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Abstract: As a main cause of cardiac hypertrophy, myocardial hypertrophy includes the proliferation and enlonga-
tion of myocardial cell, resulting in abnormally cardiac enlargement. However, the pathogenesis and the molecular 
mechanism that regulate gene expression of myocardial hypertrophy remain incompletely understood. MiRNAs were 
deemed as an important molecules involved in a variety of pathological processes. MiR-96 has been reported being 
associated with the tumor proliferation, but whether miR-96 is involved in cardiac hypertrophy remains uncertain. 
In this study, we have confirmed that, as the myocardial hypertrophy gene, mTOR was a target gene of miR-96, who 
would promote the occurrence of myocardial hypertrophy. Thus, we got the conclusion that miR-96 could promote 
myocardial hypertrophy by inhibiting mTOR, miR-96 and mTOR were negatively correlated.
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Introduction

Cardiac hypertrophy is a common pathological 
changes of various kinds of cardiovascular dis-
eases [1, 2]. The major identifying characteris-
tic of cardiac hypertrophy is the abnormal 
hypertrophic growth, involving the proliferation 
of cardiac myocytes and the expansion of cell 
size [3]. The understanding its mechanism may 
help with the prevention and treatment of this 
disease. Although tremendous efforts have be- 
en made to unravel the molecular mechanism 
of physiologic hypertrophy, the molecular me- 
chanisms that regulate gene expression in car-
diac hypertrophy remain incompletely under- 
stood.

MiRs are very small non-coding post transcrip-
tion regulating RNAs, and have been shown to 
exert a critical role in regulating mRNA in heart 
diseases and cell apoptosis [4]. Growing evi-
dences regarding microRNA expression profiles 
in a myocardial hypertrophy model suggest that 
altered expression of micro-RNAs are related to 
normal heart tissue [5-10]. Zhang et al pub-
lished that miR-26 regulates pathological struc-
tural changes in the rat heart, and implicate the 
potential application of miR-26 in diagnosis 
and therapy of cardiac hypertrophy [11].

MiR-96 has been reported being associated 
with the tumor proliferation, including a variety 
of cancers, such as urothelial carcinoma, co- 
lorectal cancer, bladder cancer and so on [12-
15]. Meanwhile, mTOR was reported as a kind 
of signaling molecules, the regulation and func-
tions of mTOR had revealed the crucial involve-
ment of this signaling pathway in the onset  
and progression of diabetes, cancer and age-
ing, as well as the cardiac growth and function 
[16-19].

In this study, we would investigate the expres-
sion of miR-96 in the mice cardiac hypertrophy 
model. Furthermore, to further understand the 
molecular mechanism, we sought to determine 
the target gene and analysis the correlation 
between them.

Material and methods

Animal model

Sixteen male Wistar rats (100-120 g) were pur-
chased from the Guangdong Medical Labora- 
tory Animal Center (Guangzhou, China) and we- 
re randomly divided into control and transverse 
abdominal aortic constriction (TAAC) groups. 
Rats in the TAAC group were anesthetized with 
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ketamine (80 mg/kg, IP) and xylazine (5 mg/
kg, IP). All the surgical procedures were per-
formed as previously described. 14 Electro car-
diogram and respiratory rate were recorded on 
a data acquisition system (MP 150; Biopac 
System). The suprarenal abdominal aorta was 
isolated and tightened with a 4-0 nylon suture 
against a 5-gauge needle (external diameter = 
0.5 mm). After removing the needle, the inci-
sion was closed. Rats in the control group un- 
derwent a sham operation as the surgical pro-
cedures in TAAC group except aortic constric-
tion. All the experimental protocols followed the 
Guidelines of the Care and Use of Laboratory 
Animals. The experiment was approved by the 
Guangzhou Medical University Ethics Review 
Board.

Cell culture

Primary cultures of cardiac myocytes were pre-
pared as previously described. 11 Cardiomyo- 
cytes isolated from 1- to 2-day-old Sprague-
Dawley rats were seeded at a density of 5×105 
cells per well onto 6-well culture plates in plat-
ing medium that consisted of high glucose Du- 
lbecco’s minimum essential medium (DMEM) 

supplemented with 10% fetal calf serum (FCS). 
The fibroblasts and other proliferation cells 
were removed through preplating for 90 min-
utes at 378C. Bromo deoxyuridine of 0.1 mM 
was added to the culture media for the first 72 
hours to further minimize contamination from 
fibro blasts. These methods resulted in a car-
diac myocyte purity greater than 95%, as dem-
onstrated by immunocytochemical staining 
with an anticardiac a-myosin heavy chain anti-
body. HEK293 (human embryonic kidney cell 
line) used in this study was purchased from 
American Type Culture Collection (ATCC, Mana- 
ssas, VA) and cultured in high glucose DMEM 
supplemented with 10% FCS.

Leucine incorporation 

Incorporation of radioactive-labeled [3H] leu-
cine was quantified as a parameter of CM pro-
tein synthesis. The cells were serum starved 
overnight and incubated with Angiotensin II 
(AngII). A 1-mCi/mL aliquot of L-4, 5-3H–labelled 
leucine was then added, and the cells were 
incubated for additional 12 hours at 37°C. The 
cells were washed with phosphate buffered 
saline and harvested in ice-cold lysis buffer. 

