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Abstract 

Purpose: To investigate the underlying mechanism of long intergenic non-protein coding RNA (LINC-
ROR) in myocardial ischemia/reperfusion (I/R) injury. 
Methods: Rat H9C2 cells were used to establish the model of hypoxia/reoxygenation (H/R). Cell 
viability was measured using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 
method. The proportion of apoptotic H9C2 cells was evaluated using flow cytometry. Luciferase reporter 
experiments and RNA pull-down assays were used to determine the relationships among LINC-ROR, 
miR-129-5p, and hook microtubule tethering protein 3 (Hook3), while QRT-PCR and western blots were 
used to investigate the relationship between LINC-ROR and the expression and activation of Hook3 and 
proteins of the PI3K/AKT/mTOR pathway. 
Results: LINC-ROR was elevated under H/R stimulation. The viability of H9C2 cells decreased, and 
cell apoptosis was induced after H/R treatment. These latter effects were abrogated by the down-
regulation of LINC-ROR. Luciferase reporter results and RNA pull-down showed that LINC-ROR served 
as the miR-129-5p sponge, and miR-129-5p was bound to Hook3 RNA directly. Moreover, 
overexpression of LINC-ROR increased Hook3 protein level by serving as miR-129-5p sponge. 
Furthermore, the overexpression of LINC-ROR activated PI3K/Akt/mTOR pathway by regulating Hook3. 
Conclusion: LINC-ROR increases in cardiomyocytes with H/R injury. Down-regulation of LINC-ROR 
alleviates myocardial I/R injury via miR-129-5p/Hook3 axis. Therefore, LINC-ROR is a potential 
therapeutic target for myocardial I/R injury. 
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INTRODUCTION 
 
Myocardial ischemia/reperfusion (I/R) is a clinical 
challenge related to thrombolytic therapy and 
coronary intervention surgery [1]. During I/R 
injury, inflammation and cardiomyocyte apoptosis 

is triggered, and myocardial injury is induced 
through increased production of cytokines and 
oxygen free radicals [2,3]. Myocardial I/R injury 
usually leads to systolic cardiac dysregulation, 
arrhythmias, heart failure, and myocardial 
infarction [1,4]. Furthermore, myocardial I/R 
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injury is a leading cause of death related to 
coronary heart disease [5]. Therefore, it is 
essential to investigate the molecular mechanism 
of myocardial I/R injury and explore potential 
therapeutic strategies. Long non-coding RNAs 
(lncRNAs) are endogenous non-coding RNA with 
lengths over 200 nucleotides [6]. Although 
lncRNAs do not encode proteins, it has been 
found that lncRNAs play an essential regulatory 
role in many diseases (including cardiovascular 
diseases) through functioning as sponges of 
miRNAs [7]. For example, lncRNA Hox transcript 
antisense intergenic RNA (HOTAIR) is reported 
to protect against myocardial infarction through 
negatively regulating the expression of miR-
519d-3p [8]. LncRNA ZNFX1 antisense RNA 1 
(ZFAS1) and CDR1AS were differentially 
expressed in acute myocardial infarction 
patients, indicating that lncRNA ZFAS1 and 
CDR1AS might be biomarkers of acute 
myocardial infarction [9]. In myocardial I/R injury, 
lncRNA urothelial cancer associated 1 (UCA1) 
regulates cardiomyocyte apoptosis through 
sponging miR-143 [10].  
 
Previous studies have reported the role of long 
intergenic non-protein coding RNA (LINC-ROR) 
in cardiovascular diseases [11,12]. Jiang et al 
found that LINC-ROR was elevated in 
hypertrophic heart and cardiomyocytes, and the 
hypertrophic response was alleviated after the 
downregulation of LINC-ROR [11]. In addition, 
LINC-ROR levels were increased in I/R patients 
and hypoxia/reoxygenation (H/R) 
cardiomyocytes. Elevated LINC-ROR decreased 
cell viability and increased apoptosis, thereby 
aggravating myocardial I/R injury [12]. 
Nevertheless, the underlying mechanism of 
LINC-ROR in myocardial I/R injury remains 
unknown.  
 
Therefore, the objective of this study was to 
investigate the underlying mechanism of LINC-
ROR modulation of myocardial I/R injury and 
search for promising therapeutic targets. 
 
