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Abstract

Background/Aims: Long non-coding RNAs (IncRNAs) are theorized to play key roles in the
development of heart diseases. However, the role of IncRNAs in cardiomyocyte apoptosis
is largely unknown. The present study examined the role of IncRNA SNHG1 in the human
cardiomyocytes (HCMs) apoptosis and explored the underlying molecular mechanisms.
Methods: SNHG1, miR-195 and mRNA expression was detected by gRT-PCR; protein level
was determined by western blot; cell viability was detected by MTT assay; cell apoptosis was
evaluated by flow cytometry and caspase-3 activity assay; the interaction between SNHG1
and miR195 was examined by using luciferase reporter assay. Results: Hydrogen peroxide
(H,0,) treatment significantly suppressed cell viability and increased cell apoptotic rate and
caspase-3 activity in HCMs. Overexpression of SNHG1 attenuated the effects of H,O, on
HCMs viability and apoptosis; while SNHG1 exerted the opposite effects. SNHG1 was found to
sponge miR-195 and suppress the expression of miR-195 in HCMs. Overexpression of miR-195
suppressed cell viability and induced apoptosis in HCMs, and miR-195 was found to negatively
regulate the expression of BCL-2 like protein 2 (BCL2L2) via targeting its 3’ untranslated
region. Overexpression of BCL2L2 partially reversed the effects of miR-195 overexpression
on cell viability and cell apoptosis of HCMs. MiR-195 overexpression or BCL2L2 knockdown
attenuated the effects of SNHG1 overexpression on cell viability, cell apoptosis and protein
levels of cleaved caspase-3, cleaved caspase-9 and Bax in H,O,-treated HCMs. Conclusion:
Our results suggest a novel SNHG1/miR-195/BCL2L2 axis in the regulation of cardiomyocyte
apoptosis. Modulation of SNHG1 may represent a novel strategy to treat cardiomyocyte

apoptosis-related heart diseases.
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Introduction

Ischemic heart disease is the leading cause of death worldwide and is the most
common consequence of coronary artery disease [1]. Cardiomyocyte death is an important
factor in the development of heart diseases, such as heart failure, stroke and myocardial
infarction [2]. Although occluded human coronary reperfusion is effective in reducing
overall mortality, studies have shown that the restoration of blood flow through previous
ischemic myocardium can result in additional reperfusion injury, including cell death and
cardiomyocyte dysfunction [3-5]. [schemia/reperfusion-induced cell injury is complex and
involves a variety of signaling pathways. Recent studies have shown that apoptosis plays a
key role in the cardiac damage caused by ischemia/reperfusion [6, 7]. Unfortunately, the
molecular mechanism involved in regulating apoptosis of cardiomyocytes remains unclear.

Recently, the long non-coding RNAs (IncRNAs) are theorized to play important roles
in the process of ischemic heart disease [8]. LncRNAs are a class of non-protein-coding
transcripts longer than 200 nucleotides, and play key roles in various biological processes
such as DNA damage, microRNA (miRNA) silencing, programmed cell death, development,
inflammation, and tumor progression [9, 10]. The role of IncRNAs in the process of ischemic
heart disease has also been revealed in several studies. The cardia apoptosis-related IncRNA
was found to suppress mitochondrial fission and apoptosis by targeting miR-539 and
prohibitin 2 in the cardiomyocytes [11]. The IncRNA, autophagy promoting factor functioned
to regulate autophagic cell death via targeting miR-188-3p and ATG7 [12]. Studies from
Zhang et al.,, suggested that IncRNA, myosin heavy chain associated RNA transcripts (MHRT)
is a protective factor for cardiomyocytes and the plasma concentration of MHRT may serve
as a biomarker for myocardial infarction diagnosis in acute myocardial infarction [13]. The
IncRNA, small nucleolar RNA host gene 1 (SNHG1) is a newly-identified IncRNA and has been
found to modulate cancer progression in various types of cancers via different molecular
mechanisms, and in vitro studies revealed that SNGH1 increased cell viability and inhibited
cell apoptosis in the cancer cells [14-17]. However, whether SNHG1 involves in the cellular
behaviors of cardiomyocytes is unknown.

