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Abstract. Long non‑coding (lnc)RNAs serve a role in a 
number of diseases, including different types of cancer and 
acute myocardial infarction. The aim of the present study was 
to investigate the protective role of lncRNA small nucleolar 
RNA host gene 8 (SNHG8) in hypoxia‑ischemia‑reoxygenation 
(HI/R)‑induced myocardial injury and its potential mecha‑
nism of action. Cell viability, proliferation, creatine kinase 
myocardial band, cell apoptosis and protein expression levels 
were determined by Cell Counting Kit‑8 assay, EdU assay, 
ELISA, flow cytometry and western blotting, respectively. The 
association between SNHG8 and microRNA (miR)‑335 was 
confirmed using a dual‑luciferase reporter gene assay. The 
effects of the miR‑335 inhibitor transfections had on increasing 
apoptosis and decreasing H9C2 cell viability were reversed in 
cells co‑transfected with SNHG8 small interfering (si)RNA. 
Furthermore, it was found that miR‑335 could regulate RAS 
p21 protein activator 1 (RASA1) expression and that transfec‑
tion with SNHG8 siRNA downregulated RASA1 expression. 
Silencing of RASA1 protected against HI/R‑induced H9C2 
cell injury. However, SNHG8 siRNA did not further reduce 
apoptosis, demonstrating that SNHG8 may act through 
RASA1, and RASA1 may mediate the protection of SNHG8 
siRNA in HI/R myocardial injury. Thus, inhibition of lncRNA 
SNHG8 alleviated HI/R‑induced myocardial damage by regu‑
lating miR‑335 and RASA1.

Introduction

Ischemic heart disease is a major disease with the highest 
mortality and morbidity rate (1.655%) in the world, an esti‑
mated 31% of all deaths worldwide are due to cardiovascular 
diseases  (1‑3). At present, the most effective treatment for 
myocardial infarction is primary percutaneous coronary inter‑
vention, but there is no effective way to prevent myocardial 
ischemia‑reperfusion (I/R) injury (4). Furthermore, continuous 
perfusion after ischemia can cause myocardial I/R injury, 
leading to reperfusion arrhythmia, myocardial shock and other 
pathological changes (5). Therefore, alleviating myocardial I/R 
injury is considered particularly important for the prevention 
and treatment of ischemic myocardial injury.

Long non‑coding (lnc)RNAs are >200  nucleotides in 
length and have no significant protein‑coding potential. 
lncRNAs are associated with different cellular biological 
processes, such as cell apoptosis, invasion and proliferation (6). 
Furthermore, it has been found that lncRNAs are involved in 
the pathogenesis of cardiovascular disease (7). Upregulation 
of lncRNA H19 imprinted maternally expressed transcript 
reduced myocardial infarction‑induced myocardial injury 
through the regulation of KDM3A expression (7). Inhibition 
of lncRNA KCNQ1OT1 protected against oxygen glucose 
deprivation/reperfusion (OGD/R)‑induced myocardial cell 
injury via the p38/MAPK/NF‑κB signaling pathway (8). A 
recent study demonstrated that lncRNAs can act as competing 
endogenous (ce)RNAs to specifically bind to microRNAs 
(miRNAs) and reduce the regulatory effect of miRNAs on 
targeted mRNAs (9). For example, lncRNA downregulation of 
lncRNA MALAT1 inhibited OGD/R‑induced myocardial cell 
injury by acting as a miRNA (miR)‑20b sponge and regulating 
autophagy  (10). Inhibition of lncRNA GAS5 can alleviate 
myocardial reperfusion injury by acting as a ceRNA for miR‑335 
and regulating Rho‑associated coiled‑coil containing protein 
kinase 1 expression (11). It has been reported that lncRNA 
SNHG8 acts as a potential biomarker and may participate in 
ischemia in myocardial cells (12). Results from the present 
study further identified the association between SNHG8 and 
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miR‑335 in protection from hypoxia‑ischemia‑reoxygenation 
(HI/R)‑induced myocardial cell injury.

