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a b s t r a c t

Myocardial ischemia is the major cause of morbidity and mortality due to cardiovascular diseases. This
disease is a severe stress condition that causes extensive biochemical changes which trigger cardiac cell
death. Stress conditions such as deprivation of glucose and oxygen activate the endoplasmic reticulum in
the cytoplasm of cells, including cardiomyocytes, to generate and propagate apoptotic signals in response
to these conditions. microRNAs (miRNAs) are a class of small non-coding RNAs that mediate posttran-
scriptional gene silencing. The miRNAs play important roles in regulating cardiac physiological and path-
ological events such as hypertrophy, apoptosis, and heart failure. However, the roles of miRNAs in
reactive oxygen species (ROS)-mediated injury on cardiomyocytes are uncertain. In this study, we iden-
tified at the apoptotic concentration of H2O2, miR-26a expression was increased. To determine the poten-
tial roles of miR-26a in H2O2-mediated cardiac apoptosis, miR-26a expression was regulated by a miR-
26a or an anti-miR-26a. Overexpression of miR-26a increased apoptosis as determined by upregulation
of Annexin V/PI positive cell population, caspase-3 activity and expression of pro-apoptotic signal mole-
cules, whereas inhibition of miR-26a reduced apoptosis. We identified GSK3B as a direct downstream tar-
get of miR-26a. Furthermore, miR-26a attenuated viability and increased caspase-3 activity in normal
cardiomyocytes. This study demonstrates that miR-26a promotes ROS-induced apoptosis in cardiomyo-
cytes. Thus, miR-26a affects ROS-mediated gene regulation and cellular injury response.

� 2012 Elsevier Inc. All rights reserved.
1. Introduction death and apoptosis [6,7]. Previously, we have reported that ROS
Cardiovascular disease is one of the most prevalent diseases in
both developed and developing countries, with high morbidity and
a high risk of death. Cardiac myocyte cell death and apoptosis by
ischemia/reperfusion (I/R) are important pathological phenomena
in the heart [1]. During the ischemic period, ROS including super-
oxide, H2O2 and hydroxyl radicals are found in the myocardium
[2,3]. Many studies of cardiac cell types, including cardiomyocytes,
vascular smooth muscle cells, endothelial cells, and fibroblasts,
have shown that a common denominator, ROS, is involved in car-
diovascular diseases [4,5]. I/R generates ROS, and increasing ROS
is a key factor in various cardiomyocyte responses, including cell
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induced apoptosis in cultured cardiomyocytes [8].
miRNAs are a class of small non-coding RNAs, derived from

endogenous small hairpin precursors. MicroRNAs regulate gene
expression by binding to the 30-untranslated regions (30-UTRs) of
specific mRNAs for transcript degradation or translational repres-
sion [9,10]. Recently, the study of miRNAs renovates our under-
standing about gene regulation in cardiac physiology and
pathology [11,12]. Many such studies have demonstrated that
miRNAs can regulate cardiac apoptosis [13,14]. The first evidence
for the role of miRNAs in cardiomyocyte apoptosis was found using
miR-1 and miR-133, where miR-1 has a pro-apoptotic effect and
miR-133 has an anti-apoptotic effect in response to oxidative
stress [15]. Also, miR-1 regulates cardiomyocyte apoptosis, which
is involved in post-transcriptional repression of Bcl-2 and IGF-1
[16,17]. As opposite function of miR-1 and miR-133, miR-21,
miR-29, miR-30, and miR-199a are anti-apoptotic miRNAs, and
miR-195 and miR-320 are pro-apoptotic miRNAs [13,14].

A previous study demonstrated that miR-26a is abundantly ex-
pressed in rat hearts and decreased in ischemic preconditioning
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(IP) [18]. Although, miR-26a initiated cell apoptosis in cancer cells
[19,20], the role of miR-26a in cardiomyocytes remains unclear.
Particularly, the role of miR-26a in cardiomyocyte apoptosis has
not yet been studied.

