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Abstract. Accumulating evidence shows that long non‑coding 
RNAs (lncRNAs) are widely involved in cellular processes 
of myocardial ischemia/reperfusion (I/R). The present study 
investigated the functions of lncRNA SNHG16 in myocardial 
I/R and the mechanism mediated by SNHG16. The myocardial 
I/R rat and cell model and hypoxia/reoxygenation injury (H/R) 
models of H9C2 cardiomyocytes were established to detect the 
expression of SNHG16. Cell Counting Kit‑8, flow cytometric 
and western blot assays were conducted to detect cell viability, 
apoptosis and protein expression. Myocardial cell apoptosis 
was assessed by TUNEL staining. Dual‑luciferase gene 
reporter was applied to determine the interaction between the 
molecules. The expressions of SNHG16 were upregulated in 
myocardial I/R injury models. Inhibition of SNHG16 relieved 
myocardial I/R injury in vivo and in vitro silencing of SNHG16 
alleviated H/R induced cardiomyocyte apoptosis. To explore 
the regulatory mechanism, it was discovered that SNHG16 
directly interacted with miR‑183, while forkhead box O1 
(FoxO1) was a target of microRNA (miR)‑183. Findings from 
rescue assays revealed that miR‑183 inhibitor and upregulation 
of FOXO1 can rescue the effect of sh‑SNHG16 on H/R‑induced 
cardiomyocyte apoptosis. The results indicated that the lncRNA 
SNHG16/miR‑183/FOXO1 axis exacerbated myocardial cell 
apoptosis in myocardial I/R injury, suggesting SNHG16 as a 
potential therapeutic target for myocardial I/R injury.

Introduction

Myocardial ischemia/reperfusion injury (I/R) is the restoration 
of blood perfusion following ischemia, which causes metabolic 
dysfunction and aggravates the structural damage of myocar‑
dial cells, leading to cell death and infarction enlargement (1). 
The pathogenesis of myocardial I/R is complicated, but studies 

have shown that it is related to oxygen‑free radicals, calcium 
overload and inflammatory mediators (2‑4). Currently, there 
is no effective treatment for myocardial I/R and it is of great 
clinical significance to explore the molecular mechanism of 
the myocardial I/R pathological process.

Long non‑coding RNAs (LncRNAs) are a class of 
non‑coding RNAs with a length of more than 200 nucleotide 
molecules  (5). LncRNAs can regulate gene expression at 
multiple levels, including epigenetic regulation, transcription 
and post‑transcriptional regulation mediated by regulatory 
factors (6,7). Many studies have shown that lncRNA is closely 
related to myocardial I/R injury (8,9). A recent study found 
that CHRF exacerbated myocardial I/R injury by enhancing 
autophagy via modulation of the miR‑182‑5p/ATG7 
pathway  (10). Studies have shown that SNHG16 is highly 
expressed in a variety of tumor tissues and plays the role of an 
oncogenic gene (11,12). Silencing SNHG16 can inhibit tumor 
cell growth, invasion and metastasis and induce cell apop‑
tosis (13). However, the mechanism of SNHG16 in myocardial 
I/R injury remains to be elucidated.

LncRNA can regulate target gene expression through 
competitively binding microRNA (miRNA/miR) (14). miRNAs 
play essential roles in anti‑apoptotic cardiovascular diseases 
and myocardial I/R injury (2,15). miR‑183 has been suggested 
to act as a regulator in cell apoptosis of hypoxia‑induced H2c9 
cells  (16). The present study explored SNHG16 functional 
role and mechanism in myocardial I/R injury by establishing 
an animal model of myocardial I/R in rats and an H9C2 cell 
model of H/R injury.

