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Abstract: MicroRNAs are small non-coding RNAs that are able to regulate gene expression and play important roles 
in some biological and pathological processes, including the myocardial ischemia/reperfusion (I/R) injury. Recent 
findings demonstrated that miR-1 exacerbated I/R-induced injury. This study was to investigate theanti-apoptotic 
property of miR-1 inhibition and the potential regulatory mechanism. Results showed miR-1 expression reduced in 
the heart of rats undergoing myocardial I/R and the cardiomyocytes receiving hypoxia/reoxygenation (H/R) injury, 
but the serum miR-1 expression increased. The targets of miR-1 were predicted by cDNA microarray, and Bcl-2 and 
GADD45β were selected as candidate targets. Western blot assay and qPCR showed Bcl-2 and GADD45β protein 
and mRNA expressions increased after I/R injury and H/R injury. Bcl-2 was a direct target of miR-1 as shown in pre-
vious studies. Luciferase assay and Western blot assay revealed GADD45β was a direct target of miR-1, and miR-1 
suppressed GADD45β expression via binding to its 3’UTR. Furthermore, miR-1 inhibition increased Bcl-2 expression 
and reduced IA/AAR (infarct area/area at risk) ratio and cell apoptosis in rats undergoing myocardial I/R as well as 
in cardiomyocytes receiving H/R injury. Importantly, Bcl-2 knockdown restored these consequences following miR-1 
inhibition. However, GADD45β knockdown reduced IA/AAR ratio and cell apoptosis in vivo and in vitro, but failed 
torestore above consequences after miR-1 inhibition. In conclusion miR-1 inhibition protects against H/R-induced 
apoptosis of myocytes by directly targeting Bcl-2 but not GADD45β.
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Introduction

A variety of pathological processes, including 
myocardial ischemia/reperfusion (I/R) injury 
may cause hypoxia/reoxygenation (H/R), result-
ing in cellular injury and death [1, 2]. Accumu- 
lating evidence shows that myocardial I/R inju-
ry may induce myocyte apoptosis [3, 4], indicat-
ing that apoptosis plays an important role  
in the development of myocardial diseases. 
Therefore, the control of apoptosis might be a 
potential strategy for the treatment of myocar-
dial I/R injury.

MicroRNAs (miRNAs) are a conserved family  
of small (~22 nt) non-coding RNA molecules 

that are able to regulate gene expression at the 
post-transcriptional level [5]. They can bind to 
the 3’untranslated region (3’UTR) of a target 
mRNA via the complementarity, and the extent 
of the base pair between miRNA and its target 
results in target mRNA cleavage or translation 
repression [5-7]. A previous study showed that 
approximately 60% of protein-coding genes 
were controlled by miRNAs [8], suggesting that 
miRNAs participate in a large number of biologi-
cal processes, including cell growth, apoptosis 
and differentiation [9, 10]. Studies have dem-
onstrated that miRNAs play crucial roles in the 
development of myocardial diseases, including 
myocardial I/R injury [11]. For example, inhibi-
tion of miR-92a suppresses the I/R-induced 

http://www.ajtr.org


miR-1 inhibition attenuates apoptosis of cardiomyocytes

1953	 Am J Transl Res 2015;7(10):1952-1962

cardiomyocytes apoptosis by targeting Smad7 
[12]; miR-15b promotes H/R-induced apoptosis 
of cardiomyocytes by down-regulating Bcl-2 
through the mitochondrial pathway [13]; miR-1 
enhances myocardial I/R injury through increas-
ing myocyte apoptosis in mouse models [14], 
indicating that miR-1 inhibition hasa therapeu-
tic potential for the myocardial I/R injury. The 
present study was to investigate the effect of 
miR-1 inhibition on the I/R (H/R) induced apop-
tosis of myocytes both in vivo and in vitro, and 
to elucidate the potential regulatory mecha-
nism. Here, we showed that miR-1 expression 
decreased in rats undergoing myocardial I/R 
injuryas well as in cardiomyocytes exposed to 
H/R, while miR-1 inhibition showed protective 
effects against I/R (H/R) induced apoptosis of 
myocytes. Bcl-2 and GADD45β were found to 
be two targets of miR-1, and Bcl-2, but not 
GADD45β, could mediate the effects of miR-1 
on the I/R or H/R injury.