Therefore, our research focused on the effect of miR-26 expres-
sion by ROS in cardiomyocytes and determined whether miR-26a
regulated ROS-induced cardiomyocyte apoptosis. Our data sug-
gests that miR-26a may be a new therapeutic target for ischemic
heart diseases.
2. Material and methods

2.1. Isolation of rat ventricular cardiomyocytes

All experimental procedures for animal studies were approved
by the committee for the care and use of laboratory animals,
Yonsei University College of Medicine, and performed in accor-
dance with the committee’s guidelines and regulations for animal
care (NIH Publication No. 85-23, revised 1996). We isolated and
purified neonatal rat cardiomyocytes by previously described
methods [21]. Briefly, 1–2 days old Sprague Dawley rat pups were
anesthetized with ether in batches of five at a time. Using micro-
dissecting scissors, hearts were minced to pieces of approximately
1 mm3 and the ventricles were washed with Dulbecco’s phos-
phate-buffered saline solution (PBS, pH 7.4, Gibco BRL) free from
Ca2+ and Mg2+. The tissues were washed with PBS, and enzymati-
cally digested with 10 ml of collagenase II (0.8 mg/ml, 262 units/
mg, Gibco BRL) for 5 min at 37 �C. The supernatant was then re-
moved, and the tissue was treated with fresh collagenase II solu-
tion for an additional 5 min. The cells in the supernatant were
transferred to a tube containing cell culture medium (a-MEM con-
taining 10% fetal bovine serum, Gibco BRL). The tubes were centri-
fuged at 1200 rpm for 4 min at room temperature, and the cell
pellets were resuspended in 5 ml of cell culture medium. The
above procedures were repeated 7–9 times until little tissue re-
mained. The cell suspensions were collected and incubated in
100 mm tissue culture dishes for 1–3 h to reduce fibroblast con-
tamination. The non-adherent cells were collected and seeded to
achieve a final concentration of 5 � 105 cells/ml. After incubation
for 4–6 h, the cells were rinsed twice with cell culture medium
and 0.1 lM 5-Bromo-20-deoxyuridine (BrdU) was added. The sup-
plement BrdU is recommended to culture in order to increase the
purity of cardiomyocytes. The cells were then cultured with 10%
(v/v) FBS in a CO2 incubator at 37 �C.
2.2. Treatment of cells with hydrogen peroxide

After cell isolation, we incubated cardiomyocytes for one day.
The cells were further incubated with a-MEM containing 0.1%
FBS. And then various concentrations of H2O2 were added to the
medium and incubated with the cells for an indicated time. For
negative controls, cells were incubated with the medium alone
for equivalent amounts of time.
2.3. Cell viability assay

Cell viability was measured using the CCK assay kit (Dojindo,
Japan). Cardiomyocytes were seeded at the density of 5 � 103 cells
per well of 96-well plates. These cells were incubated with varying
concentrations of H2O2 for 6 h in 0.1% a-MEM. The CCK assay kit
was diluted with 0.1% a-MEM and then 100 ll was added to each
well and incubated for 2 h at 37 �C. The absorbance of the samples
was measured at 450 nm using a microplate reader against a back-
ground control.
2.4. Measurement of caspase-3 activity

Relative caspase-3 activity was determined using the fluorimet-
ric Homogeneous Caspases Assay according to the manufacturer’s
instructions (Roche, Swiss). Cells were cultured in microplates,
and apoptotic stimuli were applied, causing activation of caspases.
The caspase substrate, pre-diluted in incubation buffer, was added
and incubated for 2 h at 37 �C for cell lysis. Free R110 was deter-
mined fluorimetrically at max = 521 nm. The amount of developed
fluorochrome was proportional to the concentration of activated
caspases and could be quantified by a calibration curve.

2.5. Annexin V/PI staining

Cardiomyocytes were cultured in a 4-well culture dish
(1 � 104 cells/well) and pretreated with a control medium or med-
ia containing varying concentrations of H2O2 for 6 h. The dishes
were washed with ice-cold PBS for 5 min and fixed with 4% forma-
lin for 10 min. After being blocked with the Annexin-binding buffer
at 500 ll, the cells were stained with Annexin V-FITC at room tem-
perature in the dark for 15 min. The dishes were washed with ice-
cold PBS, stained with PI and diluted with Annexin-binding buffer
at room temperature in the dark for 5 min. The number of Annexin
V/PI-positive cells was counted under a fluorescence microscope.