Heart failure, myocardial infarction and I/R injury are 
the main factors in the pathogenesis of heart disease that may 
result in cell death (13). Cardiomyocytes are lost as a result 
of apoptosis and necrosis in heart disease  (14). Inhibition 
of lncRNA HOTAIR could increase the apoptotic rate of 
hypoxia‑induced cardiomyocytes (15). LncRNA Gpr19 could 
protect OGD/R‑induced myocardial cell injury by reducing 
cell apoptosis and activation of the miR‑324‑5p/mitochondrial 
fission regulator 1 axis (16). Bcl‑2 and Bax proteins, members 
of the Bcl‑2 family, and caspase‑3, their downstream target, 
are considered to be the main regulators of cell apoptosis; 
they are expressed in the cytoplasm in the form of zymogens 
and subsequently activate cell apoptosis  (17). Knockdown 
of lncRNA ZFAS1 expression could decrease I/R‑induced 
myocardial cell apoptosis by regulating the changes in Bcl‑2, 
Bax and cleaved caspase‑3 expression (18). Overexpression 
of lncRNA SNHG8 was reported to inhibit chronic cerebral 
ischemia‑induced neuron apoptosis  (19). Therefore, the 
present study hypothesized that SNGH8 may protect against 
HI/R‑induced myocardial injury by regulating apoptosis. 
Furthermore, it has been reported that the RAS signaling 
pathways serve a role in the development of a number of 
diseases, such as cancer and cardiac diseases (20,21). RAS p21 
protein activator 1 (RASA1; also known as p120RasGAP) was 
the first RasGAP protein to be identified; it primarily acts by 
negatively regulating RAS signaling (22,23). RASA1 has been 
shown to serve a role in the cardiac myocyte growth induced 
by hypertrophic stimuli (24).

Therefore, the aim of the present study was to investigate 
the protective effects of lncRNA SNHG8 in HI/R‑induced 
myocardial damage. SNHG8 may serve an important role by 
regulating miR‑335 and RASA1 expression, suggesting that 
SNHG8 could be a novel therapeutic strategy for treatment of 
myocardial I/R injury.

Materials and methods

Cell culture and HI/R conditions. The embryonic rat 
cardiomyocyte‑derived H9C2 cell line was purchased from 
the American Type Culture Collection and grown in Gibco 
Dulbecco's modified Eagle's medium (DMEM; Thermo 
Fisher Scientific, Inc.), which contained Gibco 10%  fetal 
bovine serum (FBS; Thermo Fisher Scientific, Inc.) and 
1% penicillin/streptomycin (MilliporeSigma) in a humidi‑
fied incubator under standard conditions (5% CO2). After a 
24‑h incubation at 37˚C, cells were washed three times with 
phosphate‑buffered saline (PBS) and the growth media was 
replaced with glucose‑ and FBS‑free DMEM. Cells were 
then cultured in a Thermo 3131 hypoxic incubator (<0.1% O2, 
5% CO2 and 95% N2; Thermo Fisher Scientific, Inc.) at 37˚C 
for 24 h (Hypoxia‑ischemic; HI). Following treatment, the 
cells then were reoxygenated in an incubator in a 5% CO2 
atmosphere for 2 h (Hypoxia‑ischemic‑reoxygenate; HI/R). 
H9C2 cells were used to HI/R conditions to induce a myocar‑
dial I/R injury model in vitro.

Transfection. H9C2 cells were seeded into 24‑well plates at a 
density of 1x105 cells/well. The cells were cultured overnight 

before transfection at 37˚C. Next, transfection with SNHG8 
siRNA (100 nM), RASA1 siRNA (100 nM), negative control 
(NC; scrambled sequence) siRNA (Santa Cruz Biotechnology, 
Inc.), RASA1 plasmid, NC (empty plasmid) plasmid (OriGene 
Technologies, Inc.), miR‑335 mimics, NC‑mimics inhibitor 
or NC‑inhibitor (Guangzhou RiboBio Co., Ltd.) into H9C2 
cells was performed using Lipofectamine® 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
protocol. The transfection medium was replaced with complete 
medium 6 h after transfection, and the cells were incubated 
for the indicated times. All treatments were started 24 h after 
transfection. The siRNA sequences are presented in Table I 
and Fig. S1 demonstrates the transfection efficacy as deter‑
mined by reverse transcription‑quantitative PCR (RT‑qPCR).

