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Abstract

This study aims to investigate microRNA-195 (miR-195) expression in myocardial ischaemia–reperfusion (I/R) injury and

the roles of miR-195 in cardiomyocyte apoptosis though targeting Bcl-2. A mouse model of I/R injury was established. MiR-

195 expression levels were detected by real-time quantitative PCR (qPCR), and the cardiomyocyte apoptosis was detected

by TUNEL assay. After cardiomyocytes isolated from neonatal rats and transfected with miR-195 mimic or inhibitor, the

hypoxia/reoxygenation (H/R) injury model was established. Cardiomyocyte apoptosis and mitochondrial membrane poten-

tial were evaluated using flow cytometry. Bcl-2 and Bax mRNA expressions were detected by RT-PCR. Bcl-2, Bax and

cytochrome c (Cyt-c) protein levels were determined by Western blot. Caspase-3 and caspase-9 activities were assessed by

luciferase assay. Compared with the sham group, miR-195 expression levels and rate of cardiomyocyte apoptosis increased

significantly in I/R group (both P < 0.05). Compared to H/R + negative control (NC) group, rate of cardiomyocyte apopto-

sis increased in H/R + miR-195 mimic group while decreased in H/R + miR-195 inhibitor group (both P < 0.05). MiR-195

knockdown alleviated the loss of mitochondrial membrane potential (P < 0.05). MiR-195 overexpression decreased Bcl-2

mRNA and protein expression, increased BaxmRNA and protein expression, Cyt-c protein expression and caspase-3 and

caspase-9 activities (all P < 0.05). While, downregulated MiR-195 increased Bcl-2 mRNA and protein expression, decreased

Bax mRNA and protein expression, Cyt-c protein expression and caspase-3 and caspase-9 activities (all P < 0.05). Our

study identified that miR-195 expression was upregulated in myocardial I/R injury, and miR-195 overexpression may promote

cardiomyocyte apoptosis by targeting Bcl-2 and inducing mitochondrial apoptotic pathway.

[Gao C.-K., Liu H., Cui C.-J., Liang Z.-G. Yao H. and Tian Y. 2016 Role of microRNA-195 in cardiomyocyte apoptosis induced by myocardial
ischaemia–reperfusion injury. J. Genet. 95, 99–108]

Introduction

Ischaemic heart disease (IHD), a leading cause of mortality,

accounts for substantial long-term morbidity worldwide

(Moran et al. 2014). Therapeutic strategy for IHD, cur-

rently is timely reperfusion of the occluded artery; on the

other hand, reperfusion may lead to myocardial ischaemia–

reperfusion (I/R) injury (Frank et al. 2012; Hausenloy and

Yellon 2013). Myocardial I/R injury has been evidenced to

have pivotal roles in inducing cardiomyocyte death and left

ventricular remodelling, and thus resulting in adverse car-

diovascular outcomes, including progressive deterioration of
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cardiac function, heart failure and death (Frohlich et al. 2013;

Diez et al. 2015). A previous study has documented that

improvements of metabolic recovery in cardiomyocytes and

mitochondrial-derived oxidative stress are the crucial pre-

vention of myocardial I/R injury (Pisarenko et al. 2014).

Nevertheless, the mechanisms associated with mitochondrial

functions in cardioprotective interventions have not been

clearly clarified yet. Therefore, a large number of researchers

aim at understanding the potential molecular mechanisms of

cardiomyocyte apoptosis and exploring effective therapeutic

strategies to ultimately reduce adverse outcomes in myocar-

dial I/R injury (Siddall et al. 2013; Dongworth et al. 2014;

Liu et al. 2014). Recently, microRNAs (miRNAs) have been

documented to be associated with the regulation of I/R
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injury-induced cardiomyocyte apoptosis and cardiac function,

thus emerging as underlying therapeutic agents for myocar-

dial I/R injury (Skommer et al. 2014; Di et al. 2014).

MiR-195 is characterized by its significant functions in

regulating cell cycle, apoptosis, cell metabolism, cell pro-

liferation and metastasis (Yongchun et al. 2014; Lei et al.

2014; Zhao et al. 2014). Recent reports have displayed that

miR-195 expression is downregulated in many tumours, such

as colorectal cancer, gastric cancer and hepatocellular carci-

noma (Liu et al. 2010; Wang et al. 2013; Deng et al. 2013).

