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Abstract 

Background: Our previous studies suggested that brain-derived neurotrophic factor 
(BDNF)/tropomyosin-related kinase B (TrkB) axis inhibited cardiomyocyte apoptosis in 
myocardial infarction (MI). However, the relationship between BDNF and microRNA (miRNA) in 
cardiomyocytes are unclear. The present study was performed to investigate the role of miR-195 
and the interplay between BDNF and miR-195 in ischemic cardiomyocyte apoptosis. 
Methods: Male Wistar rats were subjected to coronary artery ligation, and primary neonatal rat 
ventricular myocytes were treated with hypoxia or hydrogen peroxide (H2O2). BDNF level in rat 
ventricles was measured by enzyme linked immunosorbent assay (ELISA). miR-195 mimic, 
inhibitor or negative control was transfected into the cardiomyocytes. Cell viability and apoptosis 
were detected by MTT assay and TdT-mediated dUTP nick end labeling (TUNEL) staining, 
respectively. Cardiac function and apoptosis were detected in MI rats intravenously injected with 
antagomiR-195. Luciferase assay, Western blot and Real-time RT-PCR were employed to clarify 
the interplay between miR-195 and BDNF. 
Results: miR-195 level was dynamically regulated in response to MI and significantly increased in 
ischemic regions 24 h post-MI as well as in hypoxic or H2O2-treated cardiomyocytes. Meanwhile, 
BDNF protein level was rapidly increased in MI rats and H2O2-treated cardiomyocytes. Apoptosis 
in both hypoxic and H2O2-treated cardiomyocytes were markedly reduced and cell viability was 
increased by miR-195 inhibitor. Moreover, inhibition of miR-195 significantly improved cardiac 
function of MI rats. Bcl-2 but not BDNF was validated as the direct target of miR-195. 
Furthermore, BDNF abolished the pro-apoptotic role of miR-195, which was reversed by its 
scavenger TrkB-Fc. 
Conclusion: Up-regulation of miR-195 in ischemic cardiomyocytes promotes ischemic apoptosis 
by targeting Bcl-2. BDNF mitigated the pro-apoptotic effect of miR-195 in rat cardiomyocytes. 
These findings may provide better understanding of the pro-apoptotic role of miR-195 in MI and 
suggest that BDNF/miR-195/Bcl-2 axis may be beneficial for limiting myocardial ischemic injury. 
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Introduction 
Acute myocardial infarction (MI) can lead to 

sudden cardiac death, which is one of the leading 
causes of death and disability worldwide [1]. 
Numerous studies have documented that 
cardiomyocyte apoptosis occurs in border zone of 

infarct scars and in the remote zone of non-infarcted 
myocardium [2-4], which exacerbates the post-MI 
remodeling and aggravates cardiac dysfunction [5]. 
Studies have also suggested that both acute 
substantial cardiomyocyte loss and chronic low levels 
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of apoptosis contributed to the development of heart 
failure [6, 7]. Thus, successfully reversal of 
cardiomyocyte apoptosis during early stage of MI is 
crucial for repairing the injured heart and 
ameliorating cardiac function [8]. 

MicroRNAs (miRNAs or miRs) refer to a group 
of small noncoding RNA molecules, typically 18~25 
nucleotides in length, that function in RNA silencing 
and post-transcriptional regulation of gene expression 
[9]. miR-195 is one of the members of miR-15 family 
including miR-15a, miR-15b, miR-16, miR-195 and 
miR-497 [10]. Recent studies elucidate that miR-195 
plays a critical role in many cardiovascular diseases 
such as cardiac hypertrophy/heart failure, interstitial 
fibrosis and diabetic cardiomyopathy [11-13]. On the 
other hand, studies also suggested that miR-195 
promoted apoptosis in a variety of cell types, e.g. 
hepatocellular carcinoma cells, neural progenitor 
cells, chondrocytes and cardiomyocytes [14-17]. At the 
same time, several apoptotic genes were screened as 
direct targets of miR-195, including Bcl-2, Sirtuin 
(Sirt1) and hypoxia-inducible factor (HIF)-1α 
according to bioinformatical prediction and 
experimental validation [16-18]. However, the role of 
miR-195 in cardiac ischemia-induced apoptosis and 
underlying mechanism is not fully understood. 

