOTAIR and SIRT3 (Fig. 2A-2B).
Regarding biological functions, viability of AC16 car-
diomyocytes was reduced under induction of H/R,
but overexpression of HOTAIR or SIRT3 reversed this
effect (Fig. 2C). Concurrently, the cell cycle status was
detected by flow cytometry, and the results showed that
overexpression of HOTAIR or SIRT3 significantly inhib-
ited H/R-induced GO/G1 phase arrest and activated the
G2/M cell cycle transition (Fig. 2D). Overexpression of
HOTAIR or SIRT3 significantly upregulated the expres-
sion of Cyclin D1 and downregulated the expression of
p21 in H/R-induced cardiomyocytes (Fig. 2E-2F), over-
expression of HOTAIR or SIRT3 significantly upregu-
lated the expression of Cyclin D1 and downregulated the
expression of p21 in H/R-induced cardiomyocytes. Taken
together, IncRNA HOTAIR and SIRT3 are protective for
I/R injury in MI by promoting cell viability and activating
the G2/M cell cycle transition.

Overexpressing HOTAIR or SIRT3 inhibited H/R-induced cell
apoptosis

Next, the role of IncRNA HOTAIR and SIRT3 in
cell apoptosis were assessed. Flow cytometry results
showed that the apoptosis rate of cardiomyocytes in
H/R model was increased compared with normal car-
diomyocytes, and overexpression of HOTAIR or SIRT3
significantly inhibited H/R-induced cardiomyocyte apop-
tosis (Fig. 3A). In addition, the upregulation of Bax and
descent of Bcl-2 in H/R-induced AC16 cardiomyocytes
were notably attenuated by overexpressing HOTAIR
or SIRT3 (Fig. 3B-C). Meanwhile, overexpression of
HOTAIR or SIRT3 reduced the increased activities of
LDH, caspase3 and caspase9 in H/R-induced cardiomy-
ocyte model (Fig. 3D-F). In total, IncRNA HOTAIR or
SIRT3 reduced H/R-induced cell apoptosis, lowered LDH
levels and also reduced caspase3 and caspase9 activities..

LncRNA HOTAIR regulated the expression of SIRT3

by binding to FUS

Then, we want to test whether and how HOTAIR reg-
ulates SIRT3 expression. Firstly, we observed H/R-
decreased SIRT3 expression and overexpression of
HOTAIR resulted in higher expression of SIRT3
(Fig. 4A-B). Besides, to unveil the relation between
HOTAIR and FUS, RNA pull-down assay verified the
binding of HOTAIR to FUS. (Fig. 4C). Conformably, the
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Fig. 1 LncRNA HOTAIR and SIRT3 expression were downregulated in H/R-induced cardiomyocytes. AC16 cardiomyocytes were cultured under the
condition of hypoxia for 0, 8, 12, 16 and 20 h followed by reoxygenation for 3 h to constructed cell model of MI. A gPCR results showed that INcRNA
HOTAIR and SIRT3 expression were decreased in a time-dependent mannerunder the condition of hypoxia. B Western blot results showed that the
expression level of SIRT3 protein decreased with the increase of hypoxia time. * p<0.05, ** p<0.01, *** p<0.001

results from RIP displayed that HOTAIR was appar-
ently enriched by FUS immunoprecipitation (Fig. 4D).
Additionally, we also noticed that oe-HOTAIR sig-
nificantly up-regulated the expression of SIRT3 and
down-regulated the expression of FUS, and oe-FUS
could reverse the promotion of SIRT3 by oe-HOTAIR
(Fig. 4E). Then, the mRNA decay of SIRT3 was accel-
erated by oe-FUS transfection in the presence of
actinomycin D, however, HOTAIR overexpression
could promote stability of SIRT3 mRNA, which could
reverse by oe-FUS (Fig. 4F). Consistently, oe-HOTAIR
increased SIRT3 mRNA expression, while oe-FUS
decreased SIRT3 mRNA expression and partly reversed
the effects of oe-HOTAIR on SIRT3 mRNA expression
(Fig. 4G). To sum up, IncRNA HOTAIR may regulate
SIRT3-mediated cytoprotection by interacting with
FUS.