Materials and methods

Animals and groups. A total of 26 male SPF grade Sprague-
Dawley (SD) rats (male rats are more resilient and their 
hormone levels change more steadily than female ones) 
weighing 200‑250  g (7‑8  week‑old) were obtained from 
Beijing Experimental Animal Center and kept at 25±3˚C 
and 50‑60% humidity in a room with a 12‑h light/dark cycle. 
Experiments were conducted according to the Declaration of 
Helsinki. The Animal Care and Use Committee of Cangzhou 
Central Hospital (approval no. 2022‑013‑01z) approved all 
rat protocols and procedures. Rats were randomly divided 
into four groups, including sham (Sham group, n=6) and the 
reperfusion 24 h group, including I/R group, n=7; I/R + shNC, 
n=7 and I/R + shSNHG16, n=6).

Knockdown of lncRNA SNHG16 attenuates myocardial 
ischemia‑reoxygenation injury via targeting miR‑183/FOXO1 axis

TAO GENG,  ZESHENG XU,  JINGXIAN XING,  YONGGANG YUAN  and  JUAN LIU

Department of Cardiovascular Medicine, Cangzhou Central Hospital, Cangzhou, Hebei 061000, P.R. China

Received February 14, 2022;  Accepted October 5, 2022

DOI: 10.3892/etm.2023.11805

Correspondence to: Dr Tao Geng, Department of Cardiovascular 
Medicine, Cangzhou Central Hospital, 16 Xinhua West Road, 
Cangzhou, Hebei 061000, P.R. China
E‑mail: cz_gtao@163.com

Key words: lncRNA SNHG16, myocardial ischemia/reperfusion, 
microRNA 183, forkhead box O1



GENG et al:  SNHG16 REGULATES MYOCARDIAL I/R INJURY2

Establishment of myocardial I/R injury model. SD rats were 
fasted for 12 h before surgery, anesthetized by intraperitoneal 
injection of pentobarbital sodium (50 mg/kg body weight) 
and fixed in an inverted position. Tracheotomy and intuba‑
tion were performed and an artificial ventilator (frequency: 
70  times/min; tidal volume: 20 ml; respiration ratio: 1:1) 
was connected. A needle electrode was inserted subcutane‑
ously into the extremities to record the ECG and connect 
the BL420S biological function experimental system. The 
left anterior descending coronary artery was found between 
the pulmonary artery conus and the left atrial appendage. 
The anterior descending coronary artery was ligated with 
a 5/0 thread between the pulmonary artery conus 2‑4 mm 
below the root of the left atrial appendage to block the coro‑
nary blood flow. Following ligation for 30 min, the ligation 
line was loosened and reperfusion for 120 min. The rats were 
allowed to regain consciousness during reperfusion period. 
At the end of experiment, the rats were anesthetized with 3% 
pentobarbital sodium (50 mg/kg) for approximately 10 min 
(until the rat was immobile) followed by sacrifice via cervical 
dislocation.

Determination of LDH activity. After 120 min of reperfu‑
sion, blood samples from each group were collected. The 
levels of lactate dehydrogenase (LDH) in the serum were 
detected by ELISA according to the manufacturer's instruc‑
tions (cat. no. A020‑2‑2; Nanjing Jiancheng Bioengineering 
Institute).

Hematoxylin and eosin (HE) staining. At the end of reper‑
fusion, the myocardium tissue was fixed with 10% neutral 

buffer formalin for 48 h. After processed in a series of graded 
ethanol and dimethyl benzene, the tissues were embedded 
in paraffin, and 4‑5 µm sections were stained with stained 
with hematoxylin for 5 min and eosin for 3 min at room 
temperature, sealed and observed under light microscope 
(magnification, x200) and the results from 3 fields of each 
group were obtained.

