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Abstract: Diabetic cardiomyopathy (DCM) is a major complication of diabetes that contributes to the subsequent 
development of heart failure and increased mortality. Cardiomyocytes apoptosis is considered an important cause 
for the cardiomyopathy. MicroRNAs have been reported to regulate cell growth, differentiation and cell apoptosis 
in variety of diseases including cardiovascular disease. However, little is known about the microRNAs regulating 
cardiomyocytes apoptosis in DCM. We established a rat model of DCM and carried out a microarray to identify the 
differentially expressed microRNAs in myocardial tissue. Our findings showed that the expression of miR-30b was 
significantly upregulated in diabetic rats. The present study was designed to investigate the pathogenic role of miR-
30b in the development of DCM. To explore the molecular mechanisms involved, we performed in vitro experiments 
using cultured H9c2 cells. Our results showed that miR-30b expression was associated with high glucose and 
increased cardiomyocytes apoptosis. Decreased expression of miR-30b by transfecting with miR-30b inhibitor was 
found to inhibit apoptosis in cardiomyocytes exposed to high glucose. The 3’UTR of Bcl-2 was cloned downstream of 
a luciferase reporter construct and co-transfected into HEK293 cells with miR-30b mimic. The results of luciferase 
assay indicated that Bcl-2 might be a direct target of miR-30b. The expression of Bcl-2 was downregulated in cardio-
myocytes transfected with miR-30b mimic, which consequently induced cellular apoptosis. In conclusion, our study 
demonstrates that miR-30b is involved in the regulation of high glucose-induced apoptosis by targeting Bcl-2, which 
may provide a novel therapeutic strategy for the treatment of DCM.
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Introduction

Diabetes mellitus remains a worldwide health 
problem and is known to be associated with 
increased risk of cardiovascular morbidity and 
mortality even in the absence of hypertension 
and coronary atherosclerosis [1]. Diabetic car-
diomyopathy (DCM) is a major diabetic compli-
cation [2].

Several studies have shown that hyperglycemia 
as an independent risk factor directly causes 
cardiac damage, leading to diabetic cardiomy-
opathy [3-6]. Apoptosis of cardiomyocytes is 
considered a significant consequence of inflam-
matory response and oxidative stress, which is 
attributable to hyperglycemia in the cardiac tis-
sue and a key pathological change in DCM [7]. 
Studies have confirmed that cardiomyocytes 
apoptosis is the cause of contractile units lost 

and reparative fibrosis in DCM [8]. It is believed 
that cardiomyocytes apoptosis increased in 
hearts from streptozotocin (STZ)-induced dia-
betic animals [9]. Therefore, management of 
diabetes-associated heart disease is a major 
concern that has not been effectively add- 
ressed. 

MicroRNAs (miRs) are involved in the patho- 
genesis of DM or DM-associated complica- 
tions [10-12]. miR-21 contributes to myocardial 
impairment by regulating MAP kinase transduc-
tion pathway in cardiac fibroblasts [13]. miR-
133a, miR-200c plays a role in diabetes-
induced cardiomyocyte hypertrophy [14, 15]. 
miR-1/miR-206 regulates cardiomyocytes apo- 
ptosis in diabetic cardiomyopathy by targe- 
ting IGF1 and Hsp60 and miR-30c mediates 
upregulation of Cdc42 and Pak1 in Diabetic 
Cardiomyopathy [16, 17]. These findings sug-
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high-glucose treatment, cells were starved in 
DMEM containing 0.1% FBS for 24 h and incu-
bated in DMEM containing either 50 mM 
D-glucose (High-glucose group) or 5.5 mM 
(Normal-glucose group) for 0-72 h [19].

miRNA profiling

Total RNA was extracted from cardiac tissue of 
rat model of DCM using the RecoverAll Total 
RNA Isolation Kit (Ambion Inc, Austin, TX). RNA 
qualities were assessed with NanoDrop 2000 
to determine the concentration and 260/280 
ratio and TaqMan RT-PCR for a discrete panel 
of miRs. Three total RNA samples passing the 
quality examination from three cardiac tissues 
were used for miR profiling studies by Asuragen 
Inc (Austin, TX). One hundred nanograms of 
total RNA per sample was purified and hybrid-
ized to Affymetrix Gene Chip miRNA arrays 
(Santa Clara, CA), which contain probes of 847 
rat-specific mature miRNAs. The intensity val-
ues of the microarray data were subjected to 
robust multi-array average background correc-
tion and quartile normalization, followed by 
mean summarization. A two-way ANOVA was 
performed to distinguish genes significantly 
changed between Normal and DCM group.