LncRNA HOTAIR regulated H/R-induced cardiomyocyte
survival via the FUS/SIRT3 axis

To clarify the effect of FUS/SIRT3 axis on IncRNA
HOTAIR-mediated cell survival in MI, oe-HOTAIR,
oe-FUS, o0e-SIRT3 alone or oe-HOTAIR together with
oe-FUS or oe-HOTAIR together with oe-FUS and oe-
SIRT3 was transfected into AC16 cardiomyocytes fol-
lowing H/R treatment. When IncRNA HOTAIR was
overexpressed in AC16 cardiomyocytes following H/R
treatment, cell viability was significantly increased
compared with the H/R model. oe-FUS can reverse the
promoting effect of IncRNA HOTAIR on the cell via-
bility of H/R cardiomyocyte model, while overexpres-
sion of SIRT3 suppressed the effect of overexpressing
FUS (Fig. 5A). Then, flow cytometry was used to detect
cell cycle, the results indicated that overexpression of
FUS partially reversed the effect of HOTAIR on cell
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Fig. 2 Overexpression of INcCRNA HOTAIR or SIRT3 promoted H/R-induced cardiomyocyte survival. A-B gPCR indicated that oe-HOTAIR and
0e-SIRT3 were transfected successfully. C CCK-8 assay illustrated that viability of AC16 cardiomyocytes was reduced under induction of H/R, but
overexpression of HOTAIR or SIRT3 reversed this effect. D The flow cytometry results showed that overexpression of HOTAIR or SIRT3 significantly
inhibited H/R-induced GO/G1 phase arrest and activated the G2/M cell cycle transition. E The qPCR assay indicated that Overexpression of HOTAIR
or SIRT3 significantly upregulated the expression of Cyclin D1 and downregulated the expression of p21 in H/R-induced cardiomyocytes. F Western
blot asssay results showed the same trend. * p <0.05, ** p<0.01, *** p<0.001

GO/G1 arrest, while overexpression of SIRT3 inhib-
ited the effect of FUS (Fig. 5B). Moreover, we observed
that IncRNA HOTAIR overexpression promoted Cyc-
lin D1 expression and decreased p2l expression in
H/R-induced AC16 cardiomyocytes. Nevertheless,
overexpression of FUS can partially reverse the effect
of overexpression of HOTAIR on Cyclin D1 and p21,

while overexpression of SIRT3 can inhibit the effect
of oe-FUS (Fig. 5C-5D). Additionally, the effects of
HOTAIR on cell viability, Cyclin D1 and p21 expres-
sions were partly reversed by SIRT3 silence (Fig. 7A-
7B). In conclusion, IncRNA HOTAIR promoted cell
survival by regulating SIRT3 via binding to FUS in H/R-
induced AC16 cardiomyocytes.
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Fig. 3 Overexpressing INcRNA HOTAIR or SIRT3 inhibited H/R-induced cell apoptosis. A The flow cytometry results showed the apoptosis rate of
cardiomyocytes in H/R model was increased, and overexpression of HOTAIR or SIRT3 significantly inhibited H/R-induced cardiomyocyte apoptosis. B
The gPCR (C) and western blot assay showed that the upregulation of Bax and descent of Bcl-2 in H/R-induced AC16 cardiomyocytes were notably
attenuated by overexpressing HOTAIR or SIRT3. The level of LDH (D) and (E-F) caspase3 and caspase9 showed overexpression of HOTAIR or SIRT3
reduced the increased activities of LDH, caspase3 and caspase9 in H/R-induced cardiomyocyte model ** p <0.01, *** p <0.001

LncRNA HOTAIR regulated H/R-induced cell apoptosis

via FUS/SIRT3 axis

Cell apoptosis was reduced by overexpressing HOTAIR
in H/R-induced AC16 cardiomyocytes, and overexpres-
sion of FUS could reverse the suppressing effect of oe-
HOTAIR on apoptosis in H/R cardiomyocyte model.
However, combined with transfection of oe-SIRT3,
this phenomenon was partially cancelled out (Fig. 6A).
When IncRNA HOTAIR was over-expressed in AC16
cardiomyocytes following H/R treatment, Bcl-2 expres-
sion was obvious higher while Bax expression was nota-
bly lower than that in AC16 cardiomyocytes following

H/R treatment. oe-FUS could reverse the Bcl-2 and Bax
expression levels in oe-HOTAIR treated H/R cardio-
myocyte model. But this effect of oe-FUS was reversed
by oe-SIRT3 transfection (Fig. 6B-6C). Moreover, the
levels of LDH, caspase3 and caspase9 was dramatically
decreased by oe-HOTAIR in H/R-induced AC16 cardi-
omyocytes, however, combined with oe-FUS transfec-
tion, these phenomena were counteracted. Moreover,
the effect of oe-FUS was reversed by oe-SIRT3 transfec-
tion (Fig. 6D-F). Further, inhibition of SIRT3 could par-
tially reversed the effects of HOTAIR on Bcl-2 and Bax
expressions (Fig. 7C). Collectively, IncRNA HOTAIR
regulated the expression of SIRT3 by interaction with
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FUS, thus inducing myocardial cell apoptosis inhibition
and promotion of cell survival (Fig. 6G).