Cell viability. Cell viability was examined using a Cell 
Counting Kit‑8 (CCK‑8) assay (Dojindo Molecular 
Technologies, Inc.). The H9C2 cells transfected with SNHG8 
siRNA, miR‑335 mimics, inhibitor, RASA1 siRNA or NC 
were seeded into 96‑well plates at a density of 3x103 cells/well 
incubation at 37˚C for 24 h. Then, 10 µl CCK‑8 solution was 
added to the cells (100 µl/well) and incubated at 37˚C for 3 h. 
An MRX II microplate reader (Dynex Technologies, Inc.) was 
used to detect the absorbance at 450 nm.

Western blot analysis. The cells were lysed by the cell lysis 
buffer (Cell Signaling Technology, Inc.) and samples centri‑
fuged at 300 x g for 5 min at 4˚C after the lysis treatment. 
The supernatant was collected and the protein concentrations 
measured with a BCA Protein Assay kit (Sigma‑Aldrich; Merck 
KGaA). The proteins (20 µg/lane) were separated by 10% 
SDS‑PAGE and then transferred to polyvinylidene difluoride 
membranes (EMD Millipore). The membranes were blocked 
with Tris‑buffered saline (TBS) and 0.1% Tween 20 (TBS‑T) 
containing 5% bovine serum albumin (BSA; Sigma‑Aldrich; 
Merck KGaA) at room temperature and then incubated with 
anti‑Bax (cat. no. ab182734), anti‑Bcl‑2 (cat. no. ab194583) 
or anti‑cleaved caspase‑3 (cat. no. ab2302; all from Abcam; 
1:1,000 in TBST containing 5% BSA) primary antibodies 
overnight at 4˚C. The membranes were washed with TBST 
three times and then incubated with the appropriate horse‑
radish peroxidase‑labeled secondary antibody (1:2,000, Cell 
Signaling Technology, Inc.; cat. no. 7076) for 2 h at room 
temperature. Finally, the ECL Plus detection system (EMD 
Millipore) was used to examine the protein bands and the 
expression levels of the target proteins were semi‑quantified 
by detecting the optical density value of each band. GAPDH 
(Cell Signaling Technology, Inc.; cat. no. 5174; 1:1,000) served 
as an internal control.

EdU assay. The H9C2 cells were seeded in 96‑well plates at a 
density of 3x103 cells/well in culture media. The medium was 
replaced with serum‑free medium to synchronize the cells. 
After 24 h, the serum‑free medium was replaced with growth 
media for 48 h. Cell proliferation was assessed using a Click‑iT 
EdU imaging kit (Invitrogen; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's instructions.

RT‑qPCR analysis. TRIzol® reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.) was used to extract total RNA from 
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the H9C2 cells according to the manufacturer's instructions. 
Total RNA was then reverse transcribed to cDNA using a 
PrimeScript RT Reagent kit (Takara Biotechnology, Co., Ltd.; 
cat. no. RR047A). qPCR was then performed using a SYBR 
Green RT‑PCR Kit (Takara Biotechnology, Co., Ltd.). The 
PCR conditions were as follows: 40 cycles of 95˚C for 30 sec, 
60˚C for 34 sec and 72˚C for 30 sec. U6 (Takara Biotechnology, 
Co., Ltd.; cat. no. 638315) and β‑actin served as the internal 
controls. The U6 was used for miRNA, and mRNA and 
lncRNA was normalization by β‑actin. The relative expression 
levels of lncRNA SNHG8, miR‑335 and RASA1 expression 
were assessed using the comparative 2‑ΔΔCq method (25) and 
primer sequences are presented in Table II and Table SI.

Dual‑luciferase reporter assays. The cDNA fragments of 
SNHG8 carrying the wild‑type (WT) or mutated (MuT) binding 
sites of miR‑335 and the 3'‑untranslated region (UTR) of the 
amplified RASA1 fragment containing the predicated target 
sites for miR‑335 were synthesized by Shanghai GenePharma 
Co., Ltd. H9C2 cells (1x105  cells/well) were seeded into 
24‑well plates and co‑transfected with 50 ng recombinant 
luciferase vectors, 10 ng pGL3 vectors and 50 nM miR‑335 
mimics, miR‑335 inhibitor or NC‑mimic, NC‑inhibitor using 
Lipofectamine® 2000 (Thermo Fisher Scientific, Inc.). After 
transfection for 48  h, the cells were lysed and luciferase 
activities were evaluated using the Dual‑Luciferase Reporter 
Assay System (Promega Corporation) and a luminometer 
(Glomax20/20; Promega Corporation).