MiR-195 has been demonstrated to be a tumour repressor

in tumourigenesis and may be an underlying target in can-

cer therapy (Yang et al. 2014). Numerous miRNAs play sig-

nificant regulatory roles in mitochondrial metabolism and

mitochondrial pathway is emphasized in the augment of cell

apoptosis (Jin and Wei 2014). MiR-195 is identified to be

involved in repression of Bcl-2 expression through target-

ing its 3′-untranslated (3′-UTR) region (Qu et al. 2015).

Importantly, the role of Bcl-2 in apoptosis pathway is to

block Bax-induced apoptosis by suppression of cytochrome c

(Cyt-c) releasing from mitochondria (Czabotar et al. 2014;

Jin et al. 2015). The previous literature has ever demon-

strated a role of miR-195 in cardiomyocytes, which is regu-

lated through downregulation of Bcl-2 production (Zhu et al.

2011). In this study, we established a mouse model of I/R

injury to explore the potential roles and mechanisms of

miR-195 in cardiomyocyte apoptosis induced by myocar-

dial I/R injury, supplying novel therapeutic strategies for the

treatment of myocardial I/R injury.

Materials and methods

Ethics statement

All mice and rats were purchased from Harbin Medical Uni-

versity Laboratorial Animal Center. This animal experiment

was conducted in accordance with the recommendations of

the Committee for the Purpose of the Control and Super-

vision of Experiments on Animals (CPCSEA). We made

reasonable efforts to minimize the suffering of animals.

Animals and treatments

A total of 30 healthy male C57BL/6 mice (8–10 weeks

old) weighing 20–30 g were kept in an environmental room

equipped with a constant temperature of 20◦C, a humidity

of 60% and a programmed 12 h light / 12 h dark cycle

for circadian control. All mice were allowed free access to

drinking water and sterilized standard diet. The mice were

randomly separated into two groups: (i) the sham group

(n = 15): the mice underwent the sham operation with

hearts enlarged and a sutureunder left anterior descending

coronary artery (LAD), while without ligation of coronary

artery for 150 min; (ii) I/R group (n = 15): the mice were

treated with the LAD which was reversibly ligated and I/R

was induced by 30-min ischaemia followed by 120-min

reperfusion.

I/R injury model

All mice were anesthetized with sodium pentobarbital

(50 mg/kg) by intraperitoneal injection and fixed for endotra-

cheal intubation by the use of a small animal respirator (60

breaths per min). After removing hair from praecordium, the

skin was disinfected with iodine. A longitudinal incision was

made from the third to fourth ribs, separating the pectoralis

major muscle, serratus anterior muscle and pectoralis minor

muscle, and exposing the heart. Then, a 6-0 nylon suture was

placed around the l–2 cm of the root of LAD. The suture was

loosened after occlusion for 30 min, which was followed by

120 min reperfusion of LAD. Hearts of all mice were then

separated and prepared for next experiments. All surgical pro-

cedures were carried out under aseptic conditions. The elec-

trocardiogram (ECG) was synchronously recorded until the

end of this experiment.

TUNEL assay

The terminal dUTP nick end-labelling (TUNEL) staining

was performed with the in situ cell death detection kit

(Promega, Madison, USA) in accordance with the manu-

facturer’s protocol to detect apoptotic cardiomyocytes. The

extracted tissue from mice with I/R model was fixed by 10%

formic acid solution. Fixation lasted for 24 h at room tem-

perature. Then, paraffin-embedded specimens were sliced,

deparaffinized and dehydrated. After washing with phos-

phate buffer solution (PBS) twice the sections were blocked

in 0.1% Triton X-100 and 0.1% natrium citricum for 15 min.

Then the sections were washed in PBS thrice and incu-

bated in 50 μL of TUNEL mix (Roche, Switzerland) con-

taining 0.3 U/mL terminal deoxynucleotidyl transferase and

6.66 mM/mL biotin dUTP in a moist chamber at 37◦C for

1.5 h. Nuclei were stained with 5 μg/mL 4′,6-diamidino-

2-phenylindole (DAPI) for 5 min at room temperature and

observed by fluorescence microscopy.