Cell culture and transfection. Rat cardiomyocytes H9C2 were 
obtained from the cell bank of Shanghai Institute of Biology, 
Chinese Academy of Sciences. The H9C2 cells were cultured 
in high glucose DMEM (Gibco; Thermo Fisher Scientific, Inc.) 
medium containing 10% FBS and 1% penicillin‑streptomycin 
at 37˚C in an atmosphere of 95% air and 5% CO2. The culture 
medium was changed every 3 days and the logarithmic growth 
cells were digested with 0.25% trypsin. For cell transfec‑
tion, cells were seeded into 12‑well plates at a density of 
1.5x105 cells per well and transfected with the short hairpin 
(sh)SNHG16 and negative control (NC) shRNA‑NC plasmid, 
miR‑183 specific inhibitor (miR‑183 antisense oligodeoxyri‑
bonucleotide, miR‑183‑ASO) and miR‑NC, miR‑183‑mimics 
and mimics control, pcDNA3.1‑forkhead box O1 (FoxO1) and 
pcDNA3.1 vectors were synthesized by Hanbio Biotechnology 
Co., Ltd. and infection was performed according to the manu‑
facturer's manual at 37˚C. For each transfection, 1 µg of each 
construct was added to each well. At 24 h after transfection, 
the cells were collected and the depletion efficiency was vali‑
dated through reverse transcription‑quantitative (RT‑q) PCR 
analysis. miRNA sequences were as follows: miR‑183 mimics, 
5'‑UAU​GGC​ACU​GGU​AGA​AUU​CAC​U‑'3; mimics control, 
5'‑ACU​ACU​GAG​UGA​CAG​UAG​A‑3'.

Figure 1. Inhibition of SNHG16 relieves myocardial I/R injury in vivo. (A) Hematoxylin and eosin staining was performed to detect pathological changes in 
cardiac tissues. Myocardial cells from I/R injured rat were swollen in the plasma and interstitial edema (red arrows). (B) SHNG16 mRNA expression was 
detected by quantitative PCR. (C) LDH in the serum of the rats in each group was detected with ELISA. The data are from three individual experiments and 
are shown as mean ± SD. **P<0.01, ***P<0.001. I/R, ischemia/reperfusion; sh, short hairpin; NC, negative control; LDH, lactate dehydrogenase.
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Cell counting kit (CCK8) assay. Cells were seeded into 96‑well 
plates at a density of 0.25x104/well to assess cell proliferation. 
After 24 h of cell adherent growth, each well was replaced with 
100 µl DMEM complete culture medium, 10 µl CCK‑8 reagent 

was added and then placed in an incubator for dark incubation 
for 2 h. The D value of each well at 450 nm wavelength was 
measured with an enzyme‑linked immunodetection and the 
cell growth curve was plotted.

Figure 2. Knockdown of SNHG16 alleviates H/R induced cardiomyocyte apoptosis. (A) SHNG16 mRNA expression was detected by quantitative PCR. 
(B) CCK‑8 assay to detect H/R‑induced cardiomyocyte viability. (C) Apoptosis was examined by flow cytometric analysis using Annexin V/PI assay. 
(D) Western blot detected the expression of apoptosis‑related proteins Bax, Bcl‑2 and Cleaved Caspase‑3. The data are from three individual experiments and 
are shown as mean ± SD. ***P<0.001. H/R, hypoxia/reoxygenation; OD, optical density; sh, short hairpin; NC, negative control.
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Flow cytometry to detect the apoptosis of cardiomyocytes. 
H9C2 cells suspension of each group was collected and centri‑
fuged at 1,000 x g for 5 min at room temperature, washed with 
PBS, stained in Annexin V‑FTTC in the presence of 50 µg/ml 
RNase A and then the cells were incubated at room tempera‑
ture for 10‑15 min in the dark. A FACScan (Becton Dickinson) 
was used and the apoptotic rate (early + late apoptosis) was 
detected and analyzed using CytExpert version 2.0 software 
(Beckman Coulter, Inc.).

Terminal deoxynucleotidyl transferase dUTP nick end 
labeling (TUNEL) assay. Apoptosis of H9C2 cells was 
detected by TUNEL staining for 60 min at 37˚C and then 
stained with DAPI for 5 min at 37˚C. The percentage of apop‑
totic cells was calculated by dividing TUNEL‑positive cells by 
DAPI‑positive cells.