Figure 1. A-C. Represent ANF and b-MHC mRNA levels, protein 
synthesis rate, and relative cell area in Vitro, respectively, that 
were transfected with AngII.
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Aliquots were collected for liquid scintillation 
counting.

Transfection and fluorescence analysis

The miRNA mimics and inhibitors were synthe-
sized by Dharmacon (Lafayette, CO). The cells 
were transfected with the miRNA mimics (50 
nM), inhibitors, or plasmid (200 ng) using the 
Lipofectamine 2000 reagent (Invitrogen) acco- 
rding to the manufacturer’s instructions. The 
assays were performed 48 hours after trans-
fection. The 3’-UTR of the mTOR was cloned 
into the KpnI and BglII restriction sites down-
stream of the open reading frame of lucifera- 
se in the pGL3-promoter luciferase vector. 
HEK293 cells were seeded in a 24-well plate 
(1.5×105 per well) and transfected with miRNA 
mimics (50 nM). Twenty-four hours later, RNA-
transfected cells were cotransfected with 200 
ng of firefly luciferase reporter containing the 
wild-type or mutant 3’UTR of mTOR and 20 ng 

of the Renilla luciferase reporter plasmid pRL-
RSV (Promega). Forty-eight hours after trans-
fection, the luciferase activity was analyzed 
using dual luciferase assays (Promega) normal-
ized against the activity of the Renilla luciferase 
gene.

RNA extraction and qRT-PCR

Total RNA was isolated from tissues, plasma,  
or cultured cells using Trizol reagent accord- 
ing to the manufacturer’s protocol (Invitrogen, 
Shanghai, China). Complementary DNA was sy- 
nthesized with M-MLV reverse transcriptase. 
Each quantitative real-time polymerase chain 
reaction (qRT-PCR) contained 1 mL of RT prod-
uct, 10 mL of SYBR Green PCR Master Mix 
(Invitrogen), and 500 nM forward and reversed 
primers. qRT-PCR was performed on a MyiQ 
Single Colour Real-time PCR Detection System 
(Bio-Rad Laboratories, Hercules, CA). The data 
were analyzed with the 22DDCT method, 17 

Figure 2. Prediction of target gene for miR-96. A. Investigate the underlying mechanisms, we predicted the potential 
targeted genes of miR-96 by bioinformatics algorithms. Among all predicted genes, mTOR was found to be a target 
for miR-96. B. We found that miR-96 significantly reduced the luciferase activity of reporter for mTOR, while aso miR-
96 markblly increased the luciferase activity of 3’UTR reporter for mTOR. C. mTOR mRNA and protein expression 
levels transfected with NC, miR-96, and ASO- miR-96 were analyzed by using western blotting. D. The relative lucif-
erase active of the 3’UTR of target gene for miR-96 in different group. All experiments were performed in triplicate 
the significance in change in protein expression was analyzed by using statistical tests.
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and the fold changes in gene expression were 
normalized to U6 small nuclear RNA as an 
endogenous control.

Western blot

The heart tissue and cells were lysed on ice 
with RIPA lysis buffer containing 150 mM NaCl, 
1% NP40, 0.5% sodium deoxycholate, 0.1% 
SDS, 50 mM Tris (pH 7.9), 10 mM NaF, PMSF, 
and a protease inhibitor cocktail (Sigma, St. 
Louis, MO). The protein concentrations were 
determined using a BioRad protein assay kit 
(Bio-Rad, Hercules, CA). The protein sample (50 
mg per lane) was separated by SDS-PAGE and 
transferred onto polyvinylidene fluoride mem-
branes. The blots were probed with antibody 
(final dilution 1:1000; Santa Cruz Biotechnolo- 
gy, Dallas, TX). GAPDH antibody (final dilution 
1:1000; Sigma) was used as a control. The 

bands were visualized with the ChemiDoc XRS 
system (Bio-Rad).

Statistics analysis

The results are expressed as the mean ± SD. 
Statistical significance was determined with an 
unpaired 2-tailed Student’s t test or an analy- 
sis of variance. Each experiment included tripli-
cate measurements for each condition tested, 
unless otherwise indicated. P < 0.05 was con-
sidered statistically significant.

Results

MiR-96 promotes myocardial hypertrophy in 
vitro

To identify the function of miR-96 in the myo-
cardial hypertrophy, we used AngII to stimulate 

Figure 3. A-C. Represent 
ANF and b-MHC mRNA lev-
els, protein synthesis rate, 
and relative cell area that 
were transfected with AngII, 
AngII+siR-mTOR, and siNC.
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rat myocardial cells and created the rat model 
of cardiac hypertrophy successfully. Next, we 
tested the related cells area, the expression 
levels of hypertrophic genes and the leucine 
incorporation. As is shown in (Figure 1A-C), the 
quantitative real-time polymerase chain reac-
tion analysis demonstrated that the AngII stim-
ulated miR-96 can significantly promoted the 
cell areas, the expression levels of hypertrophic 
gene and the incorporation of leucine.