Cell isolation and culture

Neonatal SD rats (1–2 days old) were disinfected with 75%

alcohol, and the hearts were excised and kept in the cul-

ture medium. After removing the connective tissue and

blood vessels, the hearts were incubated and minced. Then

they were transferred into serum bottles supplemented with

4 mL of trypsin / ethylenediaminetetraacetic acid solution at

4◦C overnight. After 12–16 h of incubation, 2 mL of Dul-

becco’s modified Eagle’s medium / F12 medium (Invitrogen,

Waltham, USA) with 10% foetal bovine serum (FBS) was

added into these bottles and transferred into a temperature-

controlled oscillator (37◦C) for 5 min. Removing the super-

natant, 2 mL of collagenase digestion was added into the

medium and shaken by oscillator for 1 min. The myocardial

tissue after discarding the supernatant and adding 4 mL of

collagenase digestion was stirred by a magnetic stirrer for

15 min at 37◦C. Cells in the supernatant were centrifuged

at 1000 rpm for 5 min. Subsequently, the precipitate was
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incubated in 100 nm culture dishes containing 10 mL of

DMEM-F12 medium and placed in a humidified 5% CO2

incubator at 37◦C for 70 min, and the supernatant was treated

again with centrifugation at 1000 rpm for 5 min. The isolated

cardiomyocytes were transferred into the culture medium for

culture and purification.

Luciferase reporter gene assay

The Bcl-2 mRNA 3′UTR sequence was amplified by poly-

merase chain reaction (PCR) and cloned into pGL3-promo-

terconstruct (Promega), thus obtaining Bcl-23′UTR firefly

luciferase reporter gene. The cardiomyocytes were cotrans-

fected with 80 ng Bcl-23′UTR firefly luciferase reporter

gene, 40 ng Renilla luciferase reference plasmid pRL-TK and

miRNA per controls (final concentration, 20 nM). Twenty-

four hours after transfection, the fluorescence activity was

detected by a dual-luciferase report gene assay system

(Promega). The final data were the ratio of firefly fluorescent

value to Renilla fluorescence value.

Cell grouping and transfection

After 5-day culture, cardiomyocytes were randomly divided

into five groups: (i) the control group, the cells exposed to

normal oxygen; (ii) hypoxia/reoxygenation (H/R) group, the

cells exposed to 10 h of hypoxia followed by 2 h of reoxy-

genation; (iii) H/R + negative control (NC) group, after

transfection with negative control oligonucleotides, the cells

exposed to 10 h of hypoxia followed by 2 h of reoxygena-

tion; (iv) H/R + miR-195 mimic group, after transfection

with miR-195 mimics, the cells exposed to 10 h of hypoxia

followed by 2 h of reoxygenation and (v) H/R + miR-195

inhibitor group, after transfection with miR-195 inhibitors,

the cells exposed to 10 h of hypoxia followed by 2 h of

reoxygenation. The day before transfection, 1 × 105 cells

were seeded into six-well plates and in each plate the cul-

ture medium with 10% FBS was added. When they reached

50% confluence, miR-195 mimics and miR-195 inhibitors

were transfected into each well by applying Lipofectamine

2000 transfection reagent (Invitrogen). Lipofectamine 2000

reagent (5 μL) was diluted into 100 μL OPTI-MEM medium

and incubated for 20 min at room temperature. Adding

serum free medium into the plates after removing the cul-

ture medium, the cells were then incubated for 6 h in an

incubator at 37◦C. Subsequently, the serum free medium was

replaced by the culture medium with 10% FBS to culture

cardiomyocytes.

Hypoxia/reoxygenation injury model

Using the model of hypoxia/reoxygenation (H/R) injury, we

examined the effect of hypoxia-induced and reoxygenation-

induced cell death. After culture medium was removed, the

cardiomyocytes were incubated in serum-free DMED without

glucose under a hypoxic gas mixture supplemented with 95%

N2 and 5% CO2, and the medium was placed in a hypoxic

incubator (95% N2 and 5% CO2) for 10 h which was follo-

wed by reoxygenation for 2 h in DMEM containing 10% FBS

and glucoseat 37◦C in a 5% CO2 incubator.