Materials and methods

Cell culture and transfection

Rat cardiomyocytes H9c2 and HL-1 cells were 
maintained in Dulbecco’s modified Eagle’s 
medium (DMEM, Gibco) containing 10% fetal 
bovine serum (FBS, Gibco), 100 U/ml penicillin 
and 100 µg/ml streptomycinat 37°C with 5% 
CO2. miR-1 ASO and miR-1 mimics were intro-
duced into cells in the presence of Lipofecta- 
mineTM 2000 (Invitrogen) at a final concentra-
tion of 100 nM and 40 nM, respectively.

I/R injury model

Adult Sprague-Dawley (SD) rats (280±20 g, 
n=21) were randomly divided into I/R group, 
sham group and control group. Rats were anes-
thetized intraperitoneally with chloral hydrate 
at 3 µl/g. The I/R injury model was establish- 
ed.

H/R of H9c2 cardiomyocytes

Treated H9c2 cells were maintained in medium 
containing 1% FBS (low serum medium) fol-
lowed by exposure to hypoxia (94% N2, 5% CO2 
and 1% O2) for 6 h. Then, the medium was 
refreshed with 10% FBS-containing medium 
and cells were incubated in an environment 
with 95% air and 5% CO2 for reoxygenation for 
12 h. Cells under normoxic conditions served 
as a control.

RNA isolation and qPCR

Total RNAs were extracted from cardiac tissues 
or cardiomyocytes using Trizol reagent (Invitro- 
gen) according to the manufacturer’s instruc-
tions. Then, 500 ng of RNA was used for reverse 
transcription using the Reverse transcriptase 
and oligo (dT) or specific miR-1 primers. β-actin 
was used as an internal control to normalize 
Bcl-2 and GADD45β mRNA expressions, while 
U6 snRNA as an internal control to normalize 
miR-1 expression. Real time PCR was per-
formed using the RealMasterMixkit (SYBR 
Green I) on an ABI 7300 real time system. 
Primers used in reverse transcription reaction 
and real time PCR are listed as follows: miR-1 
reverse transcription primer: 5’-CTCAACTGGT- 
GTCGTGGAGTCGGCAATTCAGTTGAGATACA- 
CAC-3’; U6 reverse transcription primer: 5’- 
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGC- 
ACTGGATACGACAAAATATGGAAC-3’; miR-1 for-
ward primer: 5’-ACACTCCAGCTGGGGTGTGGA 
ATGTA-3’; miR-1 reverse primer: 5’-TGGTGTC- 
GTGGAGTCG-3’; U6 forward primer: 5’-ACACT- 
CCAGCTGGGGTGCTCGCTTCGGCAGCACA-3’: U6 
reverse primer: 5’-AGGGTCCGAGGTATTC-3’; Bcl- 
2 sense: 5’-CGACTTTGCAGAGATGTCCA-3’; Bcl- 
2 antisense: 5’-ATGCCGGTTCAGGTACTCAG-3’. 
GADD45β sense: 5’-GAGGCGGCCAAACTGATG- 
AAT-3’; GADD45β antisense: 5’-CGCAGCAGAA- 
CGACTGGAT-3’; β-actin sense: 5’-GTCCACCGC- 
AAATGCTTCTA-3’, β-actin antisense: 5’-TGCTGT- 
CACCTTCACCGTTC-3’.

Northern blot assay

Total RNAs were isolated using miRNeasy Mini 
Kit (Qiagen) from rat cardiac tissues after I/R. 
The concentration and quality of RNA were 
determined using the NanoDrop ND-2000. 
Then, 10 μg of RNA was separated by 15% 
denaturing polyacrylamide gel Electrophoresis 
(Invitrogen), transferred to nylon membrane 
through a capillary or vacuum blotting system, 
fixed by UV or heat, and finally hybridized with 
labeled probes using UltraHyb-Oligo buffer (Am- 
bion). The membrane was washed in 2× SSC 
buffer (0.1% SDS) and visualized.

cDNA microarray assay

Total RNAs isolated from rat cardiac tissues 
after I/R as well as rat cardiomyocytes after 
H/R were used for cDNA microarray assay with 
the GeneChip® Rat Genome 230 2.0 Array. 
Each sample was performed in triplicates and 
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the value of gene expression represented a 
mean of three experiments.

