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a b s t r a c t

Background: Tenascin-C (TNC) has been found to abnormally express in myocardial ischemia/reperfusion
injury (MI/RI), but its effect on cardiomyocytes apoptosis is unknown and is worthy of investigation.
Methods: H9C2 cells were given hypoxia/reoxygenation (H/R) treatment to obtain the replica of MI/RI
in vitro. The effect of H/R on viability, apoptosis and inflammation was studied by CCK-8 assay, flow
cytometry, mitochondrial membrane potential (MMP) and Ca2þ measurements as well as enzyme linked
immunosorbent assay. We applied bioinformatics analysis and luciferase reporter assay to screened and
validated TNC-targeting miR-495-3p which was then mechanistically investigated by quantitative real-
time polymerase chain reaction (qRT-PCR) and Western blot. With the assistance of cell transfection,
rescue assays were conducted.
Results: H9C2 cells showed diminished viability, accelerated apoptosis, elevated tumour necrosis factor
alpha (TNF-a) and interleukin 1 beta (IL-1b), and TNC overexpression in response to H/R induction, while
silencing of TNC partially reversed the effect of H/R treatment on the H9C2 cells. TNC silencing reduced
Ca2þ level and enhanced MMP level in the H/R-stimulated cells. MiR-495-3p targeted TNC and showed a
low expression in the H/R-stimulated cells. The expression of TNC was negatively regulated by miR-495-
3p. Inhibition of miR-495-3p repressed viability and MMP level, and facilitated apoptosis and levels of
Ca2þ, TNF-a and IL-1b in the H/R-stimulated cells. The effect of TNC silencing and miR-495-3p depletion
on H/R-induced cardiomyocyte injury was mutually reversed in vitro.
Conclusion: MiR-495-3p targeted TNC to regulate the apoptosis and inflammation of cardiomyocytes in
H/R induction, which was associated with Ca2þ overload.
© 2022, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
1. Introduction myocardial injury in AMI [3]. A timely opening of the infarct-related
Myocardial infarction has become one of the most common
causes of death worldwide amid an ageing population and changes
in people’s diets, posing a serious threat to human physical and
mental health [1]. Acute myocardial infarction (AMI) is a type of
heart disease mostly as a result of sudden occlusion of the epicar-
dial coronary arteries which causes ischemia and hypoxia in the
myocardium [2]. At present, myocardial injury due to ischemia-
reperfusion may account for nearly 50% cases of the eventual
The Fifth People’s Hospital of
an City, Shandong Province,

se Society for Regenerative

ative Medicine. Production and ho
vessels and restoration of myocardial perfusion are currently the
most effective treatments for this condition [3]. However, the
ischemic myocardium is then re-perfused with blood, resulting in
additional injury, namely myocardial ischemia/reperfusion injury
(MI/RI), such as increased apoptosis, arrhythmias, impaired
myocardial energy metabolism and abnormal hemodynamics,
which exacerbates the damage to myocardial tissues [4]. Therefore,
how to prevent or mitigate MI/RI is one of the current hot issues in
the field of cardiovascular disease research.

Tenascin-C (TNC) is an extracellular matrix glycoprotein that is
ephemerally expressed during embryogenesis, and only at a very
low level in mature organs, unless the expression of TNC is upre-
gulated under specific pathological conditions such as inflamma-
tion, infection, tumor, injury and remodeling [5e7]. TNC have a
significant associationwith the severity of atherosclerosis, and TNC
level significantly increased as the risk of coronary artery disease
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increased [8]. When the heart is attacked by a variety of cardiac
diseases or cardiac injury, the TNC expression will be triggered and
re-expressed [9,10]. TNC expression has been linked to an exag-
gerated repair process after myocardial infarction with reduced
interstitial fibrosis reported in TnC-deficient mice following coro-
nary artery ligation [11]. In addition, TNC inhibits cardiac endo-
thelial cell spreading and enhances migration in response to
angiogenic growth factors [12]. It has been found that TNC was
identified as a gene that is abnormally expressed in MI/RI [13,14]. In
addition, Jin et al. found a correlation between TNC and early
atherosclerosis and vascular injury in a mouse model [15]. But, the
specific mechanism of TNC in the development of MI/RI is poorly
understood.