Lactate dehydrogenase (LDH) release analysis. The expres‑
sion of LDH was determined by Cytotoxicity LDH Assay 
Kit‑WST (Roche Diagnostics). Briefly, 50 µl cell suspension 
(2.5x104 cells) was added to each well of a 96‑well plate after 
transfection with or without SNHG8 siRNA, RASA1 siRNA 
or miR‑335 inhibitor and incubated at 37˚C for 1 h. Lysis 
buffer (10 µl) was added to each well and incubated at 37˚C 
for 30 min. Then, 100 µl working solution was added to each 
well. The plate was protected from light and incubated at room 
temperature for 30 min. Finally, 50 µl stop solution was added 
to each well and the absorbance was measured at 490 nm using 
a microplate reader.

Detection of cell apoptosis. The number of apoptotic cells 
was determined by flow cytometry using the Annexin V‑FITC 
Apoptosis Detection Kit (Dojindo Molecular Technologies, 
Inc.). Different treatment groups of H9C2 cells were treated 
with a trypsin‑EDTA (0.25%) solution and centrifuged 
at 300 x g for 3 min at 4˚C. Annexin V Binding Solution, 
diluted 10‑fold, was added to make a final cell concentration 
of 1x106 cells/ml. The cell suspension (100 µl) was transferred 
to a new tube, 5 µl Annexin V‑FITC conjugate was added and 
then 5 µl PI solution was added to the cell suspension. The 
samples were protected from light and incubated for 15 min at 
room temperature. Finally, 10‑fold diluted Annexin V binding 
solution (400 µl) was added and the percentage of early + late 
apoptotic cells was quantified by flow cytometry with a 
FACSCalibur system equipped with the CellQuest software 
(version 5.1; BD Biosciences).

Bioinformatics analysis. Bioinformatics analysis was 
performed using StarBase v 3.0 (http://starbase.sysu.edu.
cn/index.php) and miRTarBase (http://mirtarbase.cuhk.edu.
cn/php/index.php) to determine the association between 
miRNA and lncRNA (26,27).

Statistical analysis. Data are expressed as the mean ± SD, and 
statistical analysis was performed using GraphPad Prism 8 
software (GraphPad Software, Inc.). Statistical comparisons 
were conducted using unpaired Student's t‑test or one‑way 
analysis of variance with Tukey's post hoc test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Protective effect of SNHG8 on HI/R myocardial injury. To 
determine the protective effect of lncRNA on HI/R myocar‑
dial injury, the expression levels of lncRNA were detected 
in the control group and HI/R myocardial cells. The results 
revealed that lncRNA SNHG8 was the most markedly upregu‑
lated lncRNA (Fig. 1A). It was also found that treatment with 
SNHG8 siRNA significantly increased HI/R‑induced cell 
viability and proliferation, as analyzed by the CCK‑8 assay 
and EdU analysis. LDH analysis demonstrated that treatment 

Table I. siRNAs, miRNA, miRNA inhibitors and NC sequences 
used for transfections.

Gene	 Sequence (5'→3')

NC siRNA	CA TAGCGGTGTAGTAAAGCATAATA
SNHG8 siRNA	A TTACGATGGATGATGGAAACATA
RASA1 siRNA	 TAGGATATTACAGTCACGT
NC‑mimic	UUCUCC GAACGUGUCACGUTT
miR‑335 mimics	UCAA GAGCAA UAACGAAAAAUGU
NC inhibitor	 GTGTAACACGTCTATACGCCCA
miR‑335 inhibitor	ACAUUUUUC GUUAUUGCUCUUGA

miR, microRNA NC, negative control; RASA1, RAS p21 protein 
activator 1; si, small interfering RNA; SNHG8, small nucleolar RNA 
host gene 8.