Western blot assay

Western blot assay was performed to deter-
mine the protein expressions of Bcl-2 and 
GADD45β in rat cardiac tissues and cardio- 
myocytes after I/R and H/R, respectively. Brie- 
fly, cardiac tissues or cardiomyocytes were 
lysed in RIPA buffer (150 mM NaCl, 1.0% NP-40 
or 0.1% Triton X-100, 0.5% sodium deoxycho-
late, 0.1% sodium dodecyl sulphate, 50 mM 
Tris-HCl pH 8.0) containing protease inhibitors. 
Then, 50 µg of protein was separated on a 12% 
sodium dodecyl sulphate-polyacrylamide gele-
lectrophoresis, and transferred onto a PVDF 
membrane which was blocked in 5% milk and 

incubated with mouse anti-Bcl-2 or rabbit anti-
GADD45β antibodies, followed by incubation 
with secondary anti-IgG HRP-conjugated anti-
bodies. Finally, the protein bands were visual-
ized using the enhanced chemiluminescence 
(ECL) kit. GAPDH served as an internal control.

Plasmid construction and luciferase assay

GADD45β 3’UTR containing the binding sites 
for miR-1 was amplified by PCR and inserted 
downstream of the luciferase reporter gene. In 
addition, the mutant GADD45β 3’UTR reporter 
gene in which several nucleotides within the 
binding site were mutated was generated using 
a QuikChange® II Site-Directed Mutagenesis 
Kit (Stratagene) according to the manufactur-
er’s instructions. For luciferase assay, the car-

Figure 1. miR-1 expression is down-regulated in I/R rats and H9c2 cells exposed to H/R. (A, B) miR-1 expression was 
detected by qPCR (A) and Northern blot assay (B) inrats at indicated time points. miR-1 expression decreased in I/R 
rats as compared to sham group. (C) Serum miR-1 expression was detected by qPCR in rats. Serum miR-1 expres-
sion increased in ratsundergoing I/R injury. (D) miR-1 expression was detected in H9c2 cells. U6 was an internal 
control. *P<0.05, **P<0.01.
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diomyocytes were co-transfected with miR-1 
ASO or mimic with reporter gene containing 
wild-type or mutated GADD45β 3’UTR. After 
transfection for 48 h, cells were harvested and 
the luciferase intensity was measured using  
a Dual Luciferase Reporter Gene Assay kit 
according to the manufacturer’s instructions. 
Renilla luciferase intensity served as a control 
to normalize the firefly luciferase intensity.

Terminal deoxynucleotidyl transferase dUTP 
nick end labeling (TUNEL) staining

Apoptotic cells were measured by TUNEL assay 
(Roche) according to the manufacturer’s proto-
cols. Briefly, the treated cardiac tissues or car-
diomyocytes were fixed in 4% methanol free 
HCHO for 20 min at room temperature, perme-
ablized in 3-50 μg/ml PK in PBS or the permea-
bilisation solutionfor 10 min at room tempera-
ture, and finally labelled for 60 min at 37°C in  
a humidified environment indark. After TUNEL 
staining, sections were incubated with DAPI 
solution to stain nuclei for 5 min. Apoptotic 
nuclei were stained red, while normal nuclei- 
blue.

Statistical analysis

All the data are expressed as mean ± standard 
deviation from three independent experiments. 
The difference between two groups was ana-
lyzed by using two-tailed Student’s t-test. A 
value of P<0.05 was considered statistically 
significant.

Results

miR-1 is down-regulated in response to rat 
myocardial I/R injury

To investigate the roles of miR-1 in the respons-
es to myocardial I/R injury, the miR-1 expres-
sion was detected by qPCR in rats of I/R group, 
sham group and control group. As shown in 
Figure 1A, results showed miR-1 expression 
significantly decreased in I/R rats when com-
pared with sham group and control group. 
Similar findings were observed after Northern 
blot assay (Figure 1B). However, the serum 
miR-1 expression increased in I/R rats (Figure 
1C). In addition, miR-1 expression was also 
determined by qPCR in rat myocardiocytes 

Figure 2. Prediction of candidate targets for miR-1. (A) cDNA array was performed to predict targets for miR-1. The 
dysregulated genes are shown in the heat map. “Red” represents up-regulated genes, while green represents down-
regulated genes. (B, C) Bcl-2 and GADD45β protein and mRNA expressions were detected by Western blot assay 
(B) and qPCR (C). Bcl-2 and GADD45β expressions were up-regulated in I/R rats as compared to sham group. (D, E) 
Bcl-2 and GADD45β protein and mRNA expressions were detected by Western blot assay (D) and qPCR (E) in H9c2 
cells. GAPDH and U6 served as internal controls.
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after H/R. In accordance with above results, 
miR-1 expression was down-regulated in myo-
cardiocytes exposed to H/R (Figure 1D).