2.6. Western blot

Cardiomyocytes were washed once in PBS and lysed in lysis buf-
fer (Cell Signaling Technology, Inc.) containing 20 mM Tris (pH
7.5), 150 mM NaCl, 1 mM Na2EDTA, 1 mM EGTA, 1% Triton,
2.5 mM sodium pyrophosphate, 1 mM b-glycerophosphate, 1 mM
Na3VO4, 1 mg/ml leupeptin, and 1 mM PMSF. Protein concentra-
tions were determined using the BCA protein assay kit (Pierce).
Proteins were separated in a SDS–polyacrylamide gel and trans-
ferred to the PVDF membrane (Millipore Co, Bedford). After block-
ing the membrane with Tris-buffered saline–Tween 20 (TBS-T, 0.1%
Tween 20) containing 5% non-fat dried milk for 1 h at room tem-
perature, the membrane was washed twice with TBS-T and incu-
bated with primary antibodies for 1 h at room temperature or
overnight at 4 �C. The membrane was washed three times with
TBS-T for 10 min and then incubated for 1 h at room temperature
with horseradish peroxidase (HRP)-conjugated secondary antibod-
ies. After extensive washing, the bands were detected by enhanced
chemiluminescence (ECL) reagent (Santa Cruz Biotechnology). The
band intensities were quantified using the Photo-Image System
(Molecular Dynamics, Sweden).

2.7. MicroRNA transfection

Transfections of miRNA mimics were performed using
siLentFect™ Lipid reagent (Life Science Research). Mature miR-
26a and miR-control (Genolution Pharmaceuticals, Inc., Korea)
used a final concentration of 100 nM, and for miR-26a knockdown,
anti-miR-26a and anti-miR-control (Genolution Pharmaceuticals,
Inc.) was added to the transfection complexes at a final concentra-
tion of 20 nM. After 4–6 h incubation in a CO2 incubator at 37 �C,
the medium was changed to conditioned a-MEM.

2.8. Real-time PCR

Total RNA was isolated with the mirVana™ RNA Isolation Kit or
Tripure isolation reagent (Roche Applied Science). In brief, 10 ng
purified total RNA was used for reverse transcription (Taqman�

MicroRNA Reverse Transcriptase Kit, Applied Biosystems) in
combination with Taqman� MicroRNA Assays for quantification
of specific miRNAs and U6 control transcripts, according to the
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manufacturer’s conditions. Amplification and detection of specific
products were performed in a Light Cycler 480 II (Roche) at 95 �C
for 10 min, followed by 40 cycles of 95 �C for 15 s and 60 �C for
60 s. The threshold cycle (Ct) of each target gene was automatically
defined, located in the linear amplification phase of the PCR, and
normalized to control U6 (DCt value). The relative difference in
expression levels of each miRNA in cardiomyocytes (DDCt) was cal-
culated and presented as fold induction (2�DDCt).
2.9. Luciferase reporter assay

The predicted target gene of miR-26a was retrieved using a
publicly available database (TargetScan, www.targetscan.org). We
synthesized the 30-UTR of GSK-3b which were 1260 nt long and
contained the predicted binding sites for miR-26a. The control se-
quences containing several mutated bases within the binding sites
were also synthesized. The corresponding genes were then cloned
into the pmirGLO vector. HeLa was plated at 1 � 105 in 12-well for-
mat. After 24 h, the pmirGLO vector containing the GSK-3b binding
site for miR-26a was co-transfected with the negative control using
Lipofectamine 2000. The Renilla luciferase was used to normalize
the cell number and the transfection efficiency. Luciferase activity
was measured by the Dual Luciferase assay (Promega) according to
the manufacturer’s instructions after 24 h on the luminometer.
Each assay was repeated three times.
Fig. 1. miR-26a expression in apoptotic cardiomyocytes. (A) Real-time PCR analysis of
showed that exchanged specific miRNA expression in H2O2-induced cardiomyocytes com
dependent treatment of H2O2 for 6 h. U6 was used for normalization. Values are the ave
⁄p < 0.001 compared with control.)
2.10. Statistical analysis

Results are expressed as mean ± SEM. Statistical analyses were
as performed using Student’s t-test. Relationships were considered
statistically significant when p values were less than 0.05.
3. Results