The miRNAs are small non-coding RNAs that post-transcriptionally regulate gene
expression by targeting its 3’ untranslated region (3'UTR). The role of miRNAs in the
regulation of cardiomyocyte apoptosis has been well documented in various studies, and
these miRNAs include miR-150, miR-19a, miR-200c, miR-1 and so on [18-21].

In this study, we demonstrated the regulatory role of SNHG1 in cardiomyocyte apoptosis,
and we found that SNHG1 functioned as a competing endogenous RNA (ceRNA) to regulate
the expression of miR-195 in the human cardiomyocytes (HCMs). In addition, SNHG1
also positively regulated the expression BCL-2 like protein 2 (BCL2L2), which is a target
of miR-195. Our results suggest a novel SNHG1/miR-195/BCL2L2 axis in the regulation of
cardiomyocyte apoptosis.

Materials and Methods

Cell culture

The HCMs isolated from the ventricles of the adult heart were purchased from PromoCell (Heidelberg,
Germany). Cells were grown in in a monolayer to 80% confluence and then subcultured in the Ready-to-Use
Myocyte Growth Medium (Promocell). HCMs at passages three to seven were used for experiments. The
HEK293 cells were purchased from ATCC (Manassas, USA) and cells were cultured in the DMEM medium
(Thermo Fisher Scientific, Waltham, USA) supplemented with 10% fetal bovine serum (FBS; Gibco, Thermo
Fisher Scientific), and were kept in a humidified incubator with 5% CO, at 37 °C.
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Plasmids, miRNAs, siRNAs, transfection and H,0, treatment

The SNHG1-overexpressing vector (pcDNA3.1-SNHG1), the BCL2L2-overexpressing vector (pcDNA3.1-
BCL2L2) and the empty vector (pcDNA3.1) were obtained from the GenePharma (Shanghai, China). The
miRNAs including miR-195 mimic, miR-195 inhibitor and the negative control (NC) miRNAs (mimic NC
and inhibitor NC) were obtained from RiboBio (Guangzhou, China). The small interfering RNAs (siRNAs)
for BCL2L2 and the scrambled siRNA (siNC), and the SNHG1 siRNA (si-SNHG1) and the scrambled siRNA
for SNGH1 (siNC) were obtained from RiboBio. The cell transfection with plasmids, miRNAs or siRNAs
was performed by using the Lipofectamine 2000 reagent (Invitrogen, Carlsbad, USA) according to the
manufacturer’s protocol. At 48 h after transfection, the cells were used for further experimentation. For
the H,0, treatment, cells were treated with 100 uM H,0, for 6, 12 and 24 h, and after treatments, cells were
processed for further experiment.

Quantitative real-time PCR (qRT-PCR)

Total RNA from HCMs was extracted by using Trizol reagent (Invitrogen) according to the
manufacturer’s protocol. MiR-195 was reversely transcribed by using miScript II RT kit (Qiagen, Valencia,
USA) and quantified by qRT-PCR with the miScript SYBR green PCR Kit (Qiagen). SNHG1 and BCL2L2 mRNA
were reversely transcribed to cDNA by using an iScript cDNA Synthesis Kit (Bio-Rad, Hercules, USA). The
gRT-PCR was performed on an ABI 7500 thermocycler (Applied Biosystems, Foster City, USA). U6 was used
as the internal control for miR-195, and GAPDH was used as the internal control for SNHG1 and BCL2L2. The
relative expression of genes was calculated by using the comparative Ct method.

Cell viability assay

The cell viability was detected by MTT assay. Briefly, cells (5000 cells/well) were seeded in the 96-well
plates. At 80% confluence, cells were received different treatments, and then the cells were incubated with
20 pl of MTT at room temperature for 4 h. After removing the medium, the blue formazan was dissolved
with 200 pl dimethyl sulfoxide (Sigma, St. Louis, USA), and the cell viability was revealed by detecting the
absorbance at 550 nm.

Flow cytometry

Cell apoptosis was detected by flow cytometry by using propidium iodide (PI) and fluorescein
isothiocynate (FITC)-conjugated Annexin V staining. Briefly, treated cells were washed in phosphate
buffered saline and fixed in 70% ethanol. Fixed cells were then washed with phosphate buffered saline and
incubated with PI/FITC-Annexin V in the presence of 50 pg/ml RNase A (Sigma) at room temperature in
the dark. Flow cytometry analysis was performed by using the FACScan flow cytometer (Beckman Coulter,
Fullerton, USA), and cell apoptotic rate was analyzed by Flow]o software (Tree Star, San Carlos, USA).