MicroRNAs (miRNAs) are a class of post-transcriptional regula-
tors that negatively regulate the translation of genes by specifically
binding to their target mRNA [16]. In recent years, extensive studies
have confirmed that miRNAs play a very important regulatory role
in cardiovascular diseases such as myocardial injury, arrhythmias
and vascular lesions [17]. Moreover, a number of miRNAs have now
been currently found to be involved in the process of MI/RI [18e20].
MiR-495-3p is a member of the miRNA family, which is closely
associated with cell apoptosis and inflammatory responses [21,22].
A new study reports that the inhibition of miR-495-3p expression
promotes apoptosis of cardiomyocytes [23].
Fig. 1. The effect of H/R induction on viability, apoptosis and TNC expression in H9C2 cel
Then, flow cytometry was applied to analyze apoptotic cells. (C) ELISA was employed to
performed to detect TNC protein level in H/R-induced H9C2 cells. GAPDH served as an inte
density; TNC, tenascin-C; ELISA, enzyme linked immunosorbent assay; TNF-a, tumour nec
hydrogenase; H/R, hypoxia/reoxygenation.
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Through the analysis of data set GSE160516, we found that MI/RI
treatment would cause differences in gene expression in mice, and
found that TNC was identified as the gene with abnormal expres-
sion of MI/RI, but the specific mechanism remains unclear. There-
fore, we probed into the function of TNC and the interaction of TNC
and miR-495-3p in the apoptosis of cardiomyocytes undergone MI/
RI. As identified in this study, the miR-495-3p/TNC axis is an
important contributor to the damage that occurs in cardiomyocytes
during MI/RI, which provides a theoretical basis for improving in
the clinical treatment of ischemic heart disease and facilitating the
prognosis of patients with AMI.

2. Material and methods

2.1. Cell grouping and treatment

H9C2 cell line (CRL-1446; American Type Culture Collection,
Manassas, VA, USA) derived from rat heart tissues was used as the
subject in this research. The cells were subject to grow in a culture
medium (DMEM, 30-2002, American Type Culture Collection,
Manassas, VA, USA) supplementing 10% fetal bovine serum (FBS,
abs973, Absin, Shanghai, China) in an incubator (37 �C, 5% CO2).
After subculturing, the cardiomyocytes were harvested and seeded
into 6-well plate (2 � 105 cells/well) and then divided into groups
ls. (A) CCK-8 assay was used to measure OD value in H9C2 cells after H/R treatment. (B)
determine the level of inflammatory cytokines (TNF-a, IL-1b). (E) Western blot was
rnal reference. **p < 0.01, ***p < 0.001 vs. CTL. CCK-8, cell counting kit-8; OD, optical
rosis factor alpha; IL-1b, interleukin 1 beta; GAPDH, glyceraldehyde-3-phosphate de-
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Fig. 2. The effect of TNC silencing on viability, apoptosis and MMP of H9C2 cells after H/R treatment. (A) After siTNC transfection, qRT-PCR was performed to detect TNC
expression in H/R-induced cells. GAPDH served as an internal reference. (B) Next, the protein level of TNC was determined by Western blot. GAPDH served as an internal reference.
(C) CCK-8 assay was used to measure the viability of H9C2 cells with TNC silencing after H/R induction. (D) The cell apoptosis was then detected by flow cytometry. (E) The content
of Ca2þ in H9C2 cells was determined by colorimetry after H/R induction or/and TNC inhibition. (F) MMP level in H9C2 cells after TNC inhibition or/and H/R stimulation was
measured by JC-1 MMP assay kit. (G-H) ELISA was employed to determine the level of inflammatory cytokines (TNF-a, IL-1b) in H9C2 cells undergone H/R induction or/and TNC
inhibition. **p < 0.01, ***p < 0.001 vs. H/R þ siNC. CCK-8, cell counting kit-8; qRT-PCR, quantitative real-time polymerase chain reaction; TNC, tenascin-C; GAPDH, glyceraldehyde-
3-phosphate dehydrogenase; ELISA, enzyme linked immunosorbent assay; TNF-a, tumour necrosis factor alpha; IL-1b, interleukin 1 beta; MMP, mitochondrial membrane potential;
H/R, hypoxia/reoxygenation; si, small interfering; NC, negative control.
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of control (CTL), hypoxia/reoxygenation (H/R), H/R þ small inter-
fering RNA against TNC (siTNC), H/R þ siRNA negative control
(siNC), H/R þ miR-495-3p inhibitor (I) þ siTNC, H/R þ I þ siNC, H/
Rþ inhibitor control (IC)þ siTNC and H/Rþ ICþ siNC. Themedium-
cultured cells in H/R groups were stimulated with 95% N2 and 5%
CO2 in a humidified chamber for 6 h (h), followed by exposure to
room air 5% CO2 and 95% O2 for another 6 h, according to the
previous descriptions [24]. After that, the induced cells were re-
suspended and collected for cell counting kit-8 (CCK-8) assay.