Brain-derived neurotrophic factor (BDNF) is a 
member of neurotrophin factors, which is known to 
play key regulatory roles in neuronal activity and 
cognitive functions [19, 20]. Recently, BDNF is 
recognized to protect the heart by regulating the 
central nervous system [21] and promote 
neovascularization of ischemic tissue by recruiting the 
endothelial cells [22]. Our recent findings suggested 
that BDNF/tropomyosin-related kinase B (TrkB) axis 
possessed anti-ischemic apoptosis effect by increasing 
Bcl-2 expression and inhibiting caspase-3 activity [23]. 
Besides, BDNF was reported as a potential target of 
miR-195 based on previous studies [24]. Moreover, 
studies also revealed the link between BDNF and 
miRNAs in retinal ganglion cells and podocytes [25, 
26]. Therefore, our present study focused on the role 
of miR-195, and the association between miR-195 and 
BDNF in ischemic cardiomyocyte apoptosis. 

Materials and methods 
Ethics statement 

This study was approved by the Experimental 
Animal Ethic Committee of Harbin Medical 
University. All experimental procedures conformed 
to the Guide for the Care and Use of Laboratory 
Animals published by the US National Institutes of 
Health (Publication, 8th Edition, 2011). 

Rat MI model 
Male Wistar rats (weight 220 ± 20 g, provided by 

Animal Center of the Second Affiliated Hospital of 
Harbin Medical University, Harbin, China) were 
raised under standard animal room conditions 
(temperature 23 ± 1 °C; humidity 55 ± 5 %) with free 
access of food and water. Rats were randomly divided 
into four groups: sham and MI for 1 h, 6 h or 24 h. MI 
model was established by ligating the left anterior 
descending coronary artery as we previously 
described [23]. Sham-operated animals subjected to 
the same procedure but the coronary ligature was left 
untied. Electrocardiograms before, after ligation and 
at the end of ligation were recorded to confirm the 
ischemic condition. The surgery procedures were 
performed under sodium pentobarbital anesthesia. 
Remote, border and infarcted zones were quickly 
dissected for subsequent Real-time PCR analysis. To 
investigate the effect of miR-195 on ischemic heart 
function, antagomiR-195 (5 mg/kg, RiboBio Co., 
China) or negative control (NC) were injected via tail 
vein in the rats after the left anterior descending 
coronary artery was ligated. AntagomiR-195 is a 
single-stranded RNA analog complementary to the 
sequence of mature miR-195 (5’-UAGCAGCACAGA
AAUAUUGGC-3’) that is chemically modified and 
cholesterol-conjugated from a hydroxyprolinol-linked 
cholesterol solid support and 2’-OMe 
phosphoramidites. 24 h later, they were injected again 
at the same dose. 7 days post-MI, cardiac function was 
detected by echocardiography. To explore the role of 
BDNF on miR-195 in ischemic rat heart, recombinant 
human BDNF (10 μg in 25 μl PBS, R&D Systems, 
USA) and TrkB-Fc (5 μg in 25 μl PBS, 688-TK-100, 
TrkB-Fc chimera, R&D Systems, USA) were 
intramuscular injected into the left ventricles 
according to previous studies [27]. 24 h post-MI 
border zones were collected. 

Echocardiography measurement and 
histological analysis 

Left ventricular function was measured by 
Acuson Sequoia 512 Ultrasound System (Siemens 
Medical Solutions USA, Inc., Mountain View, CA, 
USA). Left ventricular systolic diameter (LVDs), left 
ventricular diastolic diameter (LVDd) was measured, 
and left ventricular ejection fraction (LVEF) and 
fractional shortening (FS) were calculated. For 
histological analysis, border zones were embedded 
with paraffin, sectioned into 5 μm slices. Then, they 
were stained with standard hematoxylin and eosin 
(HE). 