Caspase-3 activity

The caspase-3 activity was detected by the caspase-3 activity kit. The caspase-3 was detected by
determining its activity using an Apo-ONE Homogeneous Caspase-3/7 Assay Kit from Promega (Madison,
USA) according to the manufacturer’s protocol.

Luciferase reporter assay

The SNHG1 and the 3’ 3'UTR of BCL2L2 were amplified by PCR, and the amplified PCR products were
ligated into the pGL3 reporter vector (Promega) immediately downstream of the stop codon of the luciferase
gene. The mutant SNHG1 and the mutant 3'UTR of BCL2L2 were generated by using the QuickChange II
XL site-directed mutagenesis kit (Stratagene, San Diego, USA). For the measurement of the luciferase
activity, cells were cultured in 24-well plates and were co-transfected with different miRNAs and luciferase
constructs of pGL3-SNHG1-WT, pGL3-SNHG1-MUT, pGL3-BCL2L2 3’'UTR-WT, or pGL3-BCL2L2 3'UTR-MUT.
The Renilla luciferase plasmid was also co-transfected as an internal control. At 48 h after transfection,
cells were lysed and the luciferase activity was detected by using the Dual Luciferase Reporter Assay kit
(Promega) according to the manufacturer’s protocol.
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Western blot

Proteins were extracted from the HCMs by using the RIPA buffer supplemented with a protease
inhibitor cocktail (Sigma). The proteins were separated on 10% SDS-PAGE gel and then transferred to the
PVDF membrane (Millipore, Billerica, USA). The membranes were then blocked with 5% skimmed milk
followed by incubating with the following antibodies including anti-BCL2L2 (1:1500), anti-cleaved caspase-3
(1:1000), anti-cleaved caspase-9 (1:1500), anti-Bax (1:1000) and anti-B-actin (1:2000; Abcam, Cambridge,
USA) at 4°C overnight. After overnight incubation, the membranes were then incubated with secondary
antibodies conjugated with horseradish peroxidase for 1 h at room temperature, and immunodetection
was perfomed by using the ECL kit (Millipore) according to manufacturer’s protocol. -actin was used as an
internal control.

Statistical analysis

All the statistical analysis was performed by using the GraphPad Prism software Version 6.0. All the
data were presented as mean * standard deviation. Differences between groups were compared by Student’s
t-test or one-way ANOVA followed by Bonferroni’s multiple comparison test. P<0.05 was considered
statistically significant.

Results

Hydrogen peroxide (H,0,) treatment suppressed cell viability, induced cell apoptosis and

suppressed SNHG1 expression in HCMs

H,0, is well known for its role of inducing cell death, and we examined the effects of
H,0, on cell viability, cell apoptosis and SNHG1 expression in HCMs. The HCMs were treated
with 100 uM H,0, for 6, 12 and 24 h, respectively, and H,O, treatment time-dependently
suppressed the cell viability (Fig. 1A), increased the cell apoptotic rate (Fig. 1B) and the
caspase-3 activity (Fig. 1C) of HCMs. In addition, qRT-PCR analysis showed that H,0,
treatment time-dependently suppressed the expression levels of SNHG1 in HCMs (Fig. 1D),
suggesting the involvement of SNHG1 in the H,0,-mediated effects in HCMs.

Fig. 1. The effects of H,0,
treatment on cell viability,
cell apoptosis and SNHG1
expression levels in HCMs.
(A) The cell viability of
HCMs upon H,0, treatment.
HCMs were treated with
100 uM H,0, for 6, 12 and
24 h, respectively, and cell
viability was detected by
MTT assay. (B) The cell
apoptosis of HCMs upon
H,0, treatment. HCMs were
treated with 100 uM H,0, for
6, 12 and 24 h, respectively,
and cell apoptosis was
detected by flow cytometry.
(C) The caspase-3 activity
of HCMs upon 100 uM H,0,
treatment for 6, 12 and 24 h,
respectively. (D) The SNHG1 expression levels in cardiomyocytes upon H,O, treatment. HCMs were treated
with 100 uM H,0, for 6, 12 and 24 h, respectively, and the SNHG1 expression levels were detected by qRT-
PCR assay. N = 3; *P<0.05, **P<0.01 and ***P<0.001 versus control group (0 h group).