MTOR is the direct target genes of miR-96

To identify the mechanism of miR-96 promoting 
the myocardial hypertrophy, we predicted and 
finally confirmed that mTOR was the target ge- 
ne of miR-96 by using bioinformatics method 
(Figure 2A). Then, after separately overexpre- 
ssed and inhibited miR-96, we detected the 
mRNA and protein expression levels of mTOR. 
Our dates showed that the inhibiting miR-96 
can promote both the mRNA and the protein 
expression levels of mTOR (Figure 2B, 2C). 
Next, we implemented Fluorescent Report Ca- 
rrier Assay for deep analysis and finally con-
firmed that miR-96 was directly binding to 3’ 

UTR of mTOR (Figure 2D). Overall, we can con-
clude that mTOR is the direct target gene of 
miR-96.

MTOR promotes the occurrence of myocardial 
hypertrophy

We used RNA interference to make siRNA for 
mTOR, after the validity testing, the cell area, 
the expression of hypertrophic genes and the 
leucine incorporation.were detected. The rusu- 
lts suggested that siRNA observably increased 
their expression (Figure 3A-C). Thus, we can 
confirm that mTOR obvioursly promotes mycca-
rdial hypertrophy.

Expression of miR-96 and mTOR

In order to determine the expression levels of 
miR-96 and mTOR in the myocardial hypertro-
phy mice model, we launched transverse ab- 
dominal aortic constriction (TAAC) on mice. Fo- 
ur weeks later, we tested the expression levels 
of miR-96 and mTOR. Compared with the con-
trol group, the expression level of miR-96 was 
significantly elevated in the TAAC group, while 
the result of mTOR was inversed (Figure 4A-C).

Discussion

Cardiac hypertrophy is a common pathological 
response to a number of cardiovascular diseas-
es, including hypertension, vascular disease, 
endocrine disorder, as well as ischemic heart 
disease. Pathological cardiac hypertrophy is an 
important predecessor of heart failure that is a 
major determinant of mortality and morbidity in 
cardiovascular diseases. Cardiac hypertrophy 
is known as the heart’s response to a variety of 
extrinsic and intrinsic stimuli that impose 
increased biomechanical stress. While hyper-
trophy can eventually normalize wall tension, it 
is associated with an unfavorable outcome and 
threatens affected patients with sudden death 
or progression to overt heart failure, thus, path-
ological cardiac hypertrophy is progressive pro-
cess and irreversible. Though there exist some 
insights into it, the potential molecular events 
underlying the transition from compensated 
cardiac hypertrophy to failure still need deeply 
researched.

MiRNAs participate in a variety of pathophysio-
logical processes, including cellular differentia-
tion, apoptosis, proliferation, and organ devel-
opment by targeting different genes [20]. Ac- 
cumulating researches supports that micro-

Figure 4. The expression levels of miR-96 and mTOR 
were measured by quantitative real-time polymerase 
chain reaction.
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RNAs are important gene expression regulators 
that play a fundamental role in disease devel-
opment. The specific role of miRNAs in the gen-
esis of cardiac hypertrophy has received great 
attention in the last decade. The study by Wei 
et al [7] proved that miR-101 was a critical reg-
ulator of cardiomyocyte hypertrophy. That 
showed the implication of the potential applica-
tion of miRNA in the therapy of cardiac hyper-
trophy. There is a real prospect that miRNA 
could be useful in a therapeutic setting [21-28]. 
However, the promise of miR-directed thera-
peutics requires clear functional understanding 
of individual miRNA in both normal and patho-
logical circumstances.

In this study, we created a rat model to eluci-
date a role for miR-96 in cardiac hypertrophy, 
the result told that by influencing on the related 
cells area, the expression levels of hypertrophic 
genes and the leucine incorporation, MiR-96 
can obviously promotes myocardial hypertro-
phy in vitro. As target genes play a typical role 
for the miRNA expression, miRNAs directly reg-
ulate the target genes by binding their 3’-UTRs 
[29], we researched the mechanism of miR-96 
promoting the myocardial hypertrophy. By using 
bioinformatics method and the Fluorescent 
Report Carrier Assay, we finally identified that 
mTOR was the target gene of miR-96. Furth- 
ermore, by launching transverse abdominal 
aortic constriction (TAAC) on mice, we found 
the correlation between miR-96 and mTOR and 
successfully domonstrated that miR-96 pro-
motes the occurrence of myocardial hypertro-
phy by suppressing the expression of mTOR.

In conclusion, our study revealed a previously 
unrecognized role and correlation of miR-96 
and mtor in myocardial hypertrophy. Our study 
strongly supports the notion that miR-96 is a 
critical regulator of cardiomyocyte hypertrophy. 
However, we cannot eliminate the possibility 
that mTOR was not the only target of miR-96 
that involved in cardiac hypertrophy and that 
miR-96 may, therefore, regulate cardiac hyper-
trophy through multiple pathways. All of this 
suggests miR-96 may be a potential therapeu-
tic target for myocardial hypertrophy and offers 
a new strategy for the treatment of it.
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