Cell culture and transfection 
Neonatal rat ventricular myocytes (NRVMs) 
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were isolate and cultured according to previous study 
[23, 28]. The isolated cells were cultured with DMEM 
(Corning, USA) and 10% fetal bovine serum (ExCell 
Bio, China). The cardiomyocytes were cultured at 
37°C with 5% CO2 and 95% air. Cells were starved in 
serum-free medium for 12 h, and then transiently 
transfected with miR-195 (50 nM), miR-195 inhibitor 
(100 nM) or negative control (NC), using X-treme 
GENE siRNA transfection reagent (Roche, USA) 
according to the manufacturer's instructions. miR-195 
mimic, inhibitor and NC were synthesized by RiboBio 
Co., Ltd (China). The sequence of miR-195 mimic is 
5'-UAGCAGCACAGAAAUAUUGGC-3', and mimic 
NC is 5’-UUUGUACUACACAAAAGUACUG-3’. The 
sequence of miR-195 inhibitor is 5'-GCCAAUAUUUC
UGUGCUGCUA-3' and inhibitor NC is 
5’-CAGUACUUUUGUGUAGUACAAA-3’, which 
contains 2'-O-methyl modifications. 6h later, the 
culture medium were removed and DMEM 
containing serum was added to the cells. Cy3-labeled 
transfection control (Ribo Bio Co., Ltd, China) were 
used to validate the transfection efficiency. For 
hypoxic treatment, cells were placed in a hypoxic 
incubator (Thermo Scientific Series WJ 8000, USA) 
and were kept at 37°C for 12 h with a constant stream 
of water-saturated 94% N2, 5% CO2, and 1% O2. Then, 
the cells were subsequently treated with different 
concentrations of hydrogen peroxide (H2O2, 50 and 
100 μM) for 4 h or 24 h. H2O2 (100 μM, 4 h) was 
selected. Moreover, recombinant human BDNF (200 
ng/ml, R&D Systems, USA) and/or 4 μg/ml BDNF 
scavenger TrkB-Fc was treated to the cells as 
previously described [23]. Forty-eight hours after 
transfection, cardiomyocytes were collected for total 
RNA isolation or protein extraction. 

RNA extraction and Real-time PCR 
Total RNA were extracted from left ventricles of 

rats or NRVMs using Trizol reagent (Invitrogen, USA) 
according to manufacturer’s protocols. RNA quantity 
was assessed using the NanoDropTM 8000 
spectrophotometer (Thermo Scientific, France). cDNA 
was synthesized using reverse transcriptase kit 
(Roche, USA). Sequences of gene-specific PCR 
primers (Shanghai Generay Biotech Co. Ltd, China) 
used were as follow: miR-195 RT: 
5’-GTCGTATCCAGTGCGTGTCGTGGAGTCGGCA
ATTGCACTGGATACGACGCCAAT-3'; F: 
5’-GGGGTAGCAGCAGCACAGAAAT-3'; R: 
5’-TCCAGTGCGTGTCGTGGA-3'; U6 RT: 
5'-CGCTTCACGAATTTGCGTGTCAT-3'; F: 
5’-GCTTCGGCACATATACTAAAAT-3’; R: 
5’-CGCTTCACGAATTTGCGTGTCAT-3’. Primes of 
miR-15a, -15b, -16, -497 were listed in Supplementary 
Material: Table S1. Quantitative real-time PCR was 

performed in 20 μl volumes with SYBR Green PCR 
Master Mix (Roche, USA) at 95°C for 10 min and 40 
cycles at 95°C for 15 s, 60°C for 30 s and 72°C for 30 s, 
using LightCycler 480 (Roche, USA). miR-195 levels 
were quantified with the 2-ΔΔCt relative quantification 
method that was normalized to U6. 

BDNF level measurement 
BDNF level in ischemic zone of rat left ventricles 

was examined by enzyme linked immunosorbent 
assay (ELISA) according to the manufacturer’s 
instructions (Promega, USA). 

TdT-mediated dUTP nick end labeling 
(TUNEL) staining 

TUNEL staining was employed to detect the 
apoptosis in left ventricles (border zones) and NRVMs 
as described in our previous study [23] using a 
TUNEL fluorescence FITC kit (Roche, USA) according 
to the manufacturer’s instruction. After TUNEL 
staining, the cardiomyocytes were immerged into 
DAPI (1:30, Beyotime Biotechnology, China) solution 
to stain nuclei. Fluorescence staining was viewed by 
microscope (Olympus, BX-60, Japan) or a Laser 
Scanning Confocal Microscope (FV1000, Olympus, 
Japan). The apoptotic rate was calculated as 
TUNEL-positive cells per field. 