Table II. Primer sequences used for reverse transcription‑quan‑
titative PCR.

Gene	 Primer sequence (5'→3')

SNHG8	 F: GACACAAGGTGGCTATGGTGCTG
	R : CATGGTGGTCGTCGCGCTAAC
miR‑335	 F: GCGGTCAAGAGCAATAACGAA
	R : GTGCAGGGTCCGAGGTATTC
RASA1	 F: CTGGAGATTATTCCCTGTATTTTCG
	R : TGTTCTTTCCGATAGTGGTCTATGA
β‑actin	 F: CCTCTATGCCAACACAGTGC
	R : CATCGTACTCCTGCTTGCTG

F, forward; miR, microRNA; R, reverse; RASA1, RAS p21 protein 
activator 1; SNHG8, small nucleolar RNA host gene 8.
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with SNHG8 siRNA reduced HI/R‑induced cell damage 
(Fig. 1B‑D). Subsequently, apoptotic rates and the change 
of apoptotic‑related protein expressions following SNHG8 
siRNA treatment in the HI/R myocardial cells was examined. 
As presented in Fig.  1E  and  F, HI/R‑induction increased 
apoptosis and the protein expression levels of Bax and cleaved 
caspase‑3 and reduced the expression of Bcl‑2 protein, whereas 
HI/R treated cells transfected with SNHG8 siRNA exhibited 
decreased cell apoptosis and Bcl‑2 and cleaved caspase‑3 

expression and increased the expression of Bcl‑2 protein. 
These data indicated that inhibition of SNHG8 may protect 
against HI/R‑induced myocardial cell injury.

SNHG8 regulates miR‑335 expression. It has previously been 
reported that lncRNA mediates HI/R injury through the 
regulation of miRNAs, such as lncRNA MALAT1 which can 
regulate miRNA‑20b after HI/R injury (9,28). Bioinformatics 
analysis was performed to screen potential miRNAs that 

Figure 1. Protective effect of SNHG8 on HI/R myocardial injury. (A) Reverse transcription‑quantitative PCR was used to determine the expression levels of 
various lncRNAs before or after HI/R injury in H9C2 myocardial cells. *P<0.05, **P<0.01. (B) Cell Counting Kit‑8 assay was used to examine cell viability 
under different conditions. ***P<0.001 vs. Control. (C) Cell proliferation was determined by EdU analysis. **P<0.01, ***P<0.001 vs. Control. (D) LDH assay 
was used to detect LDH release. **P<0.01, ***P<0.001 vs. Control. *P<0.05. (E) Flow cytometric analysis of cell apoptosis in different groups. **P<0.01, 
***P<0.001 vs. Control. (F) The expression levels of Bax, Bcl‑2 and cleaved caspase‑3 were determined by western blotting. *P<0.05 vs. Control. #P<0.05 vs. 
HI/R. FOXD3‑AS1, forkhead box D3 antisense RNA1; HI/R, hypoxia‑ischemia‑reoxygenation; LDH, lactate dehydrogenase; siRNA, small interfering RNA; 
SNHG8, small nucleolar RNA host gene 8; TUG1, taurine upregulated 1.
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Figure 2. SNHG8 regulates miR‑335 expression. (A) StarBase was used to predict miR‑335 as a potential target of SNHG8B. (B) Relative luciferase activities 
of WT and Mut SNHG8 reporter plasmid in H9C2 cells after co‑transfection with miR‑335 mimics. **P<0.01 vs. NC mimic. (C) Schematic diagram of the 
relationship between SNHG8 and miR‑335. (D) Reverse transcription‑quantitative PCR was used to determine the expression level of miR‑335 after treatment 
with SNHG8 siRNA. **P<0.01. miR, microRNA; Mut, mutant; NC, negative control; siRNA, small interfering RNA; SNHG8, small nucleolar RNA host gene 
8; UTR, untranslated region; WT, wild‑type.