Real-time quantitative PCR (qRT-PCR)

Total RNA was isolated by utilizing Trizol reagent (Invitro-

gen) and the purity and concentration of RNA was detected

by UV spectrophotometer. The values of OD260/OD280

of RNA samples were all in normal range (1.8–2.2). The

RNA quality was assessed by agarose gel electrophoresis.

The cDNA was obtained using One Step PrimeScript R© miRNA

cDNA Synthesis Kit (Takara, Dalian, China) according to the

manufacturer’s protocol. The RNU6B was applied as an inter-

nal control. The real-time qRT-PCR was carried out by using

SYBR R© Premix Ex Taq TMII mix according to the manufac-

turer’s protocol. Primer sequences of miR-195 (Takara) were

as follow: hsa-miR-195 qPCR primer mix:mature sequence:

5′-U AGC AGCACAGAAAUAUUGGC- 3′. Primer sequen-

ces of U6 were: forward primer: 5′-CTCGCTTCGGCAGCA

CA-3′, reverse primer: 5′-AACGCTTCACGAATTTGCGT-

3′. The reaction mixtures were incubated at 95◦C for 30 s,

followed by 35–42 cycles of 95◦C for 5 s, 55◦C for 30 s and

72◦C for 30 s. The temperature ranges for the melting curves

were: 50–95◦C. U6 was applied as an internal control and

the 2−��Ct method was applied to determine relative quanti-

tation of miR-195 expression. �Ct=Cttarget gene−CtU6,��Ct

= Ctexperiment group−Ctcontrol group.

Flow cytometry

The cardiomyocytes were dissociated into single-cell suspen-

sion washed in PBS and suspended in 5 μL of AnnexinV-

FITC and 5 μL of propidium iodide (PI) solution at room

temperature with protection from light. After washing, cells

were resuspended in 200 μL of Binding Buffer and stained

by 5 μL of AnnexinV-FITC and 5 μL of PI in the dark

for 15 min and analysed in flow cytometry by a FAC-

Scan (BD FACSCalibur, USA). For detecting mitochon-

drial membrane potential, cells were stained by Rhodamine

123 (0.1–50 μg /mL) and incubated for 10 min at 37◦C in a

5% CO2 culture medium. After two centrifugation, cells were

resuspended in the culture medium for 60 min. The samples

(100 μL) were measured on microscope slides (excitation,

488 nm; emission, 515 nm).

Detection of mitochondrial membrane potential

All cells were incubated with 1.0 mM calcein and 25 nM

oxidized mitochondrial probe (MitoTracker, Invitrogen).

Fluorescence intensity was observed under a fluorescence

microscope. Tetramethylrhodamine ethyl ester (TMRE) is a

positively charged dye. The enhancement of mitochondrial

permeability results in a decrease in membrane potential,

inhibiting the accumulation of TMRE, and decreasing the

fluorescence value of mitochondrion. And then the cells were

incubated with 50 nM TMRE at room temperature for 30 min
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and the fluorescence value of TMRE was observed under the

fluorescence microscope.

RT-PCR for Bcl-2 and Bax mRNA expression

Total RNA was isolated, cDNA was obtained by reverse

transcription and then the PCR amplification was performed.

Primer sequences were as follow: Bcl-2 (151 bp):forward

primer: 5′-CAACTCCCAATACTGGCTCT-3′, reverse primer:

5′-CGGACTTCGGTCTCCTAAA-3′; GAPDH (299 bp): for-

ward primer:5′-GGGAAACTGTGGCGTGAT-3′, reverse pri-

mer: 5′-GAGTGGGTGTCGCTGTTGA-3′; Bax (73 bp):

forward primer: 5′-GGCAGACCGTGACCATCTTT-3′, re-

verse primer: 5′-CCTCAGCCCATCTTCTTCCA-3′. The PCR

reaction conditions of Bcl were: predegeneration at 95◦C for

5 min, followed by 40 cycles of 95◦C for 10 s, 95◦C for 15

s, 72◦C for 20 s and 82◦C for 5 s. PCR reaction conditions of

Bax were: predegeneration at 95◦C for 5 min, which was fol-

lowed by 40 cycles of 95◦C for 10 s, 59◦C for 15 s, 72◦C for

20 s and 82◦C for 5 s. Standard curve was obtained for total

DNA quantification. The relative expression level of target

gene in each sample was the concentration of the target gene/

the concentration of GADPH gene.