Cell viability assay 
MTT (3-[4, 5-dimethylthiazol-2-yl]-2, 5 diphenyl 

tetrazolium bromide) assay was used to examine the 
viability of cardiomyocytes. The cells were treated as 
designated and were subsequently incubated with 20 
μl MTT (0.5 mg/ml) for 4 h. Then, 200 μl Dimethyl 
sulphoxide (DMSO) was added to each well to 
dissolve the formazan after removing the culture 
medium. The absorbance values were examined at 
490 nm wavelength using an Infinite M200 microplate 
reader (Tecan, Salzburg, Austria) after rocking the 
cells for 10 min. 

Luciferase activity assay 
The luciferase reporter assay was performed as 

previously described [29]. Briefly, luciferase reporters 
containing full-length wild-type 3’UTR of BDNF were 
constructed using pmiR-RB-REPORTTM vector. Then, 
293T cells were seeded in a 24-well plate and 
co-transfected with 0.5 mg plasmid and miR-195 
mimic or NC by riboFectTM (Guangzhou Ribo Bio 
Co., Ltd). Renilla luciferase was used as an internal 
control. Forty-eight hours later, the cells were 
collected, and firefly and Renilla luciferase activities 
were measured in Dual-Glo® Luciferase Assay 
System (Promega, Madison, WI, USA). 
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Western blot 
Total protein was extracted from the 

cardiomyocytes as described in previous studies [23, 
29]. Briefly, proteins were separated by 
electrophoresis on SDS-polyacrylamide gels and 
transferred moist to nitrocellulose filter membranes. 
Membranes were incubated with anti-BDNF (A1307, 
1:500, Abclonal, China), anti-TrkB (A2099, 1:500, 
Abclonal, China) or anti-Bcl-2 (ab7973, 1:500, Abcam, 
USA) antibody overnight at 4°C. After washing, the 
membrane was incubated with IRDye secondary 
antibodies (LI-COR) for 1 h. The images were 
captured by the Odyssey CLx Infrared Imaging 
System (LI-COR Biosciences, Lincoln, NE, USA). 
Western blot bands were quantified by measuring 
intensity in each group using Odyssey CLx version 2.1 
with anti-GAPDH antibody (TA-09, 1:1000, ZSGB-Bio, 
China) as an internal control. 

Annexin V-FITC/propidium iodide (PI) staining 
assay 

An Annexin V-FITC Apoptosis Detection kit was 
used to examine early apoptosis (Annexin 
V-FITC+/PI−, Q4), late apoptosis (Annexin 

V-FITC+/PI+, Q2), and necrosis (Annexin 
V-FITC−/PI+, Q1) according to the manufacturer's 
instructions (Vazyme, Nanjing, China). The cells were 
digested with 0.25% trypsin and collected by 
centrifugation after treatment. Then, the cells were 
washed twice with PBS and stained with Annexin 
V-FITC for 15 min and PI for 5 min. The apoptotic 
cells were detected by flow cytometry (BD Bioscience, 
USA). 

Statistical analysis 
All data are expressed as mean ± SEM and 

analyzed by GraphPad Prism 5.0 software. 
Two-group comparisons were performed by 
Student’s t test. Multiple-group comparisons were 
carried out using one-way ANOVA followed by 
Dunnet’s t-test. A two-tailed P < 0.05 was considered 
to be significant. 

Results 
miR-195 and BDNF were dynamically 
regulated in response to myocardial ischemic 
injury 