EXPERIMENTAL 
 
Cell culture and H/R injury model 
establishment 
 
Rat cardiomyocytes (H9C2 cells) were acquired 
from the American Type Culture Collection 

(ATCC) and cultured using Dulbecco's Modified 
Eagle Medium (DMEM) plus 10 % fetal bovine 
serum (FBS) (Gibco, Carlsbad, CA, USA) at 37 
°C cell incubator with 5 % CO2. To establish the 
H/R model, H9C2 cells were maintained in 
serum-free and sugar-free medium in a 37 °C 
cell incubator with 94 % N2, 1% O2, and 5 % CO2 
for 24 h, following by transferring to DMEM plus 
10 % FBS and maintained in a 37 °C, 5 % CO2 
atmosphere for 3 h. 
 
Quantitative real-time polymerase chain 
reaction (qRT-PCR) 
 
Total RNA in H9C2 cells was extracted using 
TRIzol (Sigma, St Louis, MO, USA). 
Complementary DNA (cDNA) was produced 
utilizing Mir-X miRNA First-Strand Synthesis Kit 
(Takara, Beijing, China), and qPCR was 
conducted using SYBR™ Green PCR Master 
Mix (Thermo Fisher Scientific, Waltham, MA, 
USA). The primers for LINC-ROR, miR-129-5p, 
and Hook3 are shown in Table 1. β-actin and U6 
were used as reference genes. Data analysis 
were conducted by 2-ΔΔCt. 
 
Cell transfection 
 
The negative control of shRNA, shRNA of LINC-
ROR, LINC-ROR overexpressed plasmid, and 
shRNA of Hook3 were produced by 
GenePharma (GenePharma, Shanghai, China). 
H9C2 cells were plated into 6-well plates at a 
density of 5 × 105 per well and cultured for 24 h. 
Then, H9C2 cells were transfected with shRNA 
negative control, shRNA of LINC-ROR, LINC-
ROR overexpressed plasmid, or shRNA of 
Hook3 utilizing Lipofectamine 3000 (Thermo 
Scientific, Waltham, MA, USA) following the 
manufacturer’s protocol. After 48 h, the H9C2 
cells were used for subsequent experiments. 
 
3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay  
 
H9C2 cells were seeded into 96-well plates at 2 
× 104 cells per well and maintained at 37 °C, in a 
5 % CO2 atmosphere for 24 h. Then, 10 μL of 
MTT (Sigma-Aldrich, St. Louis, MO, USA) was 
added to each well. The cells were maintained in 
a 37 °C cell incubator with 5 % CO2 for 4 h. 
 

 
       Table 1: Sequences of the primers for PCR 
 

Gene name Forward Reverse
LINC-ROR 5’-AAGGGTGTGAACCTTCCTGG-3’ 5’-GCTCGACCCCAAACTTCAGA-3’ 
miR-129-5p 5’-ACCCAGTGCGATTTGTCA-3’ 5’-ACTGTACTGGAAGATGGACC-3’ 
Hook3 5’-TTCGGCAACAGAATGATGAAC-3’ 5’-AGTTAAGAAAGGCCAACGCAG-3’ 
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Subsequently, 100 μL DMSO was added to 
H9C2 cells to dissolve crystallization. Cell 
viability was calculated based on the absorbance 
at 490 nm. 
 
Flow cytometry 
 
H9C2 cells were collected and treated using 
phosphate-buffered saline (PBS). Cells were 
resuspended using 1 × binding buffer after 
centrifugation was performed. The cells were 
then treated with 5 μL of Annexin V-FITC and 10 
μL of propidium iodide (PI) (BD Biosciences, San 
Jose, CA, USA) in the dark for 15 min, following 
by detection of the proportion of apoptotic cells 
through flow cytometry (BD, San Jose, CA, 
USA). 
 
Luciferase assay 
 
The wild and mutant LINC-ROR and wild and 
mutant 3’-UTR of Hook3 were cloned into the 
pGL3 vector (Promega, Madison, WI, USA). The 
wild LINC-ROR, mutant LINC-ROR, wild Hook3 
3’-UTR, mutant Hook3 3’-UTR, control mimics, or 
miR-129-5p mimics were transfected into H9C2 
cells. After 48 h, luciferase activity was 
determined using a microplate reader. The 
relative luciferase activity was measured after 
normalization.  
 
RNA pull-down assay 
 
Biotinylated-LINC-ROR and biotinylated negative 
control (Bio-NC) probes were produced in 
RiboBio (Guangzhou, China). The LINC-ROR 
probe was then incubated with Streptavidin C-1 
beads (Thermo Fisher Scientific, Waltham, MA, 
USA) at 25 °C for 2 h to produce probe-coated 
beads. The cell lysates of H9C2 cells were 
harvested and mixed with the beads for 12 h at 4 
°C. After washing with wash/binding buffer, the 
miRNA adsorbed on the beads was eluted and 
quantitated using qRT-PCR assay. 
 