Prediction of miR-1 targets in rat I/R injury 
model

miR-1 targets were predicted by using cDNA 
microarray assay. Figure 2A showed that the 
expressions of several genes were up-regulat-
ed after I/R or H/R, inverse to the change in 
miR-1 expression. Therefore, genes with up-
regulated expressions were selected as candi-
date targets. Of these genes, Bcl-2 has been 
found as a target of miR-1 in a previous study 
[15]. Western blot assay and qPCR confirmed 
that Bcl-2 and GADD45β protein and mRNA 
expressions significantly increased in I/R rat-
sas compared to sham group (Figure 2B and 
2C). Similar findings were observed in cardio-
myocytes exposed to H/R (Figure 2D and 2E). 
Therefore, we further investigated the relation-
ship between GADD45β expression and miR-1 
expression.

GADD45β is a direct target of miR-1

Figure 3A showed that there was a binding  
site for miR-1 on the 3’UTR of GADD45β mRNA, 
and the seed sequence of miR-1 was conserva-
tive among species. A luciferase reporter gene 
containing GAD45β 3’UTR as well as mutant 
3’UTR were constructed and both had mutated 
binding sites. The luciferase assay was then 
preformed in H9c2 cells co-transfected with 
either miR-1 or miR-1 ASO and wild-type or 
mutant GADD45β 3’UTR construct. As shown 
in Figure 3B, results showed that miR-1 re- 
duced the luciferase intensity controlled by 
GADD45β 3’UTR, while miR-1 inhibition incre- 
ased GADD45β intensity. However, neither 
miR-1 nor miR-1 inhibition affected the intensi-
ty of mutant GADD45β 3’UTR (Figure 3B). 
These results demonstrate that GADD45β is a 
direct target of miR-1. To investigate the effect 
of miR-1 on the GADD45β expression, GADD- 
45β expression was measured by Western blot 
assay in H9c2 cells and HL-1 cells transfected 
with an increasing dose of miR-1 mimics or 

Figure 3. GADD45β is a direct target for miR-1. A. Sequence alignment of rat GADD45β 3’UTR and miR-1. Sev-
eral bases within the binding site were mutated as shown in italic. The seed sequence in miR-1 was conservative 
among species. B. H9c2 cells were co-transfected with either miR-1 or miR-1 ASO and luciferase reporter construct 
controlled by WT or mutant GADD45β 3’UTR. Luciferase assay was performed to detect the effect of miR-1 on the 
intensity of GADD45β 3’UTR. C. H9c2 cells and HL-1 cells transfected with increasing concentrations of miR-1 mim-
ics or ASO were subjected to Western blot assay to determine GADD45β protein expression. GAPDH was employed 
as a loading control. D. Relative GADD45β protein expression in different groups.
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Figure 4. miR-1 inhibition promotes Bcl-2 expression and regulates cardiac infarct area of rats and cardiomyocytes 
apoptosis after I/R or H/R. A. Western blot assay of Bcl-2 protein expression in rats treated with miR-1 ASO, or co-
treated with miR-1 ASO and siRNA against Bcl-2, together with controls. GAPDH wasa loading control. B. Statistical 
analysis of IA/AAR ratio in rats treated with miR-1 ASO, or co-treated with miR-1 ASO and siRNA against Bcl-2. IA, 
infarct area; AAR, area at risk. C. Effects of miR-1 inhibition on the apoptotic cells in cardiac tissues subjected to I/R 
were investigated by TUNEL staining. Graph (below) represents the percentage of apoptotic cells. D. Western blot 
assay of Bcl-2 protein expression in cardiomyocytes transfected with miR-1 ASO, or co-treated with miR-1 ASO and 
siRNA against Bcl-2. GAPDH wasa loading control. E. Effects of miR-1 inhibition on the apoptosis of cardiomyocytes 
subjected to H/R injury were investigated by TUNEL staining. Apoptotic cells were stainedred. *P<0.05.
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miR-1 ASO. As shown in Figure 3C and 3D, 
results showed that miR-1 over-expression 
inhibited GADD45β protein expression in a 
dose-dependent manner, while miR-1 inhibition 
increased it. Taken together, these findings 
indicate that miR-1 directly suppresses GADD- 
45β expression via binding to its 3’UTR.