Because infarct healing is a dynamic process 
involving specific regional and temporal changes 
in cardiomyocytes, we first examined the 
expression of miR-195 in different zones after MI 
for 1 h, 6 h and 24 h, respectively. Real-time PCR 
analysis revealed that miR-195 level was rapidly 
decreased in infarcted and border zones (Fig. 1A, 
B) whereas dramatically increased in remote 
zone 1 h after ischemic injury (Fig. 1C). 
Interestingly, miR-195 level was found to be 
elevated in infarcted and border zone while 
reduced in remote zone during the ischemic 
process. And miR-195 level was markedly higher 
in both infarcted and border zones 24 h after 
ischemic injury than sham rats (Fig. 1A, B). In 
contrast, it was significantly lower in remote zone 
of MI rats compared with sham rats (Fig. 1C). The 
expression of other miR-15 family members 
including miR-15a, miR-15b, miR-16, and 
miR-497 were also examined in infarcted, border 
and remote zones, respectively. As shown in 
Supplementary Material: Fig. S1, miR-15a, -15b, 
-16 and -497 were all increased in 24 h post-MI 
compared with sham rats. Thus, the expression of 
these four miRNAs together with miR-195 had 
different amplitudes and characteristics in 
response to MI although belonging to the same 
family. Meanwhile, BDNF level in ischemic 
myocardium was found rapidly increased at 1 h 
and 6 h post-MI and recovered 24 h post-MI (Fig. 
1D). Thus, both miR-195 and BDNF are 

 

 
Figure 1. miR-195 and BDNF levels were dynamically regulated in different regions of 
rat myocardium in response to ischemic injury. (A, B) Real-time PCR analysis indicates 
that miR-195 is increased in the infarcted and border zones 24 h after myocardial 
infarction (MI). (C) miR-195 is decreased in remote zone in rat myocardium 24 h after 
MI. (D) BDNF level in ischemic zone of rat ventricles. *p<0.05, **p<0.01 vs. sham, n = 
3. 
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dynamically regulated in response to MI. 

miR-195 mimic and inhibitor transfection 
validation 

Cy3-labeled transfection control was used to 
examine the transfection efficiency of miR-195 mimic 
and inhibitor. As displayed in Supplementary 
Material: Fig. S2, Cy3-labeled transfection control (red 
color) was widely distributed around the nuclear 
(stained in blue with DAPI), which suggested that the 
transfection efficiency satisfied with experimental 
requirements. Then, to overexpress or knockdown 
miR-195 expression, miR-195 mimic or inhibitor was 
transfected into the cardiomyocytes. We further 
validate the miR-195 level using Real-time PCR. We 
found that miR-195 level was significantly increased 
after transfecting with miR-195 mimic (~557 folds, 
p<0.01, Fig. 2A). Moreover, miR-195 was markedly 
decreased in miR-195 inhibitor transfection group 
compared with non-transfection group (~0.28 fold, 
p<0.001, Fig. 2B). These findings strongly supported 
that miR-195 mimic or inhibitor were successfully 
transfected into the cardiomyocytes to upregulate or 
downregulate miR-195, respectively. 

miR-195 inhibitor prevented hypoxia-induced 
cardiomyocyte apoptosis 

Cardiomyocytes were subjected to hypoxia to 

simulate ischemic status in vitro. Consistently, we 
found that the miR-195 level was significantly higher 
in hypoxic cells than normoxia cells (Fig. 3A). In 
addition, TUNEL assay was used to detect the role of 
miR-195 in hypoxia-induced cardiomyocyte 
apoptosis. It was observed that the TUNEL-positive 
cells were significantly increased in hypoxia group, 
which was diminished by miR-195 inhibitor but not 
by miR-NC (Fig. 3B, C). These data implied that 
miR-195 inhibitor prevented hypoxia-induced 
cardiomyocyte apoptosis. 

 

 
Figure 2. miR-195 mimic and inhibitor transfection validation. (A) Real-time 
PCR analysis indicated that miR-195 level was dramatically increased after 
transfecting with miR-195 mimic compared with control group. (B) miR-195 
level was markedly decreased after transfecting with miR-195 inhibitor 
compared with control group. **p<0.01 vs. control, ***p<0.001 vs. control, 
n = 3. 