Figure 3. SNHG8 serves a protective role in HI/R myocardial injury by regulating miR‑335. (A) The Cell Counting Kit‑8 assay was used to examine cell 
viability in the different conditions. ***P<0.001 vs. HI/R. (B) Cell proliferation was determined by EdU analysis **P<0.01. (C) LDH assay was used to detect 
LDH release **P<0.01. (D) Flow cytometric analysis was used to determine cell apoptosis in the different groups *P<0.05. (E) The expression levels of Bax, 
Bcl‑2 and cleaved caspase‑3 were determined by western blotting. *P<0.05 vs. HI/R+ miR‑335 inhibitor + NC siRNA. HI/R, hypoxia‑ischemia‑reoxygenation; 
LDH, lactate dehydrogenase; miR, microRNA; NC, negative control; siRNA, small interfering RNA; SNHG8, small nucleolar RNA host gene 8.
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have complementary base pairing with SNHG8. We firstly 
determined the expression of miRNA after under HI/R 
condition, showing that miR‑335 was (Fig. S2A). StarBase 
analysis identified miR‑335 as a potential target of SNHG8 
(Fig. 2A). Consistent with our predication, the dual‑luciferase 
reporter assay verified that miR‑335 mimics could decrease 
the luciferase activity of pGL3‑SNHG8‑wild‑type (WT), 
whereas no significant difference on pGL3‑SNHG8‑mutant 
(Mut) was observed (Fig.  2B). The schematic diagram of 
the relationship between SNHG8 and miR‑335 was shown 
in Fig.  2C. Furthermore, silencing of SNHG8 resulted in 
upregulation of miR‑335 expression (Fig. 2D).

SNHG8 serves a protective role in HI/R myocardial injury by 
regulating miR‑335. To further determine the role of miR‑335 
on HI/R myocardial injury, H9C2 cells were co‑transfected 
with a miR‑335 inhibitor and SNHG8 siRNA. As shown in 
Fig. 3A, treatment with the miR‑335 inhibitor reduced cell 
viability compared with HI/R, whereas inhibition of SNHG8 
increased cell viability after co‑transfected with the miR‑335 
inhibitor on HI/R‑induced H9C2 myocardial cell injury. 
Furthermore, SNHG8 siRNA combined with the miR‑335 
inhibitor was able to enhance cell proliferation and reduce 
LDH release compared with the miR‑335 inhibitor alone group 
(Fig. 3B and C, respectively). SNHG8 siRNA reduced the 
miR‑335 inhibitor‑induced increase in the number of apoptotic 
cells under the HI/R condition in H9C2 cells (Fig. 3D). Western 
blot analysis of apoptosis‑related proteins demonstrated 

that, Bax was decreased and Bcl‑2 was increased following 
co‑transfection with SNHG8 siRNA and miR‑335 inhibitor 
(Fig. 3E).

miR‑335 negatively regulates the expression of RASA1. Based 
on the aforementioned results, TargetScan and miRTarBase 
were used to investigate the binding site of miR‑335 (29,30). The 
overlapping analysis of the 196 differentially expressed mRNAs 
identified by TargetScan and the predicted single mRNA identi‑
fied by miRTarBase indicated that only RASA1 interacted with 
miR‑335 (Fig. S2B). The results indicated that miR‑335 targets the 
3'‑UTR of the RASA1 mRNA (Fig. 4A). The schematic diagram 
of the relationship between miR‑335 and RASA1 is shown in 
Fig. 4B. A dual‑luciferase reporter assay was used to further 
verify this prediction, and the results indicated that miR‑335 
mimics decreased the luciferase activity of pGL3‑RASA1‑WT, 
whereas no effect on pGL3‑RASA1‑Mut was observed (Fig. 4C). 
In addition, it was demonstrated that overexpression of miR‑335 
significantly downregulated the expression level of RASA1 
mRNA, whereas transfection with the miR‑335 inhibitor had 
the opposite effect on the expression of RASA1 (Fig. 4D). The 
expression of RASA1 following transfection of HI/R‑induced 
H9C2 cells with SNHG8 siRNA was also confirmed. The results 
demonstrated that SNHG8 siRNA treatment significantly down‑
regulated the expression of RASA1 (Fig. 4E).