Silencing of Bcl-2 restores the effects of miR-1 
inhibition on I/R-induced apoptosis

Since Bcl-2 is a target of miR-1, whether Bcl-2 is 
involved in the effects of miR-1 on I/R-induced 
apoptosis was further investigated. Firstly, 
Bcl-2 silencing was confirmed in myocardial I/R 
rats, and found to suppress the increased Bcl-2 
expression following miR-1 inhibition (Figure 
4A). In addition, miR-1 inhibition reduced the 
IA/AAR (infarct area/area at risk) ratio, while 
Bcl-2 knockdown increased it after miR-1 inhi-
bition (Figure 4B). In addition, the apoptotic 
cells in myocardial tissues decreased after 
miR-1 ASO was introduced, while in the pres-
ence of Bcl-2 knockdown and miR-1 ASO, the 
apoptotic cells significantly increased. Second- 
ly, the effect of Bcl-2 on the miR-1-induced 
apoptosis was also examined in H9c2 cells 
exposed to H/R. As shown in Figure 4D, Bcl-2 
knockdown reduced its protein expression fol-
lowing miR-1 inhibition. Moreover, Bcl-2 knock-
down increased apoptotic H9c2 cells that were 
inhibited by miR-1 inhibition. Taken together, 
these results suggest that miR-1 inhibitionpro-
tects myocardium against I/R and H/R injury, 
but Bcl-2 knockdown blocks this effect.

Silencing of GADD45β fails to restore the ef-
fects of miR-1 inhibition on I/R-induced apop-
tosis

Finally, whether GADD45β mediates the effect 
of miR-1 on I/R-induced injury was further 
investigated. GADD45β knockdown was con-
firmed by Western blot assay in myocardial I/R 
rats, and it reduced the increased GADD45β 
protein expression followed miR-1 inhibition 
(Figure 5A). In addition, GADD45β knockdown 
reduced IA/AAR ratio (Figure 5B) and apoptotic 
cells in myocardial tissues exposed to I/R injury 
(Figure 5C). However, GADD45β failed restore 
the IA/AAR ratio and apoptotic cells in myocar-
dial tissue that were reduced by miR-1 inhibi-
tion. Similar results were observed in myocar-
diocytes exposed to H/R (Figure 5D and 5E). 
Overall, these findings indicate that miR-1 

exerts its protective effects on I/R injury in  
a GADD45β independent manner, although 
GADD45β is a direct target of miR-1.

Discussion

Studies have demonstrated that miR-1 plays a 
crucial role in the development of cardial dis-
eases. β-blocker propranolol exerts protective 
effect against myocardial ischemic arrhythmo-
genesis partially viadown-regulating miR-1, 
indicating the cardioprotection of miR-1 inhibi-
tion against myocardial ischemia [16]. Tanshi- 
none IIA suppresses ischemic arrhythmias and 
cardiac mortality by down-regulating miR-1 in a 
rat model, suggesting miR-1 may serve as a 
potential target for the prevention of ischemic 
arrhythmias [17]. In addition, plasma miR-1 
expression is at a low level, while itsignificantly 
increases in MI patients and rats models [18]. 
Inrat acute myocardial infarction (AMI) model, 
serum miR-1 expression significantly increase-
dand its expression was positively related to 
the myocardial infarct size and serum creatine 
kinase-MB, implying that serum miR-1 may 
become a diagnostic biomarker for AMI [19]. 
miR-1 expression is down-regulated in MI pati- 
ents and rats with myocardial I/R injury [20, 
21]. miR-1 participates in the H2S protection  
of myocardiocytes against I/R injury-induced 
apoptosis by regulating Bcl-2, suggesting that 
miR-1 plays important roles in the myocardial 
I/R injury [22]. In mouse models, miR-1 over-
expression aggravates I/R injury by increasing 
apoptosis, while miR-1 inhibition attenuates 
cardiac I/R injury [14]. Our findings also show- 
ed that miR-1 expression was down-regulated 
in myocardial I/R rats and rat cardiomyocytes 
exposed to H/R, but serum miR-1 increased. 
Functional studies indicated that miR-1 inhibi-
tion reduced apoptotic cells in cardial tissues 
exposed to I/R as well as apoptotic cardiomyo-
cytes exposed to H/R. In addition, miR-1 inhibi-
tion reduced IA/AAR ratio in I/R rats. These 
results suggest that miR-1 inhibition may serve 
a potential strategy for the therapy of I/R 
injury.