 

 
Figure 3. miR-195 inhibitor attenuated hypoxia-induced cardiomyocyte apoptosis. (A) Real-time PCR analysis indicates that miR-195 is increased in hypoxia-treated 
cardiomyocytes. (B) Statistical results of TUNEL-positive cells per field. (C) Representative images of TUNEL staining of cardiomyocyte showing the apoptotic cells 
(apoptotic cells stained in green and nucleus stained in blue with DAPI). *p<0.05 vs. control, #p<0.05 vs. hypoxia, n = 5, scale bar: 100 μm. 
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Figure 4. miR-195 inhibitor protected against cardiomyocyte injury induced by hydrogen peroxide (H2O2). (A, B) Cultured neonatal rat cardiomyocytes were 
exposed to different concentration of of H2O2 (50, 100 μM) for 4 h, or different timepoints (4 h, 24 h) at 100 μM. (C) MTT assay suggested that miR-195 inhibitor 
restored cell viability after H2O2 treatment. *p<0.05, **p<0.01 vs Control, #p<0.05 vs H2O2, &p<0.05 vs miR-195 inhibitor, n = 5. 

 
Figure 5. miR-195 inhibitor attenuated H2O2-induced cardiomyocyte apoptosis. (A) Real-time PCR analysis indicates that miR-195 is increased in H2O2-treated 
cardiomyocytes. (B) Western blot bands of BDNF and TrkB in control and H2O2-treated cardiomyocytes. (C, D) Statistical results of protein level of BDNF and TrkB, 
*p<0.05, n = 5. (E) Statistical results of TUNEL-positive cells per field. (F) Representative images of TUNEL staining of cardiomyocyte showing the apoptotic cells 
(apoptotic cells stained in green and nucleus stained in blue with DAPI). *p<0.05 vs. control, #p<0.05 vs. H2O2, &p<0.05 vs. +miR-195 mimic, n = 5, scale bar: 100 μM. 

 

miR-195 inhibitor prevented H2O2-induced 
cardiomyocyte apoptosis 

Consistent with previous study [28], cell viability 
was significantly decreased by 50 μM and 100 μM 
H2O2 for 4 h, meanwhile markedly decreased after 
H2O2 treatment for 4 h and 24 h at 100 μM (Fig. 4A, B). 
Accordingly, H2O2 reduced cardiomyocyte viability in 
a concentration and time-dependent manner and 100 

μM H2O2 treated for 4 h was chosen for subsequent 
experiments. We found that cell viability treated with 
H2O2 was restored by miR-195 inhibitor but not by 
miR-NC (Fig. 4C). In agreement with hypoxia, 
miR-195 level was found to be increased in 
H2O2-treated cardiomyocytes compared with control 
cells (Fig. 5A). Western blot analysis indicated that 
BDNF and TrkB were significantly increased in 
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H2O2-treated cardiomyocytes (Fig. 5B-D). 
Furthermore, we found that the TUNEL-positive cells 
were significantly increased by miR-195 mimic in 
H2O2-treated group, which was reversed by miR-195 
inhibitor but not by miR-NC (Fig. 5E, F). These results 
together suggested that miR-195 is pro-apoptotic in 
H2O2-treated cardiomyocytes. Meanwhile, 
knockdown of endogenous miR-195 prevented 
H2O2-induced apoptosis of cardiomyocytes. 

AntagomiR-195 improved cardiac function in 
MI rats 

EF and FS were markedly decreased in MI+NC 
rats compared with sham rats, which was 
significantly restored by antagomiR-195 (Fig. 6A, B). 
Meanwhile, MI-induced increment of LVDs and 
LVDd were reduced in antagomiR-195 rats (Fig. 6C, 
D). HE staining displayed that cardiac injury induced 
by MI was markedly attenuated by antagomiR-195 
but not by NC (Fig. 7A). Moreover, the role of 
miR-195 in MI-induced cardiomyocyte apoptosis was 
also validated in rats. As shown in Fig. 7B, C, TUNEL 
positive cells were markedly decreased in 
antogomiR-195-treated MI rats compared with 
MI+NC rats. Consistently, Bcl-2 protein expression 
was found upregulated by antagomiR-195 (Fig. 7D, 
E). So, these data together supported that inhibition of 
miR-195 improved cardiac function in MI. 