3.1. miR-26a expression in apoptotic cardiomyocytes

To determine which miRNA was closely related with ROS-
induced cardiac apoptosis, we used real-time PCR to determine
miRNA levels in normal cardiomyocytes. As shown in Fig. 1A, nor-
mal cardiomyocytes highly expressed miR-1, 26a, 133a, and 145.
Also, we evaluated miRNA expression profiles of neonatal and
adult heart samples and obtained similar results in heart tissue
samples (data was not shown). Next, to assess the expression of
miRNAs by apoptotic H2O2 concentration, cardiomyocytes were
exposed to 100 lM H2O2 for a short time (6 h), and the expression
of miRNAs was determined by real-time PCR. At the apoptotic con-
centration of H2O2, miR-1, miR-26a, and miR-133a expressions
were increased, whereas miR-145 expression did not change
(Fig. 1B). Among upregulated miRNAs, miR-26a was increased in
H2O2-stimulated cardiomyocytes in a dose-dependent manner
compared to the control (Fig. 1C).
miRNA expression in normal neonatal cardiomyocytes. (B) Real-time PCR analysis
pared to controls. (C) Expression of miR-26a increased cardiomyocytes with dose-

rage of triplicate determinations with the SD indicated by error bars. (#p < 0.05 and

http://www.targetscan.org


Fig. 2. The effect of miR-26a on ROS-induced cardiac apoptosis. (A) Cardiomyocytes were transfected with miR-control, miR-26a (100 nM), anti-miR-control, or anti-miR-26a
(20 nM) for 4 h. miR-26a expression levels were determined 24 h later using real-time PCR. miR-control and anti-miR-control were used for control transfections. (B) Cultured
cardiomyocytes pre-treated with miR-26a, or anti-miR-26a were then treated with H2O2 (100 lM) for 6 h. Cell viability was determinate by the CCK assay. (C) Representative
AnV and PI stained cell photographs, and their merged photographs from cells treated with miR-26a, or anti-miR-26a in H2O2-treated cardiomyocytes. Apoptotic
cardiomyocytes induced by H2O2 treatment stained with Annexin V (AnV)/PI and observed under a fluorescence microscope. The samples were analyzed for green
fluorescence (AnV) and red fluorescence (PI): early apoptotic cells, AnV-FITC positive and PI negative; necrotic or late apoptotic cells, both AnV-FITC and PI positive; dead
cells, AnV-FITC negative and PI positive. (D) Cultured cardiomyocytes treated with miR-26a, or anti-miR-26a. The effect of miR-26a on normal cardiomyocyte viability was
assessed by the CCK assay. (⁄p < 0.001 compared with control.).

J.H. Suh et al. / Biochemical and Biophysical Research Communications 423 (2012) 404–410 407
3.2. Modulation of miR-26a expression in cardiomyocytes

In order to determine the role of miR-26a in apoptosis, cardio-
myocytes were transfected with miR-26a or anti-miR-26a. Cardio-
myocytes were divided into the following 5 groups: control
(untransfected cells), miR-control, miR-26a, anti-miR-control, and
anti-miR-26a groups. All of these groups were subjected to the
transfection procedures. As shown in Fig. 2A, miR-26a increased
miR-26a expression in cardiomyocytes, and anti-miR-26a de-
creased miR-26a expression, while their control oligonucleotides
had no effect.

3.3. The effect of miR-26a on ROS-induced cardiac apoptosis

To further demonstrate the role of miR-26a, cardiomyocytes
were introduced with either miR-26a or anti-miR-26a and then



Fig. 3. The effect of miR-26a on ROS-induced apoptosis signaling. (A) Cardiomyocytes were transfected with miR-26a, or anti-miR-26a and then treated with H2O2 for 6 h.
Caspase-3 activity was determined using the Homogeneous Caspase Assay. (B) Representative immunoblots of cleaved caspase-3 from cells treated with miR-26a, or anti-
miR-26a. (C) Western blotting was performed to determine Bax and Bcl-2 protein levels in cardiomyocytes. (D) The effect of miR-26a on normal cardiomyocyte apoptosis was
assessed by caspase-3 activity assay. (#p < 0.05 and ⁄p < 0.001 compared with control.)
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incubated in 100 lM H2O2 for 6 h. Unlike miR-26a, anti-miR-26a
attenuated H2O2-induced cardiac death in the CCK assay
(Fig. 2B). The miR-26a further enhanced AnV/PI staining positive
cells, whereas anti-miR-26a reduced (Fig. 2C). Next, we questioned
whether miR-26a promotes cell death in normal cardiomyocytes.
Fig. 2D shows that overexpression of miR-26a attenuated viability
in normal cardiomyocytes. These effects of H2O2 on apoptosis were
significantly increased by the miR-26a.