SNHG8 protects against HI/R myocardial injury through 
regulation of miR‑335 and RASA1. To investigate whether 

Figure 4. miR‑335 negatively regulates the expression of RASA1. (A) TargetScan analysis was used to predict matches between miR‑335 and the RASA1 
3'‑UTR. (B) Schematic diagram of the relationship between miR‑335 and RASA1. (C) Relative luciferase activities of WT and Mut RASA1 reporter plasmid 
in H9C2 cells after co‑transfection with miR‑335 mimics. **P<0.01 vs. NC mimic. (D) The expression level of RASA1 mRNA was determined by reverse 
transcription‑quantitative PCR after transfection with the miR‑335 mimic, inhibitor or NC. *P<0.05. (E) SNHG8 siRNA transfection downregulated RASA1 
expression. *P<0.05. miR, microRNA; Mut, mutant; NC, negative control; RASA1, RAS p21 protein activator 1; rno, Rattus norvegicus; siRNA, small inter‑
fering RNA; SNHG8, small nucleolar RNA host gene 8; UTR, untranslated region; WT, wild‑type.
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miR‑335 and RASA1 mediated the protective effect of SNHG8 
on HI/R‑induced H9C2 cell injury, a series of experiments was 
performed. Knockdown of RASA1 protected HI/R‑induced 
H9C2 cells by increasing cell viability and cell proliferation, 
and decreasing LDH release, whereas compared with RASA1 
siRNA + HI/R group, there was no significant difference in 
cell viability, proliferation and LDH following treatment with 
SNHG8 siRNA and RASA1 siRNA (Fig. 5A‑C). Moreover, 
following RASA1 silencing, SNHG8 did not further reduce 
apoptosis, again demonstrating that SNHG8 may act through 
RASA1 (Fig. 5D). Western blot analysis showed that, compared 
with the RASA1 siRNA group, there was no significant differ‑
ence in Bax and Bcl‑2 expression after combined treatment 
with RASA1 siRNA and SNHG8 siRNA (Fig. 5E).

The protective effect of SNHG8 combined with RASA1 
overexpression plasmid on HI/R induced H9C2 cells was 
analyzed further. The data demonstrated that RASA1 

overexpression reduced cell viability, whereas SNHG8 siRNA 
combined with RASA1 overexpression increased viability 
(Fig. S2C). These results demonstrated that lncRNA SNHG8 
may regulate the expression of RASA1 and that RASA1 may 
mediate the effects SNHG8 on the damage to cells. These 
data indicated that SNHG8 may protect HI/R‑induced H9C2 
cell injury through the regulation of miR‑335 and RASA1 
expression.

Discussion

Myocardial I/R injury is one of the major causes of mortality 
worldwide (31). Myocardial ischemia leads to hypoxia and cell 
apoptosis, further aggravating myocardial tissue damage (32). 
Therefore, investigating strategies to reduce myocardial injury 
during hypoxia are essential for treatment of heart failure and 
angina pectoris.

Figure 5. RASA1 mediates the protective effect of SNHG8 on HI/R myocardial injury. (A) Cell Counting Kit‑8 viability assay and (B) EdU analysis of cell 
proliferation after transfection with RASA1 siRNA alone or after co‑transfection with SNHG8 siRNA. **P<0.01, ***P<0.001 vs. Control. (C) LDH expression 
was determined following transfection with RASA1 siRNA alone or co‑transfection with SNHG8 siRNA. **P<0.01, ***P<0.001 vs. NC. (D) The number 
of apoptotic cells was determined by flow cytometry. *P<0.05 vs. NC. (E) Western blot analysis of Bax, Bcl‑2 and cleaved caspase‑3 protein expression 
levels in H9C2 cells following transfection RASA1 siRNA alone or co‑transfection of RASA1 siRNA and SNHG8 siRNA. *P<0.05 vs. NC. HI/R, hypoxia-
ischemia‑reoxygenation; LDH, lactate dehydrogenase; miR, microRNA; NC, negative control; RASA1, RAS p21 protein activator 1; siRNA, small interfering 
RNA; SNHG8, small nucleolar RNA host gene 8.
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Studies have indicated that lncRNAs are related to cerebral 
ischemia and that these lncRNAs could regulate the develop‑
ment of ischemic cerebrovascular disease (33,34). They also act 
as ceRNAs, regulating specific RNA transcription by competi‑
tively binding with miRNAs. This lncRNA‑miRNA crosstalk 
might be particularly important for the control and treatment 
of myocardial I/R injury and recovery after ischemia, and 
lncRNA‑miRNA crosstalk have also emerged as new regula‑
tors in myocardial injury (31). Upregulation of lncRNA HULC 
could reduce HI/R‑induced H9C2 cell apoptosis and inflamma‑
tion through the miR‑377‑5p‑NLRP3/caspase‑1/IL‑1β axis (35). 
Silencing of lncRNA PVT1 could reduce HI/R injury‑induced 
cell apoptosis and autophagy via the miR‑186/Beclin‑1 
signaling pathway (36). lncRNA SNHG8, located on 4qq26, 
belongs to the lncRNA family and is 1,062 nt in length (37). A 
recent study indicated that lncRNA SNHG8 was significantly 
upregulated in AMI and that it may be correlated with regula‑
tion of myocardial cell necrosis and apoptosis (12). The present 
study found that, after HI/R induction, SNHG8 exhibited the 
highest expression among the lncRNAs examined, and it was 
associated with ischemic myocardial cells, which was consis‑
tent with studies by Zhuo et al (12) and Zhang and Bian (38). 
Inhibition of SNHG8 could protect against HI/R‑induced 
myocardial injury by increasing cell viability and proliferation, 
and by decreasing cell apoptosis.