Discussion

MI may result in myocardial cell apoptosis and necrosis,
as well as cardiac arrest and other serious consequences,
which greatly increases the lethality of this disease [21].
Myocardial I/R in MI are closely related to cardiomyo-
cyte death. Here, we investigated the specific molecular
mechanism of IncRNA HOTAIR in myocardial I/R injury,

that is, IncRNA HOTAIR ameliorated H/R-induced
AC16 cardiomyocyte injury by regulating SIRT3 expres-
sion via interacting with the RNA-binding protein FUS.
Growing evidence points to the importance of IncRNAs
in myocardial I/R [22, 23]. Different IncRNAs have differ-
ent effects on myocardial I/R by involving regulation of
cell viability, apoptosis, inflammatory cytokines. Studies
have shown IncRNA ANRIL against H/R injury in HOC2
cardiomyocytes [20], and IncRNA Malatl regulated
microvascular function after MI in mice via miR-26b-5p/
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Mfnl axis-mediated mitochondrial dynamics [24]. In
the current study, we confirmed the beneficial effects of
IncRNA HOTAIR on H/R-induced AC16 cardiomyocytes
by promoting cell viability, reducing the release of LDH
and inhibiting apoptosis. A previous study reported that
IncRNA HOTAIR protected MI rats by sponging miR-
519d-3p [13]. In addition, the HOTAIR/miR-17-5p axis
is involved in the protection of propofol-mediated myo-
cardial I/R injury [25]. Although the function of IncRNA
HOTAIR in MI has been investigated, the specific mech-
anism remains unclear.

In general, IncRNAs can interact with RNA-binding
proteins and participate in the regulation of target gene
expression [26]. It is well known that RNA-binding pro-
teins are an important class of proteins in cells [27]. They
are widely involved in RNA splicing, transport, sequence
editing, intracellular localization and translation by rec-
ognizing special RNA binding domains and interacting
with RNA. It can regulate the expression of target genes
during multiple post-transcriptional regulatory processes
[28]. A study has shown that circFndc3b interacted with

RNA-binding protein FUS in sarcomas to decrease FUS
level, thereby upregulating vascular endothelial growth
factor (VEGFA) expression and activating VEGFA signal-
ing [29]. FUS could interact with downstream mRNA to
silence its expression [30]. In the present study, IncRNA
HOTAIR bound to FUS and negatively regulated its
expression. HOTAIR upregulated SIRT3, while FUS
inhibited SIRT3 expression. Thus, HOAIR may competi-
tively bind FUS to promote SIRT3 expression and affects
the survival and death of cardiomyocytes. Furthermore,
the regulatory mechanism of HOTAIR or FUS in SIRT3
deserves further exploration in future researches.

SIRT3 played an important role cardiac repair and
remodeling after MI by targeting proteins associated
with oxidative stress, I/R injury, mitochondrial meta-
bolic homeostasis, and cell death [19]. Additionally, stud-
ies have shown that overexpression of SIRT3 can inhibit
p21 and promote the expression of Cyclin D1 to alleviate
cell senescence [31, 32], which were consistent with our
results. p21 and Cyclin D1 are closely related to cell sur-
vival and proliferation. SIRT3 was reported to induce p53
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overexpression of FUS could reverse the suppressing effect of oe-HOTAIR on apoptosis. The gPCR (B) and western blot assay (C) showed that
oe-FUS could reverse the Bcl-2 and Bax expression levels in oe-HOTAIR treated H/R cardiomyocyte model. The levels of LDH (D), caspase3 and
caspase9 (E-F) was dramatically decreased by oe-HOTAIR in H/R-induced AC16 cardiomyocytes, however, combined with oe-FUS transfection,
these phenomena were counteracted. G Schematic diagram of the mechanism of HOTAIR regulating cardiomyocyte survival. *p <0.05, ** p <0.01,

% p 0,001

deacetylation to downregulate p53 expression [33]; p53,
a transcription factor, could bind to the p21 promoter to
increase p21 transcription [34]. Besides, p53 can decrease
Cyclin D1 transcription through downregulation of Bcl-3
and inducing increased association of the p52 NF-kap-
paB subunit with histone deacetylase 1 [35]. These find-
ings indicated that SIRT3 may repress p2l expression
and upregulate Cyclin D1 by modulating p53 acetylation
level. In the present study, it was observed that overex-
pression of SIRT3 alleviated H/R-induced cardiomyocyte

death, thereby counteracting the damaging effects of H/R
on cardiomyocytes. However, the functional mechanisms
of SIRT3 need to be further explored and verified.

In summary, we describe a novel molecular regu-
latory mechanism in myocardial I/R, whereby the
IncRNA HOTAIR binds to FUS to regulate SIRT3
expression to suppress H/R-induced cardiomyocyte
injury, enriching the theory of myocardial I/R and pro-
viding new targets for the treatment of myocardial I/R.
However, there are still some limitations in this study.
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For example, we only provide experimental data at the
cellular level, and neither animal experiments nor clini-
cal samples are included in this study. Further studies at
the in vivo level and downstream signaling pathways in
myocardial I/R are needed to increase the impact of the
research.
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