Real-time PCR

Total RNA was isolated from myocardial tiss- 
ues and cardiomyocytes using TRIzol Reag- 
ent (Invitrogen). RNA was reverse transcribed 
using SuperScript First Strand cDNA System 
(Invitrogen) according to the manufacturer’s 
instructions. Quantitative PCR was conducted 
using SYBR Green Taq Mix (Takara) on a Bio-
Rad Real-Time PCR System, and β-actin was 
used as internal control for normalization. For 
miRNA real-time PCR, the miR-specific primers 
from the TaqMan miR assays (Applied Bio- 
systems) were applied, and the snRNA U6 was 
used as an endogenous reference.

Western blotting 

Protein homogenates were prepared from car-
diomyocytes. Equal amounts of protein (50 μg) 
were separated by SDS/PAGE (10% gel), trans-
ferred on to nitrocellulose membranes and 
blocked by 5% non-fat milk. The membranes 
were incubated with primary antibodies at 4°C 
overnight, and then were incubated with horse 
radish peroxidase (HRP)-conjugated secondary 

gest that miRs are important mediators in DCM 
and might be potential therapeutic targets to 
prevent diabetes-related heart disease.

The underlying molecular mechanism for hyper-
glycemia-induced cardiomyocytes apoptosis 
comprises of an extensive network of signaling 
pathways [18] and few miRs hyperglycemia-
induced cardiomyocytes apoptosis have been 
reported so far. Thus, far more miRs and their 
underlying functions in diabetes-related heart 
disease are required to be demonstrated. 

In this study, we aimed to identify miR biom- 
arkers in myocardial tissue from a rat model of 
diabetic cardiomyopathy (DCM) and to explore 
the potential pathogenic role of differentially 
expressed miRs in diabetes-induced cardiomy-
opathy. We showed that miR-30b is significantly 
increased in myocardial tissue with DCM and 
that increased miR-30b levels lead to increased 
cardiomyocytes apoptosis through downregula-
tion of Bcl-2, a negative regulator of apoptosis.

Materials and methods

Animal model of diabetic cardiomyopathy

High-fat diet (HFD) and two low-dose strepto-
zotocin (STZ) were used to develop the DCM rat 
model according to the described protocol by 
Zhang et al. [9]. Briefly, male Wistar rats (n = 6) 
(approximately 180 g of body weight) were fed 
with HFD (22% fat, 48% carbohydrate, and 20% 
protein) for four weeks, followed by two injec-
tions of STZ (i.p. 30 mg/kg body weight, in 0.1 
M sodium citrate buffer and pH 4.4), a week 
apart. Sex and body weight matched control 
rats were given an equal volume of citrate buf-
fer. DCM was confirmed by echocardiography 
(two-dimensional M-mode echocardiography), 
morphological, histopathological examination. 
Animal handling conformed to the guidelines 
for care and use of experimental animals es- 
tablished by the Ethical Committee of Animal 
Experiments. 

Cell culture and induction of high-glucose state 
in cells

Rat cardiomyocytes cell line (H9c2) derived 
from the rat embryonic heart was purchased 
from the Chinese Academy of Science cell 
repository and was cultured in DMEM and sup-
plemented with 10% fetal bovine serum. For 
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wild-type or mutant construct with and without 
miRNA mimic or negative control. Luciferase 
activity was detected 48 hours after transfec-
tion using the Dual Luciferase Reporter Assay 
System (Promega).

antibodies at room temperature for 1 hour. The 
antibody-antigen reactions were visualized by 
using the ECL Plus Western Blotting Detection 
System (GE Healthcare, Piscataway, NJ). The 
density of blots was analyzed by ImageJ soft-

Figure 1. Differentially expression of miRs identified by Affymetrix microRNA 
microarray in myocardial tissue of DCM. A. Heatmap of differentially expres-
sion of miRs. B. Real-time analysis of miR-30b in 10 myocardial tissues of 
Normal and DCM group. The relative amount of miRNA was normalized to 
U6 snRNA. Triplicate assays were performed for each RNA sample, P < 0.01 
compared with Normal group.

ware (National Institutes of 
Health, Bethesda, MD). The 
relative expression of proteins 
is expressed as the ratio of 
blot density from individual 
protein to β-actin. The anti-
bodies were purchased from 
Cell Signaling Technology and 
were used at manufacturer-
recommended dilutions. 

Annexin V-FITC/PI staining

Cell apoptosis was analyzed 
by flow cytometry (FACS Ca- 
libur, BD) as described previ-
ously [20]. According to the 
manufacturer’s instructions 
for the Annexin V-FITC/PI 
Apoptosis Detection Kit (BD 
Biosciences), H9c2 cells tr- 
eated with high glucose for 
0-72 h, and cells transfected 
with inhibitors/NCs for 36 h, 
were collected. The apoptotic 
rate was calculated as the 
percentage of Annexin V-po- 
sitive and PI-negative cells 
divided by the total number of 
cells in the gated region. 