Western blot

The protein concentration of the cardiomyocytes was deter-

mined using a BCA protein assay kit. A total of 40 μg

protein solution was treated with 10% sodium dodecyl sul-

phate polyacrylamide gel electrophoresis (SDS-PAGE) and

blotted on to polyvinylidenedifluoride (PVDF) membranes,

with average pore size of 0.22 μm. Then, the membranes

were blocked in 5% nonfat dried milk at room tempera-

ture for 1 h and incubated with primary antibodies (1: 500;

rabbit antihuman Bax, Bcl-2, and Cyt-c; R&D, Emeryville,

USA) at 37◦C for 1 h. They were then washed in Tris-

buffered saline-Tween 20 (TBST) thrice and incubated with

goat antirabbit secondary antibody (1:1000; Dako, USA) at

37◦C for 1 h. The scanned images were assessed quanti-

tatively by software IPP6.0 (Media Cybernetics, Bethesda,

USA).

Caspase-3 and caspase-9 activity assay

Caspase-3 and caspase-9 activities were assessed using

caspase-3 and caspase-9 Activity Assay Kit (BestBio, Shang-

hai, China). The cardiomyocytes were incubated in the dark

for 1–2 h, and these cells were lysed with lysis buffer. Sub-

sequently, caspase-3 and caspase-9 substrates were added to

cell lysates and the mixtures were incubated for 2 h at room

temperature. The ρNA cleavage rates released from sub-

strates were measured using colorimetric assay kits from the

absorbance values at 405 nm and the concentration of ρNA

was calculated from a calibration curve.

Statistical analysis

All experimental data were presented as mean ± standard

deviation. The SPSS 18.0 software (SPSS, Chicago, USA)

was applied for statistical analysis. The t-test was applied to

compare differences between the two groups. The statistical

significance of groups was performed using one-way analy-

sis of variance (ANOVA). Differences with a P < 0.05 were

determined as statistically significant.

Results

Expression levels of miR-195 in myocardial tissues

The RT-PCR results suggested miR-195 expression level in

myocardial tissue of each group, as seen in figure 1. Com-

pared to the sham group, miR-195 expression level in I/R

group increased significantly after 30 min ischaemia and 120

min reperfusion (P < 0.05).

I/R-induced cardiomyocyte apoptosis

TUNEL assay was utilized to detect the cardiomyocyte apop-

tosis in myocardial ischaemic region of the Sham group

and I/R group (figure 2). The TUNEL-positive cardiomy-

ocytesdid not apparently exist in the sham group. In contrast,

the rate of TUNEL-positive cardiomyocytes in I/R group

increased significantly (34.5% ± 5.4% versus 2.1% ± 1.5%,

P < 0.05).

Target gene of miR-195 analysis

The target gene of miR-195 was predicted and screened

using the bioinformatics software (Target Scan; http://www.

targetscan.org), revealing that the 3′-UTR sequence in Bcl-2

matched miR-195, and a high level of conservation existed

among different species (figure 3a). Compared with the con-

trol group, miR-195 inhibited the luciferase activity of Bcl-2

3′UTR firefly luciferase reporter gene while it had no effect

on the luciferase activity of target site deleted mutated repor-

ter gene (figure 3b). Therefore, miR-195 inhibited reporter

Figure 1. Comparison of miR-195 expression levels between
the sham group and the I/R group. MiR-195, miRNA-195; I/R,
ischaemia-reperfusion;*, compared with the sham group, P < 0.05.
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Figure 2. TUNEL assay testing I/R-induced cardiomyocyte apoptosis in the sham group and the I/R group
(× 200). I/R, ischaemia–reperfusion; *compared with the sham group, P < 0.05; nucleus of apoptotic car-
diomyocytes were issued by green fluorescence, all nucleated cells stained with DAPI were issued by blue
fluorescence.

gene activity of target gene through complementation fixa-

tion with target gene Bcl-2 and target sequence 3′-UTR.