Dual‑luciferase reporter assay. The putative interacting sites 
between SNHG16 and miR‑183 and between miR‑183 and 
FOXO1 were predicted using StarBase version 2.0 (http://star‑
base.sysu.edu.cn/), miRDB (http://mirdb.org/miRDB/index.
html), miRWalk (http://mirwalk.umm.uni‑heidelberg.de), 
DIANA (http://diana.imis.athena‑innovation.gr/DianaTools/) 
and TargetScan7 (http://www.targetscan.org/vert_71/) tools. 
H9C2 cells, following transfection with trypsin digestion for 
48 h, were inoculated in 24‑well plates with 1x104 cells/well, 
then cultured for 24 h. If the cells fused into one layer, the 
transfection was carried out. The wild‑type (WT‑SNHG16) 
and mutant‑type (MUT‑SNHG16) dual‑luciferase reporter 

vectors of SNHG16 were constructed (Promega Corporation) 
and then co‑transfected with miR‑NC or miR‑183 using 
Lipofectamine® 3000 reagent (Invitrogen), respectively. After 
48 h of transfection, the cells were collected and lysed in lysate 
buffer at room temperature for 20 min. The Dual Luciferase 
Reporter Assay kit (Promega Corporation) was used to 
examine the Renilla and firefly luciferase activity following 
the manufacturer's protocol.

RT‑qPCR Reverse transcription‑quantitative (RT‑q) PCR. 
Tissue and cells (seeded into a 6‑well plate at a density of 
4x104 cells/well and cultured for 24 h) were collected to extract 
total RNA using TRIzol® reagent (Thermo Fisher Scientific, 
Inc.). RNA was reversely transcribed into cDNA using the 
cDNA Reverse Transcription kit (Thermo Fisher Scientific, 
Inc.) or MicroRNA Reverse Transcription kit (Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocols. The 
expression levels were determined using the SYBR PremixEx 
Taq II kit (Takara Biotechnology Co., Ltd.) with GAPDH as 
an internal control on ABI 7500 RT‑PCR system (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). The qPCR ther‑
mocycling conditions were: Initial denaturation at 95˚C for 
10 min; followed by 40 cycles of 95˚C for 15 sec and 64˚C for 
30 sec. The relative gene expression was analyzed by using the 
2‑ΔΔCq method (11). The experiment was repeated three times. 
The primer sequences were: SNHG16: forward: 5'‑GCA​GAA​
TGC​CAT​GGT​TTC​CC‑3'; SNHG16: reverse: 5'‑GGA​CAG​CTG​
GCA​AGA​GAC​TT‑3'; miR‑183: forward: 5'‑CGC​GGT​ATG​
GCA​CTG​GTA​GA‑3'; miR‑183: reverse: 5'‑AGT​GCA​GGG​TCC​

Figure 3. LncRNA SNHG16 target miR‑183 in H9C2 cells. (A) The predicted binding site of SNHG16 and miR‑183. (B) Dual‑luciferase reporter detected the 
relative luciferase activity of WT‑SNHG16 and MUT‑SNHG16 following transfection of miR‑183 mimic or NC. (C) The SNHG16 expression was detected by 
quantitative PCR. The data are from three individual experiments and are shown as mean ± SD. **P<0.01, ***P<0.001. Lnc, long non‑coding; miR, microRNA; 
WT, wild‑type; MUT, mutant‑type; NC, negative control; ns, not significant.
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GAG​GTA​TTC‑3'; FOXO1: forward: 5'‑GGA​TGG​CAT​GTT​
CAT​TGA​GCG‑3'; FOXO1: reverse: 5'‑ACT​GCT​TCT​CTC​AGT​
TCC​TGC‑3'; GAPDH: forward: 5'‑CAT​GAG​AAG​TAT​GAC​

AAC​AGC​CT‑3'; GAPDH: reverse: 5'‑AGT​CCT​TCC​ACG​ATA​
CCA​AAG​T‑3'; U6: forward: 5'‑CTC​GCT​TCG​GCA​GCA​CA‑3'; 
U6: reverse: 5'‑AAC​GCT​TCA​CGA​ATT​TGC​GT‑3'.