2.2. Cell transfection

Subcultured H9C2 cells (2 � 105 cells/well) were required to
incubate into a 6-well plate overnight. Next, siTNC (50-
382
GGUUGGUUACUUCAAUCAAUG-30), miR-495-3p I (50-AAGAA-
GUGCACCAUGUUUGUUU-30, 100 nM, GenePharma, Shanghai,
China), siNC and IC were used to transfect the specified cells by
Lipofectamine 3000 (L3000015, Invitrogen, Carlsbad, CA, USA)
ahead of cell treatment. Thereafter, quantitative real-time poly-
merase chain reaction (qRT-PCR) was carried out for TNC or miR-
495-3p expression verification.

2.3. Bioinformatics analysis and luciferase reporter assay

MiRNAs possibly targeting TNC were predicted by three data-
bases of miRDB (http://mirdb.org/miRDB/index.html), Targetscan
(http://www.targetscan.org/vert_71/) and microT (http://www.
microrna.gr/microT), and all data were illustrated in the form of a

http://mirdb.org/miRDB/index.html
http://www.targetscan.org/vert_71/
http://www.microrna.gr/microT
http://www.microrna.gr/microT
mailto:Image of Fig. 2|tif


Fig. 3. MiR-495-3p targeted TNC in H9C2 cells. (A) Candidate miRNAs targeting TNC were screened out by miRDB (http://mirdb.org/miRDB/index.html), Targetscan (http://www.
targetscan.org/vert_71/) and microT (http://www.microrna.gr/microT). (B) The binding sites between miR-495-3p and TNC were predicted by Starbase. (C) Dual luciferase reporter
assay was employed to investigate the interaction between miR-495-3p and TNC. (D) The expression of miR-495-3p in H9C2 cells after H/R induction was determined by qRT-PCR.
U6 served as an internal reference. **p < 0.01 vs. CTL; ^̂ ^p < 0.001 vs. MC. qRT-PCR, quantitative real-time polymerase chain reaction; TNC, tenascin-C; H/R, hypoxia/reoxygenation;
CTL, control; MC, mimic control; M, miR-495-3p mimic; WT, wild-type; MUT, mutant-type.
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Venn diagram. After literature comparisons, we selected miR-495-
3p among 15 screened candidate miRNAs to be used for follow-up
studies.

Given the binding sites predicted by Starbase, we then con-
ducted luciferase reporter assay to validate this target relationship.
We used Vectors (E1330, Promega, Madison, WI, USA) to create
wild-type of TNC (TNC-WT, 50-GGAUGUACAGGGGUAGUUUGUUU-
30) and mutant-type of TNC (TNC-MUT, 50-GGAUGUACAGGGGUA-
CUUCGUUU-30) which were then independently co-transfected
with miR-495-3p mimic (M) and miR-495-3p mimic control (MC)
into H9C2 cells (5 � 104 cells/well, 24-well plates) using Lipofect-
amine 3000. Afterwards, relative luciferase activity was measured
by Dual-Luciferase Reporter Assay System (E1910, Promega, USA)
according to the technical manual.