1032


http://dx.doi.org/10.1159%2F000494514

Cellular Physiology Cell Physiol Biochem 2018;50:1029-1040
DOI:

© 2018 The Author(s). Published by S. Karger AG, Basel

and B|ochem|stry Published online: 24 October 2018 |www.karger.com/cpb

Zhang et al.: SNHG1 and Cardiomyocyte Apoptosis

Fig. 2. The effects of SNHG1
overexpression on cell
viability, cell apoptosis in
H,0,-treated HCMs. (A) The
SNGH1 expression levels
in cardiomyocytes after
transfecting with pcDNA3.1
or pcDNA3.1-SNGH1 were
determined by qRT-PCR
assay. Overexpression of
SNHG1 attenuated the
effects of H,0, on (B) cell
viability, (C) cell apoptosis
and (D) caspase-3 activity
in HCMs. HCMs were
transfected with SNHG1-
overexpressing vector
(SNHG1 group) or empty
vector (pcDNA3.1). At 48
h after transfection, the
HCMs were treated with 100 uM H,0, for 24 h, and the cell viability, cell apoptosis and caspase-3 activity of
cardiomyocytes were detected by MTT assay, flow cytometry and caspase-3 activity assay, respectively. N =
3; significant differences between groups were shown as *P<0.05, **P<0.01 and ***P<0.001.

The effects of SNHG1 on cell viability, cell apoptosis in H202-treated HCMs

To explore the effects of SNHG1 on cell viability and cell apoptosis, the SNHG1-
overexpressing vector was constructed. As shown in Fig. 24, transfecting with SNHG1-
overexpressing vector in HCMs increased the SNHG1 expression level by more than 15 fold
compared with control group. Enhanced expression of SNHG1 attenuated the inhibitory
effects of H,0, on cell viability of HCMs as revealed by MTT assay (Fig. 2B). Flow cytometry
and caspase-3 activity assay further revealed that enhanced expression of SNHG1 attenuated
the H,0,-induced increase in cell apoptotic rate and caspase-3 activity of HCMs (Fig. 2C and
2D). Furthermore, the knockdown effects of SNGH1 on cell viability and cell apoptosisin H,0,-
treated HCMs were also determined. Transfection with si-SNHG1 significantly suppressed
the expression level of SNHG1 in HCMs compared with siNC group (Fig. 3A). MTT assay
showed that knockdown of SNHG1 further suppressed cell viability of H,0,-treated HCMs
(Fig. 3B). In addition, flow cytometry and caspase-3 activity assay demonstrated that SNGH1
knockdown further enhanced the effects of H,0, treatment on cell apoptosis of HCMs (Fig.
3Cand 3D).

MiR-195'is a target of SNHG1

To further explore the molecular mechanism of SNHG1-mediated cell viability and
apoptosis, we researched the potential miRNAs that can bind SNHG1. We employed the
DIANA TOOLS program and found that SNHG1 harbors a miR-195 binding site (Fig. 4A), and
we then constructed the luciferase constructs of SNHG1 (pGL3-SNHG1-WT) and its mutant
form (pGL3-SNHG1-MUT). Transfection with miR-195 mimic significantly suppressed the
luciferase activity of pGL3-SNHG1-WT constructs compared to mimic NC group (Fig. 3B),
and transfection with miR-195 inhibitor increased the luciferase activity of pGL3-SNHG1-
WT constructs compared to inhibitor NC group in HEK293 cells (Fig. 4B). Transfection with
miR-195 mimic or miR-195 inhibitor had no effect on the luciferase activity of pGL3-SNHG1-
MUT constructs in HEK293 cells (Fig. 4C). Transfection with SNHG1-overexpressing vector
in HCMs suppressed the expression of miR-195 in HCMs compared with control group (Fig.
4D).
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Fig. 3. The effects of
SNGH1 knockdown on cell
viability, cell apoptosis in
H,0,-treated HCM,. (A) The
SNGH1 expression levels
in cardiomyocytes after
transfecting with siNC or si-
SNHG1 were determined by
gRT-PCR assay. Knockdown
of SNHG1 enhanced the
effects of (B) cell viability,
(C) cell apoptosis and (D)
caspase-3 activity in HCMs.
HCMs were transfected
with  scrambled siRNA
(siNC) or SNHG1 siRNA
(si-SNGH1). At 48 h after
transfection, HCMs were

treated with 100 pM

H,0, for 24 h, and the

cell viability, cell apoptosis and caspase-3 activity of cardiomyocytes were detected by MTT assay, flow
cytometry and caspase-3 activity assay, respectively. N = 3; Significant differences between groups were
shown as *P<0.05, **P<0.01 and ***P<0.001.