3.4. The effect of miR-26a on the apoptosis signaling pathway

While miR-26a enhanced caspase-3 activity, anti-miR-26a de-
creased caspase-3 activity in H2O2-induced cardiomyocytes
(Fig. 3A). Through cleaved caspase-3 detection, the positive effect of
miR-26a was confirmed (Fig. 3B). Also, pro-apoptotic Bax protein level
was increased, but anti-apoptotic Bcl-2 protein level was decreased by
miR-26a, whereas anti-miR-26a lead to opposite results (Fig. 3C). Fur-
thermore, miR-26a expression increased caspase-3 activity in normal
cardiomyocytes (Fig. 3D). Thus, these results indicate that miR-26a
promotes apoptosis in H2O2-stimulated cardiomyocytes.

3.5. Prediction of target of miR-26a

Numerous genes have putative target sites of miR-26a in
their 30-UTR. Thus, we searched for predictive targets of miR-
26a using the online software Targetscan (http://www.target-
scan.org/), where a more negative Targetscan score indicates a
higher likelihood of being a miR-26a target. Among these pre-
dicted genes, anti-apoptosis, proliferation, or growth-related
genes were predicted for miR-26a targets. The GSK-3b is in-
volved in the process of cell anti- and pro-apoptosis, then miR-
26a induces smooth muscle hypertrophy by suppressing GSK-
3b [22,23]. The GSK-3b 30-UTR contains one putative miR-26a
seed site which bound with imperfect complementation
(Fig. 4A). To determine if miR-26a targets GSK-3b, we applied
the luciferase report gene assay using the pmirGLO luciferase re-
porter. Firstly, we constructed a reporter vector containing a
consensus miR-26a-binding site within the 30-UTR as a positive
control. After we co-transfected this reporter plasmid into HeLa
with miR-26a or its control miR-control, we found that luciferase
activity significantly decreased in the HeLa transfected with miR-
26a, whereas it was increased with anti-miR-26a. These data
indicate miR-26a can suppress expression of transcripts contain-
ing an exact miR-26a-binding site by our luciferase reporter as-
say (Fig. 4B). Expression level of GSK-3b protein was
downregulated in cardiomyocytes treated with miR-26a, whereas
it was increased in cardiomyocytes transfected with anti-miR-
26a (Fig. 4C). For this reason, we suggest that miR-26a induced
apoptosis in H2O2-stimulated cardiomyocytes by post-transcrip-
tional regulation of GSK-3b.
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4. Discussion

ROS are an important cause of heart diseases. ROS also regulates
transcription factor activation, gene expression, cell growth, and
apoptosis. The concentration-dependent apoptotic phenotype in-
duced by H2O2 in neonatal rat cardiac myocytes is similar to
previous reports, which showed the same process in adult rat ven-
tricular myocytes and H9C2 [24,25]. Also, this study showed that a
high level of ROS promotes cardiomyocyte apoptosis, caspase-3
activity, cleaved caspase-3, and Bax/Bcl2 ratio.

In the cardiovascular field, miRNAs are known to be fundamen-
tal targets for regulating the expression of genes that govern
physiological and pathological myocardial adaptation to stress. Re-
cently, several reports have revealed important roles of miRNAs in
heart failure [11,12]. During the adaptive response of the heart to
stress stimuli, microarray analyses have shown upregulated,
downregulated, or unchanged miRNA expression compared to that
in a normal heart [26]. Moreover, differential regulation of subsets
of miRNAs has been shown to characterize various etiologies. We
further found that miR-1, miR-26a, miR-133a, and miR-145 were
abundant in normal neonatal cardiomyocytes, which is similar to
rat neonatal and adult hearts. These miRNAs were also among
the enriched miRNAs in the human heart, consistent with a
previous report [27].