2.4. Western blot

The total protein of H9C2 cells were lysed using RIPA Buffer
(AR0105) and measured the concentration of lysate by BCA Protein
Assay Kit (AR1189A). The protein sample was separated by sodium
dodecyl sulfate polyacrylamide gel electrophoresis and transferred
onto the PVDF membranes (AR0136-02) which were subsequently
submerged in Blocking Buffer (AR0174) for 1 h at room tempera-
ture, and then were incubated with primary antibodies of TNC
(ab108930, 1/1000, 241 kDa, Abcam, Cambridge, UK) and Glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH, ab9484, 1/10000,
Abcam, UK) at 4 �C overnight. Afterwards, the membranes were
incubated with Goat Anti-Rabbit IgG (ab205718, 1/2000, Abcam,
383
UK) and Goat Anti-Mouse IgG (ab205719, 1/2000, Abcam, UK) at
room temperature for 2 h iBright Imaging System (CL750, Invi-
trogen, USA) and ECL Substrates (AR1191) were used to develop
protein bands. GAPDH served as the internal control. All reagent
products used were supplied by Boster Biological Technology
(China).

2.5. RNA isolation and qRT-PCR

H9C2 cells undergone different treatments were isolated total
RNA with Extraction Reagent (RE001, Synthgene, Nanjing, China).
The extract was treated with SuperScript One-Cycle cDNA Kit
(A10752030, ThermoFisher, Waltham, MA, USA) to synthesize
cDNAs. QRT-PCR was subsequently conducted using YBR Premix Ex
Taq II (RR820A, Takara, Tokyo, Japan) in the Real-Time PCR System
(MX3000P, Stratagene, Santa Clara, CA, USA). The mRNA levels for
TNC and miR-495-3p were calculated by 2�DDCt method [25], with
GAPDH or U6 using for normalization. All primers employed for
amplification as follows:

TNC, forward: 50-TTTGCCCTCACTCCCGAAG-3’; reverse: 50-
AGGGTCATGTTTAGCCCACTC-30

GAPDH, forward: 50-CTCCTCCACCTTTGACGCTG-3’; reverse: 50-
TCCTCTTGTGCTCTTGCTGG-30

miR-495-3p, forward: 50-GCGAAACAAACATGGTGC-3’; reverse:
50-GCAGGGTCCGAGGTATTC-30

U6, forward: 50-CTCGCTTCGGCAGCACA-3’; reverse: 50-
AACGCTTCACGAATTTGCGT-30

mailto:Image of Fig. 3|tif
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2.6. CCK-8 assay

After H/R induction, the cell viability of H9C2 cells was deter-
mined using CCK-8 Kit (96992, Sigma-Aldrich, St. Louis, MO, USA).
100 ml cell suspensionwas added into a 96-well plate (1� 104 cells/
well) and incubated for 24, 48 or 72 h, and then 10 ml CCK-8 solution
was added and co-incubated for 2 h at 37 �C of 5% CO2. The optical
density (OD) value was detected at 450 nm using a microplate
reader (MR-96A, Mindary, Shenzhen, China).

2.7. Flow cytometry

After 48 h of H/R-induction treatment, we applied Annexin V-
FITC/PI Apoptosis Detection Kit (E-CK-A211, Elabscience, Wuhan,
China) to stain H9C2 cells before apoptosis determination. First, the
cells were required to adjust the density to 1 � 105 cells/ml. After
centrifugation and re-suspension, 5 ml Annexin V-FITC and 5 ml PI
were subjected to stain the cells for 15min (min) in the dark. Lastly,
the stained cells were run on a flow cytometer (Attune NxT, Ther-
moFisher, USA) for detecting apoptotic H9C2 cells.