Expression levels of miR-195 after transfection

Real-time qPCR detecting the expression levels of miR-195

after transfection showed that miR-195 expression levels in

the H/R group and the H/R + NC group increased appar-

ently as compared with the control group (both P < 0.05).

There was no obvious difference in the expression levels of

miR-195 between the H/R group and the H/R + NC group

(P > 0.05). Compared with the H/R + NC group, miR-195

expression levels in the H/R + miR-195 mimic group

increased significantly (P < 0.05); while miR-195 expres-

sion levels in the H/R + miR-195 inhibitor group decreased

obviously (P < 0.05) (figure 4).

Effect of miR-195 overexpression on H/R-induced cardiomyocyte

apoptosis

The apoptosis rate of cardiomyocytes was 1.98 ± 0.15% in

control group, 12.75 ± 0.46% in H/R group, and 13.02 ±

0.59% in H/R +NC group, suggesting that cell apoptosis rate

in the control group was apparently lower than the H/R group

and H/R + NC group (both P < 0.05) and that H/R injury

could stimulate apoptosis rate of cardiomyocytes (as shown

in figure 5). When compared with H/R + NC group, the rate

of cardiomyocyte apoptosis in H/R + miR-195 mimic group

and H/R + miR-195 inhibitor group were 18.65 ± 1.48%

and 6.56 ± 1.06%, respectively. The apoptosis rate in H/R +

miR-195 mimic group was markedly increased but decreased

in H/R + miR-195 inhibitor group (both P < 0.05).

Effect of miR-195 overexpression on mitochondrial membrane

potential

Mitochondrial membrane permeabilization is related to the

loss of mitochondrial membrane potential. Figure 6 repre-

sents the loss of mitochondrial membrane potential induced

by H/R injury in H/R and H/R + NC groups was significantly

increased compared to control group (both P < 0.05). In

addition, the loss of mitochondrial membrane potential was

enhanced by miR-195 overexpression in H/R + miR-195

mimic group than in H/R + NC group (P < 0.05), but the loss

Figure 3. Bcl-2 is a target gene of miR-195. (a) The sequence alignment between miR-195 and Bcl-2 3′-UTR. (b) The
luciferase assay results demonstrated that the luciferase activity decreased in miR-195 mimic transfected cardiomyocytes
compared with miR-195 NC transfected cardiomyocytes. NC, negative control.
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Figure 4. Expression levels of miR-195 in cardiomyocytes of the control group, H/R group, H/R + NC group,
H/R + miR-195 mimic group and H/R + miR-195 inhibitor group. NC, negative control; *compared with the
control group, P < 0.05; #compared with H/R +NC group, P < 0.05.

was attenuated by the knock down of miR-195 expression in

H/R + miR-195 inhibitor group which was also compared

with H/R + NC group (P < 0.05).

Bcl-2 and Bax mRNA expression in cardiomyocytes

Compared with the control group, the expression levels of

Bcl-2 mRNA decreased significantly in H/R and H/R + NC

groups (both P < 0.05). No apparent difference existed in

Bcl-2 mRNA expression levels between the H/R and H/R

+ NC groups (P > 0.05). Compared with the H/R + NC

group, Bcl-2 mRNA expression levels decreased obviously

in the H/R + miR-195 mimic group (P < 0.05); while Bcl-2

mRNA expression levels increased obviously in the H/R +

miR-195 inhibitor group (P < 0.05). As for the expression

level of Bax mRNA, it increased significantly in H/R and

Figure 5. Effects of miR-195 overexpression on cardiomyocytes apoptosis. NC, negative control; *compared with the control
group, P < 0.01; #compared with the H/R + NC group, P < 0.01.
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Figure 6. Effects of miR-195 on mitochondrial membrane potential in cardiomyocytes. NC, negative control; *compared with
the control group, P < 0.05; #compared with the H/R +NC group, P < 0.05.

H/R + NC groups as compared to the control group (both

P < 0.05). Bax mRNA expression level in H/R group sho-

wed no obvious difference from that of the H/R + NC group

(P>0.05). Compared with the H/R + NC group, Bax mRNA

expression levels increased apparently in the H/R + miR-195

mimic group while decreased obviously in the H/R + miR-195

inhibitor group (both P < 0.05) (figure 7).