Interplay between miR-195 and BDNF 
We further examined the possible interaction 

between miR-195 and BDNF. As illustrated in Fig. 8A, 
the 3’UTR of Bdnf has one binding site of miR-195. We 
detected the protein expression of BDNF after 
transfected with miR-195 mimic or inhibitor. And no 
significant change was observed among control, 
miR-195 mimic and miR-195 inhibitor groups (Fig. 8B, 
C). Then, luciferase assay was further employed to 
validate the regulatory effect of miR-195 on BDNF. 
Consistent to western blot results, no significant 
change of luciferase reporter activity was found 
between miR-195 mimic and NC (Fig. 8D). These 
findings demonstrated that BDNF is not a direct 
target of miR-195. Besides, previous bioinformatical 
analysis and experimental studies have proved the 
anti-apoptotic factor Bcl-2 was a direct target of 
miR-195 [18]. In our present study, we found that 
protein expression of Bcl-2 was significantly inhibited 
by miR-195 mimic (Fig. 8E, F), and validated the 
relatioship between miR-195 and Bcl-2. On the other 
hand, we tried to clarify the effect of BDNF on 
miR-195 by detecting miR-195 level after 
administering with BDNF or its blocker TrkB-Fc in 
both rats and NRVMs. We found that miR-195 level 

was obviously repressed by BDNF, which could be 
antagonized by TrkB-Fc both in vivo and in vitro (Fig. 
9A, B). Next, we found that BDNF increased cell 
viability H2O2 treatment and was reversed by TrkB-Fc 
(Fig. 9C). Finally, flow cytometry was utilized to 
validate the protective role of BDNF. We found that 
the apoptosis rate was increased by H2O2 and 
diminished by BDNF, which was reversed by TrkB-Fc 
(Fig. 9D, E). Taken together, these findings suggested 
that BDNF inhibited miR-195 expression and 
prevented cardiomyocyte apoptosis. 

Discussion 
The present study demonstrated that miR-195 

was up-regulated in both ischemic myocardium and 
hypoxia/H2O2-induced cardiomyocytes. 
Up-regulation of miR-195 in ischemic cardiomyocytes 
promotes ischemic apoptosis by targeting Bcl-2. 
BDNF mitigated the pro-apoptotic effect of miR-195 in 
cardiomyocytes. These findings suggest that 
BDNF/miR-195/bcl-2 axis may be beneficial for 
repairing the ischemic cardiomyocytes. 

 
 

 
Figure 6. Improvement of cardiac function by antagomiR-195 in MI rats. (A) 
Ejection fractions. (B) Fractional shortening. (C) Left ventricular systolic 
diameter (LVDs). (D) Left ventricular diastolic diameter (LVDd). *p<0.05, 
**p<0.01 vs. sham, #p<0.05 vs. MI+NC, n = 5. 
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Figure 7. AntagomiR-195 inhibited cardiac injury and apoptosis by upregulating Bcl-2 in MI rats. (A) Representative HE staining pictures, scale bar: 50 μM. (B) 
Representative images of TUNEL staining in rat myocardium (apoptotic cells stained in brown), scale bar: 50 μM. (C) Statistical results of TUNEL-positive cells per 
field. (D) Western blot bands of Bcl-2 in sham, MI+NC and MI+antagomiR-195 rat hearts. (E) Statistical results of protein level of Bcl-2. *p<0.05 vs. sham, #p<0.05 
vs. MI+NC, n = 5. 

 
Figure 8. Target validation of miR-195. (A) Sequence alignment show between miR-195 and the binding sites in the 3’UTR of the Bdnf gene. (B) Representative 
western blot bands of BDNF. (C) Statistical results of protein level of BDNF in miR-195 mimic and NC group, n = 3. (D) The interaction between miR-195 and its 
binding sites in the 3’UTR of Bdnf was examined by luciferase assay in HEK293 cells, n = 3. (E) Representative western blot bands of Bcl-2. (F) Statistical results of 
protein level of Bcl-2 in miR-195 mimic and NC group, *p<0.05, vs. control, n = 3. 
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Figure 9. BDNF inhibited miR-195 expression and protected cardiomyocytes against H2O2-induced apoptosis. (A) Real-time PCR analysis indicates that miR-195 
level is reduced by BDNF and restored by TrkB-Fc, *p<0.05, vs. control, #p<0.05 vs H2O2, &p<0.05 vs +BDNF, n = 5. (B) MTT assay showed that BDNF improved 
cell viability in H2O2-treated cardiomyocytes and was reversed by TrkB-Fc, *p<0.05, vs. control, #p<0.05 vs H2O2, &p<0.05 vs +BDNF, n = 5. (C) The quantitative 
presentation of apoptotic cells by Annexin V-FITC/propidium iodide (PI) staining, *p<0.05, vs. control, #p<0.05 vs H2O2, &p<0.05 vs +BDNF, n = 3. (D) 
Representative Annexin V-FITC/PI staining pictures. 