Fig. 4. MiR-195 is a target
of SNHG1. (A) Sequence
complementarity between miR-
195 and SNHG1 (wild type, WT;
mutant, MUT). (B) HEK293 cells
were co-transfected with the
luciferase constructs of pGL3-
SNGH1-WT and mimic NC, miR-
195 mimic, inhibitor NC or miR-
195 inhibitor, and luciferase
activity was analyzed at 48 h
post transfection. (C) HEK293
cells were co-transfected with
the luciferase constructs of
pGL3-SNGH1-MUT and mimic
NC, miR-195 mimic, inhibitor
NC or miR-195 inhibitor, and
luciferase activity was analyzed
at 48 h post transfection. (D)
Overexpression of SNHG1
suppressed the expression
of miR-195 in HCMs. HCMs
were transfected with SNHG1-
overexpressing vector (SNHG1
group) or empty vector
(pcDNA3.1). At 48 h after
transfection, the expression level of miR-195 in HCMs was detected by qRT-PCR. N = 3; significant differences
between groups were shown as **P<0.01 and ***P<0.001.
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Fig. 5. BCL2L2 is
a target of miR-
195. (A) Sequence
complementarity
between miR-195
and BCL2L2 (wild
type, WT; mutant,
MUT). (B) HEK293
cells were co-
transfected with
the luciferase
constructs of
pGL3-BCL2L2
3'UTR-WT and
mimic NC, miR-
195 mimic,
inhibitor NC or
miR-195 inhibitor,
and luciferase
activity was
analyzed at 48 h
post transfection.
© HEK293
cells were co-
transfected with
the luciferase
constructs of
pGL3-BCL2L2
3'’UTR-MUT
and mimic NC,
miR-195 mimic,
inhibitor NC or
miR-195 inhibitor,
and luciferase
activity was
analyzed at 48 h
post transfection.
Overexpression
of miR-195
suppressed  the
(D) mRNA and (E)
protein expression levels of BCL2L2 in HCMs. HCMs were transfected with mimic NC or miR-195 mimic.
At 48 h after transfection, the mRNA and protein levels of BCL2L2 in HCMs were detected by qRT-PCR
and western blot, respectively. Overexpression of SNHGS5 increased the (F) mRNA and (G) protein levels
of BCL2L2 in HCMs. HCMs were transfected with SNGH1-overexpressing vector (SNHG1 group) or empty
vector (pcDNA3.1 group). At 48 h after transfection, the mRNA and protein levels of BCL2L2 in HCMs were
detected by qRT-PCR and western blot, respectively. Overexpression of BCL2L2 increased the (H) mRNA and
(I) protein levels of BCL2L2 in HCMs. HCMs were transfected with BCL2L2-overexpression vector (BCL2L2
group) or empty vector (pcDNA3.1 group). Overexpression of SNHG1 attenuated the effects of miR-195
on (J) cell viability, (K) cell apoptosis and (L) caspase-3 activity in HCMs. HCMs were co-transfected with
mimic NC + pcDNA3.1, miR-195 mimic + pcDNA3.1 or miR-195 mimic + pcDNA3.1-BCL2L2. At 48 h after
transfection, the cell viability, cell apoptosis and caspase-3 activity of HCMs were detected MTT assay, flow
cytometry and caspase-3 activity assay, respectively. N = 3; significant differences between groups were
shown as *P<0.05, **P<0.01 and ***P<0.001.
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BCL2L2 is a target of miR-195