Western blotting  
 
Total proteins in H9C2 cells were isolated using 
RIPA (Thermo Scientific, Waltham, MA, USA) 
and quantified using BCA methods. Proteins 
were separated by SDS-PAGE gels, transferred 
onto PVDF membrane, then blocked for 1 h 
using 4 % skim milk, followed by probing with 
anti-Hook3 (1:500), p-AKT (1 : 500), AKT (1 : 
500), p-mTOR (1 : 500), mTOR (1 : 500), and β-
actin (1 : 2000) antibodies (Abcam, Cambridge, 
UK) at 4 °C for 12 h. The membranes were 
further incubated with IgG H&L (HRP) antibody 
(Abcam, Cambridge, UK). β-actin was 
designated as the reference protein. The bands 

were visualized using ECL Ultra Western HRP 
Substrate (Sigma, St Louis, MO, USA) and then 
quantified using Image J software. 
 
Statistical analysis 
 
Statistical analysis was conducted utilizing SPSS 
Statistics (version 22.0, Chicago, IL, USA). Data 
are shown as mean ± standard deviation (SD). 
Group differences were compared using 
Student’s t-test and one-way ANOVA with LSD 
post hoc test. All experiments were performed at 
least 3 times. The p < 0.05 was identified as 
statistically significant. 
 
RESULTS 
 
LINC-ROR knockdown alleviates H/R-induced 
cardiomyocyte injury 
 
To determine the influence of LINC-ROR on H/R-
induced cardiomyocyte injury, the expression of 
LINC-ROR in H9C2 cells treated using H/R was 
determined using qRT-PCR. Long intergenic 
non-protein coding RNA (LINC-ROR) was 
elevated in H9C2 cells with H/R treatment (p < 
0.01, Figure 1 A). Then, knockdown of LINC-
ROR was performed and verified using qRT-
PCR. Two shRNAs of LINC-ROR significantly 
down-regulated LINC-ROR expression (p < 0.05, 
Figure 1 A). Because the shRNA 1 of LINC-ROR 
knocked down LINC-ROR expression with 
greater efficiency than shRNA 2 of LINC-ROR 
(Figure 1 A), shRNA 1 of LINC-ROR was used 
for subsequent experiments. The H9C2 cells 
treated using H/R presented decreased cell 
viability (p < 0.01), while transfection with shRNA 
of LINC-ROR to knock down LINC-ROR 
increased cell viability (p < 0.01, Figure 1 B). 
Furthermore, H/R injury induced H9C2 cell 
apoptosis (p < 0.01, Figure 1 C). However, 
knockdown of LINC-ROR decreased the 
proportion of apoptotic H9C2 cells induced by 
H/R (p < 0.01, Figure 1 C). Thus LINC-ROR 
knockdown reduced H/R-induced cardiomyocyte 
injury. 
 
LINC-ROR acts as miR-129-5p sponge 
 
LncRNAs were demonstrated to regulate disease 
development through modulating gene 
expression by acting as miRNA sponges. Hence, 
LINC-ROR might alleviate H/R-induced 
cardiomyocyte injury by acting as miRNA 
sponges. Bioinformatics analysis found that 
LINC-ROR might bind to miR-129-5p. The 
sequence of the potential sites by which LINC-
ROR might target miR-129-5p is shown in Figure 
2 A. To confirm whether LINC-ROR bound to 
miR-129-5p, a luciferase reporter experiment 
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was performed. Results showed that miR-129-5p 
mimics remarkably reduced the activity of wild 
LINC-ROR reporter (p < 0.01) but did not affect 
the mutant LINC-ROR reporter (Figure 2 B). 
Besides, RNA knock-down results showed higher 
enrichment of miR-129-5p by LINC-ROR probe 
(p < 0.01, Figure 2 C). Furthermore, miR-129-5p 
in H9C2 cells treated by H/R was significantly 
decreased (p < 0.01), which was partly reversed 
after LINC-ROR knockdown (p < 0.01, Figure 2 
D). Hence, LINC-ROR serves as the miR-129-5p 
sponge. 
 