Figure 4. miR‑183 inhibitor rescues the effect of shSNHG16 on H/R‑induced cardiomyocyte apoptosis. (A) The expression of miR‑183 was detected by 
quantitative PCR. (B) Cell viability changes in four groups. (C) Apoptosis rates of cells assayed by flow cytometry. (D) The relative protein expression of Bcl‑2, 
Bax and cleaved‑Caspase‑3 was detected by western blotting. The data are from three individual experiments and are shown as mean ± SD. *P<0.05, **P<0.01, 
***P<0.001. miR, microRNA; sh, short hairpin; H/R, hypoxia/reoxygenation; NC, negative control.
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Western blot assay. Total protein was isolated from spinal 
cord samples and cells using a protein extraction kit (Bio‑Rad 
Laboratories, Inc.). The total protein concentration was deter‑
mined by the BCA method, the proteins (50 µg per lane) were 
separated via 8% SDS‑PAGE. Proteins were then transferred 
onto PVDF membranes. The membranes were blocked using 
5% skimmed milk for 2 h at room temperature, the primary 
antibody was incubated overnight and the HRP‑conjugated 
secondary antibody was incubated at 1:5,000 for 2 h. Protein 
bands were developed with BeyoECL Plus (Beyotime Institute 
of Biotechnology). ImageJ software (National Institutes of 
Health, v1.8) was used to analyze the gray value for a gel 
imaging system for imaging. Western blotting was performed 
using the following antibodies: Bax (cat. no. ab32503; 1:1,000), 
Bcl‑2 (cat. no.  ab32124; 1:1,000), cleaved Caspase 3 (cat. 
no. ab32042; 1:1,000) and β‑actin (cat. no. ab8227; Abcam) 
antibodies were purchased from Abcam, FOXO1 (cat. no. 2880; 
1:1,000) was purchased from Cell Signaling Technology.

Statistical analysis. Statistical analysis software SPSS 
21.0 (IBM Corp.) was used to complete the data sorting 
and analysis. Values are expressed as the mean ± standard 
deviation from at least three independent experiments. The 
differences between the two groups were compared using a 
Student's t‑test, whereas the differences among several groups 
were compared using a one‑way ANOVA with a post‑hoc 
Tukey's test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Inhibition of SNHG16 relieved myocardial I/R injury in vivo. 
SNHG16 has been reported to be a significant regulator in 

multiple cancers  (12). However, its function in myocardial 
I/R injury remains to be elucidated. The present study tested 
the expression of the SNHG16 in vivo model of myocardial 
I/R injury. As shown in Fig. 1A, SNHG16 exhibited a higher 
expression in the I/R model. Compared with the Sham group, 
HE staining also demonstrated that the myocardium was 
severely injured in the I/R group, manifested by myocar‑
dial edema, intense eosinophilic change and contraction 
band anomaly. This effect was attenuated by the silencing 
of SNHG16 (Fig. 1B). The activity of LDH was markedly 
enhanced in the I/R group, but knockdown of SNHG16 could 
reverse this effect (Fig. 1C). These results indicated that the 
inhibition of SNHG16 relieved myocardial I/R injury in vivo.

Knockdown of SNHG16 alleviates H/R‑induced cardiomyo‑
cyte apoptosis. To verify the efficiency of knockdown SNHG16 
in H/R‑induced injury cardiomyocytes, the present study 
transfected shSNHG6 into H9C2 cells before treatment with 
H/R. As shown in Fig. 2A, SNHG16 in the H/R + shSNHG16 
group was significantly lower compared with the H/R group. 
CCK8 assay indicated that the cell viability of H9C2 cells 
was decreased by H/R treatment, while shSNHG16 reduced 
this effect (Fig.  2B). Results of flow cytometry (Fig.  2C) 
showed that inhibiting SNHG16 could partially reverse the 
H/R‑induced apoptosis in H9C2 cells. The present study 
detected the apoptosis‑related protein level. Fig. 2D showed 
that transfection of shSNHG16 significantly reduced the high 
expression of apoptotic proteins Caspase 3 and Bax induced 
by H/R injury. The expression trend of anti‑apoptotic protein 
Bcl‑2 was the opposite to that of Caspase 3 and Bax.