2.8. Measurement of Ca2þ concentration

Following interference with TNC or/and miR-495-3p, the con-
centration of Ca2þ in H/R-induced H9C2 cells were measured with
the employment of Calcium Colorimetric Assay Kit (S1063S, Beyo-
time, Shanghai, China). In brief, Sample Lysis Buffer was used to
mixed with the cells thoroughly in a 6-well plate, and the lysate
was collected after a 5-min centrifugation at 10,000 rpm. Then,
150 ml o-cresolphthalein complexone solution was prepared and
added into each well at room temperature, followed by a 10-min
incubation. After reading absorbance at 575 nm by the MR-96A
reader, Ca2þ concentration was calculated according to the
protocol.

2.9. Mitochondrial membrane potential (MMP) assay

MMP changes in H/R, H/R þ siNC, H/R þ siTNC, H/R þ IC þ siNC,
H/R þ IC þ siTNC, H/R þ I þ siNC and H/R þ I þ siTNC after 48 h
were determined by MMP Kit (with JC-1) (E-CK-A301, Elabscience,
China). Briefly, the induced cells (1 � 105 cells/ml) were washed
with Phosphate-Buffered Saline (PBS, C0221A, Beyotime, China)
and re-suspended after centrifugation. 500 ml JC-1 staining solution
was used to treat the cells for 15min at 37 �C. After that, the stained
cells were performed centrifugation and rinsed with precooled
1 � JC-1 Assay Buffer twice. Lastly, the flow cytometer was applied
for detection within 30 min.

2.10. Enzyme linked immunosorbent assay (ELISA)

Levels of tumour necrosis factor alpha (TNF-a) and interleukin 1
beta (IL-1b) in H9C2 cells undergone H/R induction or/and cell
transfectionwere determined using Rat ELISA Kit (ER1393, ER1094,
Fig. 4. MiR-495-3p played a regulatory effect on viability, apoptosis and MMP of H/R-ind
R-induced cells transfected with miR-495-3p inhibitor or siTNC or both of themwere determ
assay was conducted to detect OD value for evaluating cell viability. (D) Also, the apoptosis of
induced H9C2 cells was determined by colorimetry after interference with TNC or/and m
interfered with TNC or/and miR-495-3p. (G-H) ELISA was employed to determine the level
with TNC or/and miR-495-3p. *p < 0.05, **p < 0.01, ***p < 0.001 vs. H/R þ IC þ siNC; ^̂ p < 0.0
CCK-8, cell counting kit-8; OD, optical density; qRT-PCR, quantitative real-time polymerase
ELISA, enzyme linked immunosorbent assay; TNF-a, tumour necrosis factor alpha; IL-1b, inte
si, small interfering; NC, negative control; IC, inhibitor control.
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FineTest, Wuhan, China). Briefly, the collected cells were diluted
with Sample Dilution Buffer and incubated in the ELISA microplate
at 37 �C for 90 min, followed by adding Biotin-labeled Antibody.
After 1 h, the cells in each well were treated with 100 ml HRP-
Streptavidin Conjugate for 30 min and 90 ml TMB Substrate for
20 min, in sequence. The absorbance at 450 nmwas read using the
MR-96A reader immediately when the cells were added with Stop
Solution.

2.11. Statistical analysis

Measurement data was demonstrated as the mean ± standard
deviation and analyzed with Software GraphPad Prism 8.0
(GraphPad Software, USA). Independent samples t-test was used to
compare the differences between two groups. One-way analysis of
variance was applied for the comparison of multiple groups.
P < 0.05 was defined as a statistically significance.