LINC-ROR promotes Hook3 expression by 
functioning as the sponge of miR-129-5p 
 
The target genes of miR-129-5p were 
investigated using TargetScan 
(http://www.targetscan.org). Hook3 was a 
putative target of miR-129-5p, and the sequence 
of the potential binding region are presented in 
Figure 3 A. Luciferase reporter experiments 
demonstrated that miR-129-5p mimics 
significantly decreased the activity of wild 3’-UTR 
of Hook3 reporter (p < 0.01), but did not affect 
the mutant 3’-UTR of Hook3 reporter (Figure 3 
B). Besides, miR-129-5p mimics significantly 
repressed Hook3 level (p < 0.01), and miR-129-
5p inhibitor increased Hook3 levels (p < 0.01, 
Figure 3 C). Furthermore, upregulated LINC-
ROR promoted Hook3 expression (p < 0.01), 
which was abolished by miR-129-5p mimics (p < 
0.01, Figure 3 D). Hence, these results suggest 
that LINC-ROR promotes Hook3 expression 
through serving as the miR-129-5p sponge. 
 

 
 
Figure 1: Down-regulation of LINC-ROR alleviates 
H/R-induced cardiomyocyte injury. A. The expression 
of LINC-ROR was determined using qRT-PCR in 
H9C2 cells treated with H/R and transfected with 
shRNA of LINC-ROR. B. Cell viability of H/R-treated 
H9C2 cells with down-regulation of LINC-ROR was 
determined using MTT assay. C. Apoptosis of H/R-
treated H9C2 cells with down-regulation of LINC-ROR 
was evaluated using flow cytometry. *P < 0.05; **p < 
0.01 

 

 
 
Figure 2: LINC-ROR acts as a sponge for miR-129-
5p. A. The sequence of the potential binding sites of 
LINC-ROR and miR-129-5p are presented. B. 
Luciferase assay was used to investigate the 
relationship between LINC-ROR and miR-129-5p. C. 
RNA knock-down assay was performed to study 
whether LINC-ROR bound to miR-129-5p. D. QRT-
PCR was used to determine the expression of miR-
129-5p in H/R-treated H9C2 cells with the down-
regulation of LINC-ROR. **P < 0.01 
 

 
 
Figure 3: LINC-ROR regulates Hook3 expression via 
functioning as the sponge for miR-129-5p. A. The 
sequence of the potential binding sites of miR-129-5p 
and Hook3 are presented. B. Luciferase assays were 
performed to explore the relationship between miR-
129-5p and Hook3. C. The protein level of HooK3 in 
H9C2 cells transfected with miR-129-5p mimics and 
inhibitor was determined using western blot. D. The 
protein level of HooK3 in H9C2 cells transfected with 
LINC-ROR overexpressing plasmid and miR-129-5p 
mimics was detected by western blot. **P < 0.01 
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LINC-ROR regulates H/R injury and 
PI3K/Akt/mTOR pathway activation via 
regulating Hook3  
 
To investigate the mechanism underlying the 
effect of LINC-ROR on regulation of H/R injury, 
the H/R-induced H9C2 cells were transfected 
with LINC-ROR overexpression plasmid and 
shRNA of Hook3. The MTT results showed that 
the viability of H9C2 cells overexpressing LINC-
ROR was decreased (p < 0.01), but this effect 
was reversed by decreased Hook3 expression (p 
< 0.01, Figure 4 A). Furthermore, cell apoptosis 
was induced by overexpression of LINC-ROR (p 
< 0.01), but this effect was also reversed by 
decreased Hook3 expression (p < 0.01, Figure 4 
B). Moreover, overexpression of LINC-ROR 
increased the expression of Hook3 (p < 0.01) – 
an effect that was reversed by decreased Hook3 
expression (p < 0.01, Figure 4 C). 
Overexpression of LINC-ROR also increased p-
AKT/AKT and p-mTOR/TOR ratios (p < 0.01), 
but this effect was reversed by the down-
regulation of Hook3 expression (p < 0.01, Figure 
4 C). Therefore, LINC-ROR regulates H/R-
induced cardiomyocyte injury and the 
PI3K/Akt/mTOR pathway via regulation of 
Hook3. 
 