As miRNAs regulate the gene expression via targeting the 3’'UTR, and we performed
further bioinformatics analysis by using the TargetScan tool and found that BCL2L2 was
one of the potential targets of miR-195 (Fig. 5A), and BCL2L2 was selected for further
examination due to its important role in the regulation of apoptosis. We constructed the
luciferase constructs of BCL2L2 3'UTR (pGL3-BCL2L2 3’'UTR-WT) and its mutant form
(pGL3-BCL2L2 3'UTR-MUT). Transfection with miR-195 mimic significantly suppressed
the luciferase activity of pGL3-BCL2L2 3'UTR-WT constructs compared to mimic NC group
(Fig. 5B), and transfection with miR-195 inhibitor increased the luciferase activity of pGL3-
BCL2L2 3’UTR-WT constructs compared to inhibitor NC group in HEK293 cells (Fig. 5B).
Transfection with miR-195 mimic or miR-195 inhibitor had no effect on the luciferase activity
of pGL3-BCL2L2 3'UTR-MUT constructs in HEK293 cells (Fig. 5C). Transfection with miR-
195 mimic also suppressed the mRNA and protein expression levels of BCL2L2 in HCMs (Fig.
5D and 5E). In addition, transfection with SNHG1-overexpressing vector in cardiomyocytes
increased the mRNA and protein expression levels of BCL2L2 in cardiomyocytes (Fig. 5F
and 5G). Transfection with BCL2L2-overexpressing vector in cardiomyocytes increased the
mRNA and protein expression levels of BCL2L2 in cardiomyocytes (Fig. 5H and 5I). The in
vitro functional assays showed that overexpression of miR-195 inhibited the cell viability
and increased cell apoptotic rate and caspase-3 activity of HCMs (Fig. 5]-5L), and enforced
expression of BCL2L2 attenuated miR-195-mediated effects on cell viability, cell apoptotic
rate and caspase-3 activity of HCMs (Fig. 5]-5L).

SNHG1 regulates cell viability and cell apoptosis via targeting miR-195 and BCL2LZ2 in

HCMs

To explore whether SNHG1 regulates cell viability and apoptosis viamiR-195 and BCL2L2
in cardiomyocytes, the cardiomyocytes were co-transfected with SNHG1-overexpressing
vector and miR-195 mimic, and the results showed that miR-195 overexpression attenuated
SNHG1-induced increase in cell viability and decrease in cell apoptotic rate and caspase-3

Fig. 6. SNHG1 affects cell viability and cell apoptosis viaregulatingmiR-195 and BCL2L2 in HCMs. Knockdown
of BCL2L2 decreased the (A) mRNA and (B) protein levels of BCL2L2 in HCMs. HCMs were transfected with
BCL2L2 siRNA (si-BCL2L2 group) or scrambled siRNA (siNC group). MiR-195 overexpression or BCL2L2
knockdown attenuated the effects of SNHG1 overexpression on (C) cell viability, (D) cell apoptosis and
(E) caspase-3 activity in H,0_-treated HCMs. N = 3; significant differences between groups were shown as
*P<0.05 and **P<0.01 and ***P<0.001.
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Fig. 7. SNHG1 affects the pro-apoptotic protein levels via regulating miR-195 and BCL2L2 in HCMs. MiR-195
overexpression or BCL2L2 knockdown attenuated the effects of SNGH1 overexpression on protein levels of
cleaved caspase-3, cleaved caspase-9 and Bax in H,0,-treated HCMs. N = 3; significant differences between
groups were shown as *P<0.05 and **P<0.01.

activity in H,0_-treated HCMs (Fig. 6C-6E). In addition, the HCMs were also co-transfected
with SNHG1-overexpressing vector and BCL2L2 siRNA, and transfection with BCL2L2
siRNA in cardiomyocytes suppressed the mRNA and protein expression levels of BCL2L2
in cardiomyocytes (Fig. 6A and 6B). Similar results showed that BCL2L2 knockdown also
attenuated the effects of SNHG1 overexpression on cell viability, cell apoptotic rate and
caspase-3 activity in H,0,-treated HCMs (Fig. 6C-6E).

SNHG1 regulates the pro-apoptotic protein levels via targeting miR-195 and BCL2LZ2 in

HCMs

To explore the molecular mechanism of SNHG1-mediated cell apoptosis in
cardiomyocytes, we examined the protein levels of cleaved caspase-3, cleaved caspase-9 and
Bax. H,0, treatment increased the protein levels of cleaved caspase-3, cleaved caspase-9 and
Bax in HCMs (Fig. 7), and SNHG1 overexpression attenuated the H,0,-inudced increased in
the protein levels of cleaved caspase-3, cleaved caspase-9 and Bax in the HCMs (Fig. 7). In
addition, miR-195 overexpression or BCL2L2 knockdown attenuated the effects of SNHG1
overexpression on protein levels of cleaved caspase-3, cleaved caspase-9 and Bax in H,0,-
treated HCMs (Fig. 7).