miRNAs function by regulating a number of  
targets via binding to their 3’UTR [5]. In the  
current study, miR-1 targets were predicted by 
cDNA microarray assay. Among the dysregulat-
ed genes, Bcl-2 and GADD45β were selected 
as candidate targets and both showed up-regu- 
lated expressions following I/R injury and H/R. 
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Figure 5. GADD45β knockdown fails to restore the effects of miR-1 inhibition on the cardiac infarct area and car-
diomyocytes apoptosis after I/R or H/R injury. A. Western blot assay of GADD45β protein expression in rats treated 
with GADD45β siRNA, or co-treated with miR-1 ASO and siRNA against GADD45β. GAPDH wasa loading control. B. 
Statistical analysis of IA/AAR ratio in rats treated with GADD45β siRNA, or co-treated with miR-1 ASO and siRNA 
against GADD45β. IA, infarct area; AAR, area at risk. C. Effects of miR-1 inhibition on the apoptotic cells in cardiac 
tissues subjected to I/R injury were investigated by TUNEL staining. Graph (below) represents the percentage of 
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Findings from cDNA microarray assay were con-
firmed by Western blot assay and qPCR. Bcl-2 
has been found as a target of miR-1 [15]. Our 
study confirmed that miR-1 inhibition increased 
Bcl-2 protein expression. Bcl-2 is a member of 
Bcl-2 familythat either induces or inhibits cell 
apoptosis [23]. Bcl-2 is known as an important 
anti-apoptotic protein and involved in a variety 
of biological processes [24-26]. Increased Bcl- 
2 expression was found to contribute to the 
protective effect of high-dose fasudil pre-treat-
ment on the myocardial I/R injury [27]. Bcl-2 
expression was also up-regulated during the 
process that Panax quinquefolium sapnin re- 
duced apoptotic cardiomyocytes exposed to 
I/R [28]. Studies also confirm that Bcl-2 is pro-
tective against myocardial I/R injury. In our 
study, results indicated that silencing of Bcl-2 
increased apoptotic cells in myocardial tissues 
and apoptotic cardiomyocytes and elevated IA/
AAR ratio all of which were inhibited by miR-1 
inhibition, suggesting that Bcl-2 knockdown 
aggravates myocardial I/R injury and miR-1 
inhibition is protective against I/R and H/R by 
up-regulating Bcl-2 expression.

Besides Bcl-2, GADD45β was also found as 
another target of miR-1. Luciferase assay 
showed miR-1 inhibited the intensity of 
GADD45β 3’UTR, while miR-1 inhibition incre- 
ased it. When the binding site for miR-1 was 
mutated, the inhibitory effect of miR-1 on 
GADD45β 3’UTR intensity was abolished. In 
addition, Western blot assay showedmiR-1 
reduced GADD45β protein expression in a 
dose-dependent manner, while miR-1 inhibit- 
ion increased it. GADD45β is a member of 
growth arrest DNA damage-inducible gene 
(GADD45) family. There is evidence showing 
that GADD45β promotes sorafenib-induced 
apoptosis in hepatocellular carcinoma cells 
[29]. GADD45β contributes to p53 activation 
and is able to regulate cell cycle and apoptosis 
[30]. Our findings also revealed that GADD45β 
knockdown reduced apoptotic cells in cardial 
tissues and apoptotic cardiomyocytes after I/R 
(H/R) injury. However, GADD45β knockdown 
failed to restore the reduction of apoptosis and 
IA/AAR ratio following miR-1 inhibition. These 

results indicate that although GADD45β is a 
direct target of miR-1, miR-1 protects against 
I/R injury not through regulating GADD45β. 
There may exist other targets for miR-1 that 
mediate the effects of miR-1 on I/R injury.

In conclusion, our results show miR-1 inhibition 
is protective against I/R (H/R) injury by target- 
ing Bcl-2 but not GADD45β. This suggests that 
anti-miR-1 may become a therapeutic strategy 
for myocardial I/R injury.
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