3. Results

3.1. H/R treatment inhibited the viability but promoted the
apoptosis, inflammation and TNC expression of cardiomyocytes

As shown in Fig.1A, the OD valuewas decreased at 48 h and 72 h
of H/R-induced H9C2 cells, compared to CTL group (p < 0.01). In
view of the significantly inhibiting effect of H/R treatment on cell
viability at 48 h, we selected 48 h as the induction time in the
subsequent experiments. The apoptosis of H/R-induced H9C2 cells
was significantly intensified compared with CTL group (Fig. 1B,
p < 0.001). Besides, levels of TNF-a and IL-1b in the cells were
considerably up-regulated after H/R treatment (Fig. 1C and D,
p < 0.001). Moreover, Western blot measured that comparing to
CTL group, TNC protein level was elevated in the cells treated with
H/R (Fig. 1E, p < 0.01).

3.2. TNC silencing ameliorated the inflammation-mediated injury of
cardiomyocytes induced by H/R

To figure out the role of TNC in MI/RI, we transfected siTNC into
H9C2 cells followed by H/R treatment. The results of qRT-PCR
identified that the mRNA level of TNC was strikingly suppressed
in H/R þ siTNC group compared to the group of H/R þ siNC (Fig. 2A,
p < 0.001). Consistently, the protein level of TNC which was
determined by Western blot showed the same result (Fig. 2B,
p < 0.01). Subsequently, CCK-8 assay detected that the viability of
H9C2 cells in the H/R environment was robustly improved by siTNC
(Fig. 2C, p < 0.01). In contrast, the cell apoptotic was decreased
by siTNC, with H/R induction (Fig. 2D, p < 0.001). As shown in
Fig. 2E, the peak level of Ca2þwas lower in the group of H/Rþ siTNC
than that in the group of H/R þ siNC (p < 0.001). Additionally, TNC
silencing significantly increased MMP in H/R-induced cells (Fig. 2F,
p < 0.001). Also, the enhanced levels of TNF-a and IL-1b by H/R
treatment was reversed after down-regulating TNC in the cells
(Fig. 2G and H, p < 0.001).
uced H9C2 cells by targeting TNC. (A-B) The expressions of miR-495-3p and TNC in H/
ined by qRT-PCR. U6 or GAPDH served as an internal reference. (C) Subsequently, CCK-8
specified cells with H/R was assessed by flow cytometry. (E) The content of Ca2þ in H/R-
iR-495-3p. (F) JC-1 MMP assay kit was used to measure MMP of H/R-induced cells
of inflammatory cytokines (TNF-a, IL-1b) in H/R-induced H9C2 cells after interference
1, ^̂ ^p < 0.001 vs. H/R þ IC þ siTNC; #p < 0.05, ##p < 0.01, ###p < 0.001 vs. H/R þ I þ siNC.
chain reaction; TNC, tenascin-C; GAPDH, glyceraldehyde-3-phosphate dehydrogenase;
rleukin 1 beta; MMP, mitochondrial membrane potential; H/R, hypoxia/reoxygenation;
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3.3. MiR-495-3p directly targeted TNC in cardiomyocytes

As illustrated in Fig. 3A, Venn diagram screened out 15 miRNAs
that potentially targeted TNC in cardiomyocytes by overlapping the
data resulted from miRDB, Targetscan and microT databases. After
precisely investigation, we obtained the predicted binding sites
between miR-495-3p and TNC by Starbase (Fig. 3B). The result of
luciferase assay confirmed that TNC was targeted by miR-495-3p
given that miR-495-3p overexpression visibly inhibited luciferase
activity in the cells with TNC-WT (Fig. 3C, p < 0.001). Also, miR-
495-3p expression was decreased in H/R-induced H9C2 cells
(Fig. 3D, p < 0.01).