 
 
Figure 4: LINC-ROR regulates PI3K/Akt/mTOR 
pathway via regulating Hook3. A. MTT assay was 
conducted to determine the cell viability of H/R-treated 
H9C2 cells with overexpression of LINC-ROR and 
down-regulation of Hook3. B. Apoptosis of H/R-treated 
H9C2 cells with overexpression of LINC-ROR and 
down-regulation of Hook3 was determined using flow 
cytometry. C. The protein levels of Hook3, p-AKT, 
AKT, p-mTOR, and mTOR in H/R-treated H9C2 cells 
with overexpression of LINC-ROR and down-
regulation of Hook3 were determined using western 
blot. **P < 0.01 
 

DISCUSSION 
 
Myocardial ischemia/reperfusion (I/R) is a 
complicated clinical issue, usually leading to 
systolic cardiac dysregulation, arrhythmias, heart 
failure, and myocardial infarction [1,4]. Thus, it is 
essential to study the underlying mechanism of 
I/R injury and search for prospective curative 
strategies. Long intergenic non-protein coding 
RNA (LINC-ROR) regulates myocardial I/R 
injury, but the potential mechanism of action 
remains unknown. 
 
To explain the mechanism of LINC-ROR in 
myocardial I/R injury, an H/R cell model was 
established. Long intergenic non-protein coding 
RNA (LINC-ROR) was elevated in H9C2 cells 
after H/R treatment, which is consistent with 
previous work [12] reporting that LINC-ROR was 
up-regulated in I/R patients and H/R 
cardiomyocytes [12]. After the down-regulation of 
LINC-ROR in H/R-treated H9C2 cells, cell 
viability was increased, and cell apoptosis was 
decreased. These findings were consistent with a 
previous study demonstrating that 
cardiomyocytes’ cell viability was suppressed 
using H/R, but that this effect could be reversed 
by decreasing LINC-ROR expression [12]. 
Furthermore, Zhang et al reported that 
knockdown of LINC-ROR decreased cell 
apoptosis in cardiomyocytes with H/R treatment 
[12]. Nevertheless, whether LINC-ROR regulated 
IR injury via acting as a competitive endogenous 
RNA (ceRNA) was not reported in the study 
conducted by Zhang et al. 
 
LncRNAs usually act as ceRNAs to participate in 
disease progression via serving as sponges of 
miRNAs. For instance, Yang et al. reported that 
LINC-ROR increased the radiotherapy resistance 
of human colorectal cancer through sponging 
miR-145 [13]. Thus, potential target miRNAs of 
LINC-ROR were screened to determine the 
underlying mechanism whereby LINC-ROR 
regulates H/R-induced cardiomyocyte injury. 
According to the results in this study, LINC-ROR 
bound to miR-129-5p and negatively regulated 
miR-129-5p expression. This miRNA has been 
found to participate in the regulation of 
cardiovascular diseases [14,15]. Xiao et al 
showed that miR-129-5p improved cardiac 
function in the rat chronic heart failure model via 
targeting HMGB1 [14]. Furthermore, Chen et al 
showed that miR-129-5p moderated myocardial 
I/R injury via regulating HMGB1 [15]. 
 
In this study, the target of miR-129-5p was also 
investigated. The results revealed that Hook3 
was targeted by miR-129-5p, and miR-129-5p 
negatively modulated Hook3 expression. 
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Interestingly, the expression of Hook3 was 
positively regulated by LINC-ROR while serving 
as the sponge of miR-129-5p. Hook3 is an 
adaptor for microtubule-dependent intracellular 
vesicle and protein trafficking [16]. Hook3 
mediated the beneficial effect of miR-496 on H/R 
injury [17].  
 
Similarly, results found that LINC-ROR exerted 
protecting effects on cell viability and cell 
apoptosis in H9C2 cells after H/R treatment 
through regulating Hook3 expression in this 
study. Hence, LINC-ROR promotes Hook3 
expression through serving as miR-129-5p 
sponge and alleviates H/R-induced 
cardiomyocyte injury via regulating Hook3. 
Furthermore, results in the study revealed that 
overexpression of LINC-ROR activated 
PI3K/Akt/mTOR pathway via regulating Hook3. 
Accumulating evidence shows that the 
PI3K/Akt/mTOR signaling activation was critical 
for protecting against myocardial I/R injury [18]. 
Based on the above evidence, LINC-ROR might 
regulate the expression of Hook3 via sponging 
miR-129-5p, thereby prompting PI3K/Akt/mTOR 
signaling and attenuating H/R injury. Therefore, 
LINC-ROR was a critical molecule in myocardial 
I/R injury, making it a promising target for 
myocardial I/R injury therapy. 
 
CONCLUSION 
 
Long intergenic non-protein coding RNA (LINC-
ROR) increases in cardiomyocytes treated with 
H/R. Down-regulation of LINC-ROR alleviates 
myocardial I/R injury via the miR-129-5p/Hook3 
axis, making LINC-ROR a prospective target for 
myocardial I/R injury therapy. 
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