miRNAs have been shown to regulate the cardiac apoptosis pro-
gram [13,14]. The functional study reveals that overexpression of
miR-320 enhances apoptosis in cardiomyocytes, whereas
knockdown of miR-320 can attenuate cell death upon ischemia/
reperfusion [28]. Programmed cell death4 (PDCD4) is also a direct
target of miR-21 [29]. miR-199a inhibits hypoxia-inducible factor
(HIF)-1a and its stabilization of p53, thereby reducing apoptosis
Fig. 4. GSK-3b 30-UTR regulates target gene expression. (A) A schematic shows that the 5
site within the 30-UTR of GSK-3b mRNA. (B) miR-26a, anti-miR-26a or its control was co
binding site into HeLa. All cells were harvested at 24 h after transfection, and then lucife
blotting was performed to determine GSK-3b protein levels in cardiomyocytes. Three
mean ± S.D. (⁄p < 0.001 compared with control)
[30]. miR-1 participates in the activation of apoptosis by reducing
the expression levels of heat shock protein-60 and heat shock
protein-70, whereas miR-133 antagonizes apoptosis by repressing
caspase-9 expression [15]. Also, miR-1 regulated cardiomyocyte
apoptosis, which is involved in post-transcriptional repression of
Bcl-2 and IGF-1 [16,17]. miR-195 promotes palmitate-induced
apoptosis in cardiomyocytes by targeting Sirt1, a known anti-apop-
totic protein [31]. miR-1 and miR-133 is abundantly expressed in
mouse, rat and human hearts and regulated in heart disease
including arrhythmia and cardiac hypertrophy [32,33]. In our re-
sults, expression level of miR-1 and miR-133a increased by apop-
totic stimuli. At the apoptotic concentration of H2O2, miR-26a
expression was increased similarly to that of miR-1 and miR-133.

miR-26a is abundantly expressed in rat and human hearts
[18,27] and decreased in ischemic preconditioning (IP). Also, the
role of miR-26a has been studied in several cancer cells. miR-26a
initiated cell apoptosis through both extrinsic and intrinsic path-
ways with caspase-8 and caspase-9 activation, respectively, in
breast cancer cells [19]. In nasopharyngeal carcinoma (NPC) cell
line C666-1 cells, ionizing radiation (IR)-induced apoptosis was
dependent on ROS, and exogenous expression of miR-26a led to
significant toxicity in cells [20]. However, the role of miR-26a in
cardiac apoptosis is not clear. In the present study, miR-26a is
abundantly expressed in cardiomyocytes and increased in an apop-
totic concentration of H2O2. Also, specific miR-26a promotes H2O2-
induced cardiomyocyte apoptosis.

The modulating ability of miRNAs is due to their activity in re-
pressed translation of target mRNAs. Thus, the search for miR-26a
target mRNA merits further study to determine its role in cardiac
apoptosis. Its target genes may be anti-apoptotic, growth, or prolif-
eration-related genes. It was shown previously that EZH2 and
0 end of miR-26a contains a sequence complementary to the specific miRNA binding
-transfected with the specific pmirGLO construct containing a consensus miR-26a-
rase activities were measured and normalized to the Renilla activities. (C) Western

independent transfection experiments were done and data was represented as
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GSK3B are targets of miR-26a, which induced apoptosis and hyper-
trophy in cancer cells and airway smooth muscle cells, respectively
[19,20,23]. Also, miR-26b which has the same seed sequence as
miR-26a, targets SLC7A11 and results in induced apoptosis in hu-
man breast cancer [34]. Previously, GSK-3b inhibits cell death
caused by the extrinsic apoptotic pathway. Extrinsic apoptotic sig-
naling, activated by cell damage, is inhibited by GSK-3b by facilita-
tion of signals that cause disruption of mitochondria and by
regulation of transcription factors that control the expression of
anti- or pro-apoptotic proteins [22]. Moreover, GSK-3b regulation
by miR-26a has been recently reported in human airway smooth
muscle [31]. To test whether GSK-3b is a miR-26a target gene in
cardiomyocytes, we have confirmed that H2O2 decreases GSK-3b
expression in cultured cardiomyocytes [35,36]. miR-26a is able to
bind to GSK-3b and regulate its expression directly using a con-
struct in which a fragment of the 3 its exprGSK-3b mRNA with
the putative miR-26a binding sequence. This result indicates that
GSK-3b is indeed a functional target gene of miR-26a that is in-
volved in miR-26a-mediated pro-apoptotic effect on cardiomyo-
cyte injury elicited by H2O2.

In other studies on the apoptotic stimulus in animal models of
heart diseases, the pathophysiological functions of miR-1 and
miR-133 have potential clinical implication [33,34]. Our study
illustrates the role of miR-26a as pro-apoptotic modulator in the
regulation of GSK-3b. Future studies, especially in ischemia/reper-
fusion models, are necessary to validate the possible therapeutic
use of miR-26a regulation.

This study has shown that miRNAs are expressed specifically in
various cell types or tissues. Also, miR-26a promotes apoptosis via
the caspase-3 pathway in cardiomyocytes. Thus, miR-26a may be a
new apoptotic miRNA in cardiomyocytes.
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