3.4. MiR-495-3p depletion blunted the protecting effect of TNC
silencing on H/R-induced cardiomyocytes

To unveil the regulatory mechanism of miR-495-3p in MI/RI and
its effect on TNC, we transfected miR-495-3p inhibitor or co-
transfected miR-495-3p inhibitor and siTNC into H9C2 cells fol-
lowed by H/R induction. As Fig. 4A presented, miR-495-3p inhibitor
remarkably diminished miR-495-3p expression in the group of H/
R þ I þ siNC, and also reduced miR-495-3p expression in the group
of H/R þ I þ siTNC (p < 0.001). Interestingly, qRT-PCR detected that
miR-495-3p inhibitor considerably up-regulated TNC expression in
H9C2 cells treated with H/R in comparing to H/Rþ ICþ siNC group,
and the reduction of TNC expression caused by siTNC was partially
reversed by additional transfection of miR-495-3p inhibitor
(Fig. 4B, p < 0.01). According to the following rescue experiments,
miR-495-3p depletion impaired viability (Fig. 4C, p < 0.01), accel-
erated apoptosis (Fig. 4D, p < 0.01), elevated the peak level of Ca2þ

(Fig. 4E, p < 0.001), reduced the level of MMP (Fig. 4F, p < 0.05) and
increased TNF-a and IL-1b levels (Fig. 4G and H, p< 0.01) in the cells
undergone H/R treatment, which were all counteracted by TNC
silencing (Fig. 4CeH, p < 0.05). Likewise, the promoting effect of
TNC silencing on the viability and MMP level and the inhibiting
effect of TNC silencing on the apoptosis and Ca2þ, TNF-a and IL-1b
levels in the H/R-induced cells were reversed by miR-495-3p in-
hibitor (Fig. 4Ce H, p < 0.001).

4. Discussion

MI/RI is a complicated pathological process that includes cell
apoptosis, inflammatory response, impaired function of mito-
chondrial membranes, dysregulation of nitric oxide metabolism,
endothelial cell dysfunction, and the generation of reactive oxygen
species (ROS) [26]. Cell apoptosis, known as programmed cell
death, occurs in many physiological or pathological processes
which is regulated by a variety of genes and multi-level substances,
and which plays a vital role in the healthy development of em-
bryonic tissues and the maintenance of the steady state of organs
[27]. Previously, it has been shown that apoptosis is a major destiny
of cardiomyocytes undergone MI/RI, as well as is one of the main
factors affecting the outcome of reperfusion in AMI [28,29]. In
addition, animal experiments by Shiroto et al. proved that inhibi-
tion of cardiomyocyte apoptosis strikingly attenuated MI/RI [30]. In
this study, we gave H9C2 cells H/R treatment to obtain the replica of
MI/RI in vitro, and determined cell viability and apoptosis. As a
result, H9C2 cells presented diminished viability and increased
apoptosis in response to H/R induction. Previously, we found that
72 h ischemia-reperfusion treatment resulted in differential gene
expression inmice through analysis of the dataset GSE160516. After
selecting the top 5 genes for online search and analysis, TNC was
found to be significantly aberrantly expressed in MI/RI [31].
Expectedly, we verified its overexpression in H/R-induced H9C2
cells in this study, moreover, silencing of TNC promoted the
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viability and inhibited the apoptosis of H/R-treated H9C2 cells, it
indicated that TNC silencing alleviates H/R induced myocardial cell
injury.

After reperfusion of the ischemic myocardium, although the
blood supply is restored, the increased production of ROS and the
overload of calcium ions during ischemia inevitably lead a cascade
of inflammatory responses in the cardiomyocytes, eventually trig-
gering the apoptotic program [32]. MI/RI-induced inflammatory
response has been confirmed to further exacerbate myocardial
injury [33]. In the in vitro study of MI/RI, pro-inflammatory cyto-
kines including IL-6, TNF-a and IL-1bwere expressed at high levels
in H/R-induced cardiomyocytes [34]. In myocardial injury, TNF-a
has been found to contribute to cardiomyocyte injury by inducing
infiltration of a huge number of neutrophils into the myocardium
[35]. Additionally, IL-1b has been proven to function as a pivotal
role in ROS accumulation in H/R-induced cardiomyocytes by acti-
vating arachidonic acid and recruiting neutrophils [36]. In this
study, we found that both upregulations of TNF-a and IL-1b in H9C2
cells after H/R induction, and silencing of TNC inhibited level of
TNF-a and IL-1b in H/R-treated H9C2 cells. Taken together, it is
suggested that silencing of TNC inhibitingmyocardial apoptosis and
inflammation could be an effective strategy for the alleviation of
MI/RI.