 
The regulation of miR-195 is spatial, temoral and 

dynamic, and its expression profile depends on 
species and pathological stress [30-32]. In an earlier 
study by Hullinger et al. [30], miR-195 was found to 
be up-regulated in the infarcted zone 24 h after 
ischemic-reperfusion (IR) injury in the porcine MI 
model but did not significantly increased in the 
border zone. Another study reported that miR-195 
was downregulated in both border and infarct zone of 
mice in response to MI [31]. In contrast, we noted that 
miR-195 expression elevated in both infarcted and 
border zones and reduced in remote zone in response 
to MI. Moreover, it has also been reported that only 
miR-15b but no other miR-15 family members was 
upregulated in mouse heart subjected to IR for 2 or 7 
days [32]. These different results may at least partly be 
explained by distinct species and animal models. 

We focused on miR-195, as this miR has been 
previously reported as a miR with potential 
pro-apoptotic properties [14-17], but to the best of our 
knowledge, the present study firstly demonstrated the 
critical role of miR-195 in ischemic apoptosis and 
heart function. In previous studies, miR-195 mimic 
inhibited the protein level of Bcl-2 and contributed to 
podocyte apoptosis by increasing caspase-3 in 
high-glucose culture podocytes [33]. In 
cardiomyocytes, up-regulation of miR-195 expression 
promoted apoptosis and ROS production after 

palmitate-stimulation [17]. In line with these studies, 
our data demonstrated that knockdown of miR-195 
alleviated cardiomyocyte apoptosis. Considering 
several previous studies have proved that Bcl-2 was 
an important direct target of miR-195 [17, 18]. Only 
western blot was employed to validate the effect of 
miR-195 mimic on Bcl-2 protein expression in the 
cardiomyocytes.  

There is controversy in regarding of whether 
BDNF is the direct target of miR-195. Mellios et al. 
proposed that miR-195 potentially target 
3'-untranslated region of BDNF using luciferase 
assays [24]. But they did not validate the protein 
expression of BDNF after transfection of miR-195 
mimic. On the contrary, recent studies pointed out 
that BDNF is not the target of miR-195 according to 
luciferase assay results [34-36]. To clarify this 
question, both luciferase assay and western blot 
experiments were employed in the present study. 
And our data suggested that transfection with 
miR-195 mimic could not reduce luciferase report 
activity. Consistently, neither miR-195 mimic nor 
miR-195 inhibitor changed the protein expression of 
BDNF. Therefore, our findings supported that BDNF 
is not a direct target of miR-195. On the other hand, 
protein level of BDNF was also dynamically regulated 
(rapidly increased after 1 h ischemia and gradually 
decreased after 24 h ischemia) in response to ischemic 
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injury. Interestingly, we noted an inverse relationship 
between BDNF and miR-195 expression. So we 
examined the effect of BDNF on miR-195 and found 
that miR-195 was negatively regulated by BDNF. Our 
previous study has proved that BDNF treatment 
up-regulated Bcl-2 expression [23], which is widely 
accepted as a direct target of miR-195 [18]. 
Incorporating with these studies, we speculated the 
protective role of BDNF/miR-195/Bcl-2 axis against 
ischemic apoptosis. Likewise, we noted that previous 
studies by Iekushi et al. demonstrated that bone 
marrow-derived mononuclear cells released 
insulin-like growth factor-1 (IGF-1), and prevented 
cardiomyocyte apoptosis by blocking expression of 
the precursor and the mature miR-34a [37]. This study 
indicates that the effect of cytokines/growth factor on 
miRNAs maybe a general phenomenon. Such possible 
interactions may provide further evidence for 
exploring upstream of miRNAs in cardiomyocytes. 

In conclusion, this study suggested that 
BDNF-mediated down-regulation of miR-195 
inhibited ischemic cardiomyocyte apoptosis, which 
may provide novel idea for treatment of ischemic 
heart diseases. 
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