Luciferase reporter assay

To confirm whether Bcl-2 was 
a direct target of miR-30b,  
we performed luciferase re- 
porter experiments in HEK- 
293 cells. The 3’-untranslated 
regions (UTR) of Bcl-2 were 
cloned into the downstream 
of luciferase gene to gene- 
rate Luc-Bcl-2-Wt vector. The 
3’-UTR without predicted miR-
30b binding site was con-
structed to generate Luc-Bcl-
2-Mut vector. For luciferase 
assay, cells were plated in 
24-well culture plates, and 
then transfected with either 
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Figure 2. Determination of cell apoptosis in cardiomyocytes in high and normal level of glucose group. A. The cell apoptosis detected by Annexin V/PI staining by flow 
cytometry in cardiomyocytes exposed to high level of glucose. B. The cell apoptosis detected by Annexin V/PI staining by flow cytometry in cardiomyocytes exposed 
to normal level of glucose. C. The columns show the qualification of apoptotic rates in the charts in the upper panel. P Values are significantly different from Ctrl. 
**P < 0.01 Vs. 0 h group.
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sistent with the microarray findings, miR-30b 
was shown to be dramatically upregulated in 
DCM group (Figure 1B).

High levels of glucose induced cardiomyocyte 
H9c2 apoptosis in vitro

To explore whether the induction of cell apopto-
sis in myocardium of diabetic mice is related 
directly to hyperglycemia, we used cardiomyo-
cytes H9c2 to determine the effect of high lev-
els of glucose on apoptosis in cultured cells 
and detected by Annexin V/PI staining by flow 
cytometry. As shown in Figure 2, the apoptosis 
rate of cardiomyocytes increased gradually 
with prolonged incubation in high levels of glu-
cose (Figure 2A and 2C), while there was no 
changes in normal glucose group (Figure 2B 
and 2C). 

MiR-30b expression was increased in high 
glucose treated cardiomyocytes

High glucose treated cardiomyocytes showed 
significantly increased apoptotic protein (cle- 

miRNA inhibition

For cellular miRNA inhibition, cardiomyocytes 
were seeded in antibiotic-free medium for 24  
h before transfection and transfected with  
miR-30b inhibitor (Ambion; IDAM11060; 40 
nmol/L), using Lipofectamine 2000 (Invitrogen). 
miR-30b inhibitor was complexed with trans-
fection reagent in Opti-MEM reduced serum 
medium (Invitrogen) and added directly to cells. 
After six hours, 1% FBS was added to the cells 
and were treated with high glucose group for 
48 h. Then cells were collected for quantifica-
tion of miRNA and protein expression. Scra- 
mbled sequence of anti-miR-30b was used as 
negative control [21].

Statistical analysis

All data in this study are expressed as mean ± 
SD, and differences between groups were 
determined using analysis of variance (ANOVA) 
with SPSS version 18.0. P < 0.05 was consid-
ered statistically significant. 

Figure 3. High level of glucose induced the expression of miR-30b in cardio-
myocytes. A. Western Blot analysis of cleaved-Caspase-3, cleaved-PARP and 
Bcl-2 expression in high glucose treated cardiomyocytes (left). The histogram 
shows the average optical density normalized to the loading control, β-actin 
(right). B. Real-time PCR analysis of miR-30b expression in cardiomyocytes 
after incubating in high level of glucose and the relative amount of miRNA 
was normalized to U6 snRNA. C. Real-time PCR analysis of miR-30b expres-
sion in cardiomyocytes after incubating in normal level of glucose. Triplicate 
assays were performed for each RNA sample. **P < 0.01 compared with 0 
h control.