LncRNA SNHG16 targeted miR‑183 in H9C2 cells. StarBase 
version 2.0 (http://starbase.sysu.edu.cn/) predicted that 

Figure 5. miR‑183 targets FOXO1 in H9C2 cells. (A) The predicted miR‑183 binding sites in the 3'‑UTR of FOXO1. (B) Luciferase activity was detected to 
evaluate the binding potential between FOXO1 and miR‑183. (C) Quantitative PCR and (D) western blotting analysis were used to measure the expression of 
FOXO1. The data are from three individual experiments and are shown as mean ± SD. ***P<0.001. miR, microRNA; FOXO1, forkhead box O1.
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Figure 6. Upregulation of FOXO1 can rescue the effect of sh‑SNHG16 on H/R induced cardiomyocyte apoptosis. (A) The expression of FOXO1 was detected 
by quantitative PCR. (B) Cell viability was elevated using the CCK‑8 assay. Cell apoptosis rate was determined by (C) flow cytometry and (D) TUNEL. The 
data are from three individual experiments and are shown as mean ± SD. **P<0.01, ***P<0.001. FOXO1, forkhead box O1; sh, short hairpin; H/R, hypoxia/
reoxygenation; NC, negative control; TUNEL, terminal deoxynucleotidyl transferase dUTP nick end labeling.
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SNHG16 had a binding site with miR‑183 (Fig. 3A), which is 
associated with the degree of myocardial ischemic injury (17). 
To validate this bioinformatics prediction, luciferase 
reporter further verified the direct interaction of SNHG16 
and miR‑183 (Fig. 3B). It was subsequently discovered that 
SNHG16 overexpression in H9c2 cells significantly inhibited 
miR‑183 expression while knockdown of SNHG16 increased 
it (Fig. 3C). Overall, these findings suggested that SNHG16 
interacted with miR‑183.

miR‑183 inhibitor rescues the effect of shSNHG16 on 
H/R‑induced cardiomyocyte apoptosis. To investigate 
whether SNHG6 aggravated H/R‑induced myocardial apop‑
tosis through regulating miR‑183, rescue experiments were 
conducted in H9C2 cells. As shown in Fig.  4A, miR‑183 
expression was increased in the H/R + shSNHG16 group, 
whereas cotransfection of shSNHG6 and miR‑183‑ASO partly 
restored the expression of miR‑183 (Fig. 4A). Inhibition of 
SNHG6 increased cell viability compared with H/R + NC, 
whereas inhibition of miR‑183 reduced cell viability following 
co‑transfected with the shSNHG6 on H/R‑induced H9C2 
myocardial cell injury (Fig.  4B). Flow cytometry results 
showed that apoptosis was decreased in the H/R + shSNHG16 
group compared with the H/R group, whereas cotransfection 
of shSNHG16 and miR‑183‑ASO dramatically increased apop‑
totic cells compared with the H/R + shSNHG16 + miR‑NC 
group (Fig. 4C). Similar apoptosis results were also shown by 
western blotting (Fig. 4D).

FOXO1 3'‑UTR is the direct target of miR‑183 in cardio‑
myocyte. The downstream target genes of miR‑183 were 
predicted using online analysis tools, including TargetScan 
(http://www.targetscan.org), miRWalk (http://mirwalk.umm.
uni‑heidelberg.de) and miRDB (http://www.mirdb.org). 
FOXO1 was one of the 118 genes predicted by all three tools 
and there is evidence that it is closely related to myocardial 
I/R injury (Fig. 5A). To further confirm this hypothesis, 
a dual‑luciferase reporter assay was used to verify the 
regulation between miR‑183 and FOXO1. As shown in 
Fig. 5B, the luciferase activity was significantly decreased 
in H9C2 cells co‑transfected with miR‑183 mimics and 
FOXO1‑WT. Furthermore, overexpression of miR‑183 signif‑
icantly suppressed the mRNA level of FOXO1 (Fig. 5C). 
Consistently, the same results were confirmed by western 
blotting (Fig. 5D). Collectively, these results indicated that 
miR‑183 targeted FOXO1.