Discussion

Ischemic heart disease is a big threat to the human heath worldwide, and studies
have demonstrated that dysregulation of cardiomyocyte apoptosis contributed to the
development of ischemia heart disease such as heart failure and myocardial infarction [7]. To
understand the molecular mechanisms that regulate cardiomyocyte apoptosis is important
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for prevention and treatment of heart disease. Our results showed that SNHG1 expression
was down-regulated upon H,O, treatment, and overexpression of SNHG1 attenuated the
effects of H,0, treatment on cell viability and cell apoptosis in HCMs. SNHG1 was further
found to function as a ceRNA to negatively regulate the expression of miR-195, which results
in the regulation of BCL2L2 expression in the HCMs. Our study revealed a novel SNHG1/miR-
195/BCL2L2 signaling axis in the regulating of cardiomyocyte apoptosis.

H,0, treatment is a potent inducer for cardiomyocyte apoptosis, which has been well-
documented in many studies [22]. In the present study, we consistently found that H,O,
treatment suppressed cell viability and increased cell apoptosis and caspase-3 activity in the
HCMs, and the effects of H,0, treatment were attenuated by SNHG1 overexpression. In the
cancer studies, overexpression of SNHG1 enhanced cell viability, and inhibited apoptosis via
regulating p53 and p53-targeted genes in the hepatocellular carcinoma cells [23]. SNHG1
was also found to be up-regulated in glioma and overexpression of SNHG1 enhanced cell
proliferation and reduced cell apoptosis in the glioma cells [24]. In addition, SNHG1 can
promote cell proliferation and inhibit apoptosis of lung cancer cells via the Tap63/ZEB1
pathway [25]. Collectively, these results may suggest that SNHG1 exerts enhanced effects on
cell viability and inhibitory effects on cell apoptosis in the HCMs.

As many studies have suggested the ceRNA role of IncRNA, miR-195 was predicted to
involve the interaction with SNHG1 by using the DIANA TOOL. SNHG1 negatively regulated the
expression of miR-195 in the HCMs and overexpression of miR-195 suppressed cell viability
and induced apoptosis in the HCMs. The role of miR-195 in regulation of cardiomyocyte
apoptosis has been revealed in several studies. Zhu et al., showed that miR-195 promoted
palmitate-induced apoptosis in cardiomyocytes via targeting Sirt1 [26]. MiR-195 expression
was found to be up-regulated in ischemia/reperfusion injury, and miR-195 overexpression
was shown to promote apoptosis by targeting Bcl-2 and inducing mitochondrial apoptotic
pathway [27]. In addition, miR-195 was significantly increased upon hypoxia/reoxygenation
injury and enhanced cardiomyocyte apoptosis via targeting c-myc [28]. Taken together, the
effects of SNHG1 on cardiomyocyte apoptosis may be mediated via negatively regulating
miR-195.

MiRNAs regulated the gene expression via targeting its 3’'UTR, and BCL2L2 was predicted
to be one of potential targets of miR-195, which was confirmed by luciferase reporter assay
and in vitro functional assays. BCL2L2 belongs to the BLC-2 family that are important
regulators of apoptosis and plays important roles in the occurrence and development of
tumor [29, 30]. In the cardiomyocytes, Long et al.,, showed that the IncRNA Five Prime to
Xist regulated cardiomyocyte apoptosis via modulating the expression of BCL2L2 which
was targeted by miR-29b-1-5p [31]. In our study, overexpression of miR-195 or BCL2L2
knockdown attenuated the effects of SNHG1 overexpression on cell viability, cell apoptosis
as well as pro-apoptotic protein levels, suggesting that SNHG1 regulated cell viability and
cell apoptosis via targeting miR-195 and BCL2L2 in the HCMs.

Conclusion

Our results suggested that overexpression of SNHG1 may play an anti-apoptotic role
in HCMs apoptosis partly via sponging miR-195 and finally regulating the expression of
BLC2L2. Further in vivo studies may be required to clarify the role of SNHG1 in the regulation
of HCMs apoptosis-related heart diseases.
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