In the present study, a bioinformatics approach was used 
to predict that the SNHG8 transcript contained a miR‑335 
binding region. It has previously been reported that miR‑335 
serves an important role in myocardial I/R injury (39), which 
is consistent with the results of the present study. The present 
findings also demonstrated that miR‑335 inhibitor treatment 
could increase cell apoptosis and reduce cell viability or 
proliferation in HI/R‑induced H9C2 cells, with co‑transfec‑
tion with SNHG8 siRNA, the effect of the miR‑335 inhibitor 
on increasing apoptosis was also reversed.

miRNAs serve an important role in cardiovascular 
disease by interacting with downstream mRNAs (40,41). 
For example, upregulation of miR‑149 protected against 
myocardial I /R damage by inhibiting forkhead box 
O3 expression  (42). miR‑7b overexpression reduced 
HI/R‑induced H9C2 apoptosis via the hypoxia induc‑
ible factor‑1α/p38 signaling pathway  (43). The present 
study demonstrated that miR‑335 negatively regulates the 
expression of RASA1. Combined with the aforementioned 
results, it was confirmed that knockdown of SNHG8 could 
decrease RASA1 expression. Moreover, the present study 
confirmed that RASA1 mediated the protective effect of 
SNHG8 in HI/R‑induced myocardial cell injury. Therefore, 
it was demonstrated that SNHG8 may control HI/R‑induced 
myocardial cell injury by regulating miR‑335 and RASA1.

The main factors leading to reperfusion injury are oxida‑
tive stress, inflammation and apoptosis  (44). Myocardial 
apoptosis is also related to ventricular dysfunction subse‑
quent to cardiac surgery  (45). Therefore, inhibition of 
myocardial cell apoptosis after ischemia might be considered 
an effective treatment to improve diastolic function after 
ischemia. The Bcl‑2 family, including Bcl‑2 and Bax, are 
related to the regulation of cell apoptosis (46). The present 
study revealed that SNHG8 could regulate apoptotic‑related 
proteins Bax, Bcl‑2 and cleaved caspase‑3 by regulating 

miR‑335 and RASA1. However, the present study also had 
certain limitations. The protective effect of SNHG8 was 
verified under HI/R‑induced H9C2 cells in vitro; however, 
the experiment could be extended to demonstrate the effect 
in vivo. Additionally, further identification and confirmation 
of the precise mechanisms underlying RASA1 are required, 
such as whether RASA1 regulates Ras/MEK1/2/ERK1/2 
and PI3K/Akt signaling.

In conclusion, the present study demonstrated that trans‑
fection with SNHG8 siRNA protected against HI/R‑induced 
injury in H9C2 cells by mediating the regulation of miR‑335 
and RASA1, thus indicating that SNHG8 may be an effec‑
tive target for treatment of myocardial I/R injury.
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