Effect of miR-195 overexpression on Bcl-2, Bax, Cyt-c protein

expression

The Bcl-2 protein expression level decreased markedly, while

Bax protein expression level increased obviously in H/R

and H/R + NC groups as compared with the control group,

which was statistically different (all P < 0.05) (figure 8).

When compared with H/R + NC group, the protein expres-

sion of Bcl-2 in H/R + miR-195 mimic group was sig-

nificantly downregulated, and the Bcl-2 protein expres-

sion was obviously increased in H/R + miR-195 inhibitor

group; while the protein expression of Bax was upregu-

lated significantly in H/R + miR-195 mimic group and

downregulated markedly in the H/R + miR-195 inhibitor

group (all P < 0.05). The translocation of Cyt-c from mito-

chondria to the cytoplasm was analysed by testing Cyt-c

expression in the cytoplasm. The Cyt-c expression in H/R

group and H/R + NC group was upregulated compared with

the control group (both P < 0.05). Additionally, the Cyt-c

expression increased evidently in H/R + miR-195 mimic

group while decreased obviously in H/R + miR-195 inhibitor

group as compared with the H/R+NC group (both P < 0.05).

Activation of caspase-3 and caspase-9 after H/R model

construction and miR-195 transfection

In H/R and H/R + NC groups, the activation of caspase-3

and caspase-9 was enhanced in contrast to the control group

(both P < 0.05) (figure 9). By comparison of H/R + NC

group and H/R + miR-195 mimic group, the activation of

caspase-3 and caspase-9 was remarkably enhanced in H/R +

miR-195 mimic group (P < 0.05). Yet, in H/R + miR-195

inhibitor group, the activation of caspase-3 and caspase-9

was attenuated (P < 0.05).

Figure 7. RT-PCR for Bcl-2 and Bax mRNA expression levels in the control group, H/R, H/R
+ NC, H/R + miR-195 mimic and H/R + miR-195 inhibitor groups. NC, negative control;
*compared with the control group, P < 0.05; #compared with H/R +NC group, P < 0.05.
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Figure 8. Western blot analysis of Bcl-2, Bax and Cyt-c protein expression levels in cardiomyocytes after transfection.
*Compared with the control group, P < 0.05. #Compared with H/R + NC group, P < 0.05.

Figure 9. Comparisons of the activation of caspase-3 and caspase-9 among the
control, H/R, H/R + NC, H/R + miR-195 mimic and H/R + miR-195 inhibitor
groups. NC, negative control; *compared with the control group, P < 0.054;
#compared with H/R +NC group, P < 0.05.

Discussion

MiR-195 is involved in the cell cycle, apoptosis and pro-

liferation by exerting regulatory roles in target proteins (He

et al. 2011). In our study, cardiomyocyte-specific miR-195

expression was observed to be significantly upregulated

nonfatal dilated cardiomyopathy, which was associated with

progression of cardiac ischaemia and heart failure (Small

et al. 2010; Edwards et al. 2010). It was documented that

the upregulated miR-195 expression induces cardiomyocyte

apoptosis by increasing reactive oxygen species (ROS) pro-

duction to stimulate biological oxidation in cellular activi-

ties (Zhu et al. 2011). On the other hand, the antimiR-195

inhibitors can effectively knock out and silence miR-195

activity in vitro, thus preventing cardiomyocytes from

hypoxia-induced cardiomyocyte death and cardiac remod-

elling in response to ischaemic damage (Hullinger et al.

2012). However, the mechanism of miR-195 action has not

been completely understood, and the possible explanation is

that miR-195 activation regulates the expression of a num-

ber of cell cycle genes that are implicated in mitochondrial-

related apoptotic pathway, impacting cardiomyocyte survival

(Porrello et al. 2011). MiR-195 is a member of miR-15

gene family which has been reported by a previous study of

Liu et al. to be upregulated in response to cardiac I/R injury

which indicating that downregulation of miR-15 may be a

promising strategy to reduce myocardial apoptosis induced

by cardiac I/R injury (Topkara and Mann 2011; Liu et al.

2012). In addition, in line with our results, Luo et al. (2010)

also have found that miR-195 expression in myocardial I/R

injuries was upregulated. Cai et al. (2010) have reported

that the forced miR-195 overexpression in transgenic mice

successfully induced cardiac hypertrophic growth and heart

failure.