Upregulation of FOXO1 can rescue the effect of shSNHG16 
on H/R induced cardiomyocyte apoptosis. To further explore 
the effect of FOXO1 on SNHG16, H9C2 cells were transfected 
with pcDNA3.1‑FOXO1 and shSNHG16. The RT‑qPCR 
results showed that inhibition of SNHG16 could reduce the 
expression of FOXO1 and FOXO1 expression is significantly 
increased following overexpression of FOXO1 (Fig. 6A). As 
shown in Fig. 6B, the high cell viability caused by shSNHG16 
following H/R treatment was considerably weakened by 
pcDNA3.1‑FOXO1 transfection (Fig. 6B). Furthermore, flow 
cytometry (Fig. 6C) and TUNEL (Fig. 6D) showed the same 
trend. These findings emphasized the significance of FOXO1 
for SNHG16‑induced myocardial injury.

Discussion

Cardiomyocyte H/R injury is a classic model to simulate 
the pathological and physiological processes of myocardial 
I/R. Short‑time ischemia and reperfusion of myocardial 
cells can cause dysfunction of tissue cell function metabo‑
lism, aggravation of structural and functional damage and 
even irreversible damage (1). The current study found that 
lncRNA SNHG16 knockdown may reduce the myocardial 
I/R injury in rats and the H/R injury in H9C2 cells. The 
SNHG16/miR‑183/FOXO1 axis modulated apoptosis in I/R 
injury.

A previous study indicates that silenced SNHG16 
represses Ang II‑imposed cardiac hypertrophy (18). In the 
present study, SNHG16 was upregulated in myocardial 
I/R injury and inhibition of SNHG16 could significantly 
improve I/R damage. A number of lncRNAs have been 
demonstrated to serve as competing endogenous (ce)
RNAs of miRNAs in myocardial I/R injury progression. 
Guo et al (19) reported that lncRNA PART1 protects mito‑
chondrial function via miR‑503‑5p/BIRC5 in myocardial 
I/R injury. A report from Li et al (20) noted that lncRNA 
XIST acts as a ceRNA of miR‑133a to improve myocar‑
dial I/R injury by regulating of SOCS2 and inhibiting 
autophagy. In the current study, miR‑183 was identified 
as a functional target gene of SNHG16 through bioinfor‑
matics and dual‑luciferase reporter analysis. Evidence 
has demonstrated that miR‑183 plays an essential role in 
cardiovascular disease. For example, Lin et al (21) found 
that overexpression of miR‑183‑5p by agomiR transfection 
alleviates cardiac dysfunction and significantly reduces 
the infarct size in rats with myocardial I/R. In addition, 
miR‑183 acts as a cardioprotective regulator for the devel‑
opment of cardiomyocyte hypertrophy via direct regulation 
of TIAM1 (22). Furthermore, FOXO1 was confirmed to be 
a target of miR‑183 and can be regulated by both SNHG16 
and miR‑183 to affect the process of myocardial I/R injury. 
FOXO1, a member of the FOX family, mainly plays a 
reactive oxygen species scavenging role by regulating the 
oxidative stress response through transcriptional modifica‑
tions such as phosphorylation and acetylation  (23,24). It 
has been reported that overexpression of FOXO1 in H9C2 
cardiomyocytes can regulate PDK4 transcription and inhibit 
the oxidative stress response of cardiomyocytes (25).

In summary, the experimental data from the present 
study indicated the function and mechanism of lncRNA 
SNHG16 in regulating myocardial I/R injury in rats and the 
H/R injury in H9C2 cells. The present study also showed 
that inhibition of SNHG16 could improve myocardial 
I/R injury by regulating the miR‑183/FOXO1 axis, which 
could be a promising therapeutic agent for myocardial I/R 
injury.
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