Recently, Tong et al. found that TNC thriving was responsible for
neuronal apoptosis and inflammation after subarachnoid hemor-
rhage [37]. Later, TNC was reported to play a immunomodulatory
role in the inflammation-driven cardiomyopathy [38]. Mitochon-
dria play a role in cell apoptosis by regulating the release of cyto-
chrome C and ROS [39]. During the MI/RI, mitochondria undergo
ATP shortage and catabolism which causes an imbalance in MMP,
thereby resulting in the opening of the mitochondrial permeability
transition pore (mPTP) and the release of cytochrome C to activate
apoptosis [40]. In the other hand, Ca2þ overload in cardiomyocytes
caused by the dysfunction of mitochondria has been considered as
one of classic onsets of MI/RI [41,42]. In our study, we found that
TNC silencing not only significantly ameliorated apoptosis and
enhanced viability and MMP of H9C2 cells after H/R induction but
also reduced the level of Ca2þ, TNF-a and IL-1b, indicating that
suppressing TNC could exert a protecting effect on MI/RI by
repairing mitochondria to suppress apoptosis and inflammatory
response.

Previous studies have shown that some miRNAs are abnormally
expressed in myocardial tissue and can be involved in physiological
processes such as cardiomyocyte apoptosis [43,44]. For example,
the study of Luo et al. concluded that the expression of miR-495-3p
was significantly depleted in rats with MI/RI, and long noncoding
RNA nuclear paraspeckle assembly transcript 1 (LncRNA NEAT1)
exacerbated MI/RI by down-regulating miR-495-3p expression
[23]; miR-181c-5p exacerbates H/R-induced cardiomyocyte
apoptosis via targeting protein tyrosine phosphatase nonreceptor
type 4 (PTPN4) [24]. In order to gain further insight into the specific
mechanisms involved in the process of MI/RI by TNC, we combined
three databases to screen potential upstream miRNAs of TNC, and
investigated each of these candidates in the relevant literature.
Consistently, we corroborated the target relationship betweenmiR-
495-3p and TNC by dual luciferase assay, as well as verified the low
expression of miR-495-3p in H9C2 cells after H/R treatment. Be-
sides, the further research revealed that in H/R-induced cells, miR-
495-3p depletion remarkably up-regulated the expression of TNC,
which was overturned with the addition of TNC silencing. Thus, we
speculated that miR-495-3p could engage in the apoptosis and
inflammation of cardiomyocytes during MI/RI by targeting TNC.
The current results of rescue experiments demonstrated that miR-
495-3p depletion reversed the protecting effect of TNC silencing on
H/R-induced H9C2 cells by increasing apoptosis and reducing
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viability. It has been reported that miRs show a close relation with
cell injury and Ca2þ overload during MI/RI, miR-214 protects the
mouse heart from ischemic injury by controlling Ca2þ overload and
cell death [45]; in addition, dexmedetomidine alleviates MI/RI and
Ca2þ overload via the miR-346-3p/CaMKIId axis [42]. In this study,
we found that inhibition of miR-495-3p increased Ca2þ, TNF-a and
IL-1b levels and decreased MMP level and it reversed the effect of
TNC silencing on the H/R-induced H9C2 cells.

5. Conclusions

In conclusion, our study unveiled that miR-495-3p depletion
targeting TNC facilitated the injury of H/R-induced cardiomyocytes
through promoting apoptosis and inflammation, which might be
mediated by Ca2þ overload-driven mitochondrial dysfunction.
Furthermore, it is revealed that miR-495-3p could serve as a po-
tential marker to monitor the progression of MI/RI, and TNCmay be
a novel target gene for alternative cardioprotective strategies.
However, the inadequacy of this study is that the detection of miR-
495-3p/TNC axis functioning in vivowas not considered, which we
will improve in the next stage of study.
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