Our present study suggested that Cyt-c expression was

evidently increased in H/R + miR-195 mimic group and

the activation of caspase-3 and caspase-9 was remarkably

enhanced in H/R + miR-195 mimic group. Cardiomyocyte
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apoptosis attributes to the activation of mitochondrial apop-

totic pathway which is characterized by alteration of mito-

chondrial permeability and the Cyt-c release into cytoplasm

(Parra et al. 2008). Mitochondrial membrane potential and

Cyt-c distribution are used as indexes of the activation of

mitochondrial apoptotic pathway (Parra et al. 2008). The

mitochondrial stage of apoptosis control is mediated by Bcl-2

activation and the caspase cascade is thereby activated lead-

ing to mitochondrial fragmentation and apoptotic suscepti-

bility (Suen et al. 2008; Tomasetti et al. 2014). The loss of

mitochondrial membrane potential take up the calcium, stim-

ulate the leakage of Cyt-c and initiate apoptosis through the

opening of permeability transition pores (Wu et al. 2010).

Subsequently, Cyt-c combines with an inactive initiator cas-

pase, procaspase-9, leading to the activation of caspase-9 and

triggering a cascade of caspase (caspase-3, caspase-6 and

caspase-7) activation (Kang and Reynolds 2009). Caspase-3

and caspase-9 are the notable effectors in cell apoptosis and

their activities were significantly increased to induce cell

apoptosis (Miura et al. 2008; Zhou et al. 2010; Zhu et al.

2012). Evidently, the antiapoptotic Bcl-2 plays a great role

in inhibiting cell apoptosis by interacting with proapoptotic

members and keeping them away from mitochondria,

thereby preventing Cyt-c release and production of caspase-3

and caspase-9 (Bienertova-Vasku et al. 2013). Also, Perrelli

et al. (2011) have evidenced that mitochondria and ROS paly

significant role in I/R injury and cardioprotective mecha-

nisms (Perrelli et al. 2011).

MiR-195 acts as a negative regulator of Bcl-2 through

binding to its respective binding site in 3′-UTR of the Bcl-2

mRNA (He et al. 2011). Therefore, Bcl-2 is a confirmed tar-

get gene of miR-195, and its activation that is involved in

miR-195-mediated apoptosis effect is inhibited by miR-195

(He et al. 2011). Our study found that Bcl-2 is the target gene

of miR-195, and increased miR-195 expression can attenu-

ate miR-195 activation. For example, the role of miR-195

overexpression in tumourigenesis was identified to exert its

proapoptotic function through downregulating Bcl-2 expres-

sion, suggesting that miR-195 plays vital roles in cancer

pathogenesis and cancer therapy (Liu et al. 2010). On the

other hand, miR-195 was found to be strongly upregulated

in I/R hearts and miR-195 overexpression induces cardiomy-

ocyte apoptosis by suppressing antiapoptotic factor Bcl-2

(Ikeda et al. 2007; Zhu and Fan 2012). The overexpres-

sion of miR-195 in the heart is a big challenge for IHD

patients which can enhance myocyte loss and heart failure

(van Rooij et al. 2006). In the light of these findings, miRNA-

195 may be a novel therapeutic target in cardiovascular

disorders by designing miRNA inhibitors to manipulate

their expression and function (van Rooij and Olson 2012;

Maegdefessel 2014). In a previous study of Tang et al.

(2009), Bcl-2 has also been detected to be a target gene

for miRNA-1 functioning in the regulation of cardiomyocyte

apoptosis which is involved in posttranscriptional repression

of Bcl-2. In a short review, which focussed on the regula-

tion of Bcl-2 family proteins by miRNAs that target multiple

Bcl-2, it has been supported the involvement of miRNAs tar-

geting Bcl-2 in the regulation of cerebral ischaemia (Ouyang

and Giffard 2014).

In conclusion, the miR-195 expression was upregulated in

myocardial I/R injury and miR-195 overexpression may pro-

mote cardiomyocyte apoptosis by targeting Bcl-2 and induc-

ing mitochondrial apoptotic pathway. Importantly, miR-195

may be a promising target to reduce cardiomyocyte apoptosis

and treat I/R injury.
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