Results

MiR-30b expression was 
upregulated in DCM

To identify the differentially 
expressed miRs in myocardial 
tissue of DCM, We estab-
lished a rat model of diabetic 
cardiomyopathy (DCM) and 
compared miR expression 
from myocardial tissue in nor-
mal and DCM group. Using 
microRNA microarray, we id- 
entified 13 miRs with > 1.2-
fold differences in their ex- 
pression in myocardial tissue 
samples including baseline 
and repeated samples from 6 
rats. Of these, miR-30b was 
upregulated nearly 2.5-fold in 
the myocardium of DCM 
group compared with Normal 
group (Figure 1A). The differ-
ential expression of miR-30b 
was validated by Real-time 
PCR including 10 myocardial 
tissues from rats with or with-
out DCM respectively. Con- 
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Figure 4. MiR-30b was involved in the regulation of high glucose-induced apoptosis. A. Cardiomyocytes were transfected with miR-30b inhibitor or Scrambled se-
quence as a negative control and then exposed to high glucose for 48 hours. Cardiomyocytes were collected and stained with Annexin V/PI and then subjected to 
flow cytometry to detect apoptosis. B. The qualification of apoptotic rates in the charts in the upper panel. **P < 0.01 significantly different from normal glucose 
group. ##significantly different from high glucose group. C. Western Blot analysis of cleaved-Caspase-3, cleaved-PARP and Bcl-2 expression in high glucose treated 
cardiomyocytes (left). The histogram shows the average optical density normalized to the loading control, β-actin (right).
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Discussion

DCM is an important cardiovascular complica-
tion in diabetic patients, which carries a sub-
stantial risk for the subsequent development of 
heart failure and increased mortality. In the 
present study, we established a high-fat diet 
(HFD) and two low-dose streptozotocin (STZ)-
induced diabetic rat model to investigate the 
potential role of miRs in the pathogenesis of 
DCM. Our results showed that miR-30b expres-
sion was significantly upregulated in the myo-
cardium of diabetic rats, which might be ass- 
ociated with increased cardiomyocytes apo- 
ptosis and impaired cardiac function. We then 
performed in vitro experiments using cultured 
cardiomyocytes, and our findings revealed that 
high glucose could induce apoptosis by regulat-
ing mir-30b/Bcl-2 pathway.

MiRNAs are a class of small endogenous non-
coding RNAs (20-25 nucleotide long) that regu-
late the expression of target genes by binding 
to their 3’-UTR regions, leading to translational 
repression or mRNA degradation [22]. In this 
study, we found that miR-30b was upregulated 
in cardiomyocytes exposed to high level of glu-
cose. Among the putative targets of miR-30b, 
we focused on Bcl-2, a gene functions as an 
anti-apoptotic gene. We cloned the 3’UTR of 

aved-Caspase-3 and cleaved-PARP) expression 
and decreased anti-apoptotic protein (Bcl-2) 
expression (Figure 3A). Also, miR-30b expres-
sion was increased gradually with prolonged 
incubation in high levels of glucose (Figure 3B) 
(P < 0.01), while there was no changes in nor-
mal glucose group (Figure 3C). 

MiR-30b was involved in the regulation of high 
glucose-induced apoptosis

Previously, we found that high glucose was 
associated with increased miR-30b expression 
and elevated cardiomyocytes apoptosis. Here, 
we found that a decreased apoptosis in cardio-
myocytes transfected with miR-30b inhibitor 
(Figure 4A and 4B), which consequently result-
ed in decreased the expression of apoptosis-
related protein (Figure 4C), suggesting that 
miR-30b inhibitor could decrease high glucose-
induced cardiomyocytes apoptosis.

Apoptosis-related gene Bcl-2 is a direct target 
of miR-30b

Among the putative targets of miR-30b, we 
focused on Bcl-2, which belongs to Bcl-2 family 
that governs mitochondrial outer membrane 
permeabilization and functions as an anti-
apoptotic gene (Figure 5A). The 3’-UTR of Bcl-2 

Figure 5. Apoptosis-related gene Bcl-2 is a direct target of miR-30b. A. Bcl-
2 was predicted as a target gene of miR-30b using miRBase. B. HEK293 
cells were transfected with miR-30b mimic and luciferase constructs of Bcl-2 
3’UTR (Luc-Bcl-2-Wt) or mutant (Luc-Bcl-2-Mut). Luciferase activity was de-
tected 48 hours after transfection. **P < 0.01. C, D. Cardiomyocytes were 
transfected with miR-30b mimic. The mRNA and protein expression of Bcl-2 
was determined by real-time PCR and Western blot. E. The correlation be-
tween the expression of Bcl-2 and miR-30b in a rat model of DCM.

was fused to the luciferase 
coding region and transfected 
into HEK293 cells with miR-
30b mimic. The luciferase 
assay indicated that Bcl-2 
was a direct target of miR- 
30b (Figure 5B). The use of 
mutant derivatives in the 
miRNA recognition site con-
firmed the specificity of re- 
pressing activity. The expres-
sion of Bcl-2 in mRNA and  
protein level were downregu-
lated in cardiomyocytes tra- 
nsfected with miR-30b mimic 
(Figure 5C and 5D), suggest-
ing that miR-30b mimic could 
inhibit Bcl-2 expression in 
transcriptional and transla-
tion level. In addition, miR-
30b was negatively correlat- 
ed with the expression of 
Bcl-2 in a rat model of DCM.
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