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Abstract: In this study, we investigated the influence of silencing TLR4 with RNA interference (RNAi) on cardiomyocyte apoptosis induced by isoproterenol (ISO). Two plasmids containing specific to TLR4 siRNA sequences were
constructed and transfected into primary cultured mice cardiomyocytes. The mRNA and protein expressions of TLR4
were analyzed by real-time polymerase chain reaction (PCR) and Western blotting respectively, and the plasmids
that silenced TLR4 most significantly were selected, and renamed TL-R. The plasmids carrying a non-specific siRNA
coding sequence (PCN) served as the negative control. Apoptosis of cardiomyocyte was induced by ISO at a concentration of 1 umol/L. Rates of cardiomyocyte apoptosis were evaluated by flow cytometery. The protein expression levels of Bcl-2 and Bax were detected by Western blotting. The plasmids contained siRNA sequences specific of TLR4
were constructed and transfected into the primary cultured cardiomyocytes successfully. Rates of cardiomyocyte
apoptosis was obviously increased in three ISO-treat group. The results demonstrated that silencing TLR4 with RNA
interference can significantly decreased cardiomyocyte apoptosis, accompanied by an increased expression of the
antiapoptotic protein Bcl-2 and a decreased expression of the proapoptotic protein Bax. It was concluded that the
recombinant plasmids could be successfully constructed, and transfected into the primary cultured cardiomyocytes.
They could ameliorate the cardiomyocyte apoptosis induced by ISO efficiently.
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Introduction
Cardiovascular disease is the leading cause of
morbidity and mortality in the world [1], and the
mechanism of cardiovascular disease has
caused wide attention. Toll-like receptor 4
(TLR4) is a pivotal signaling receptor responsible for triggering innate immune response and
is expressed on the surface of variety of cardiac cells, including cardiomyocytes, endothelial
cells and smooth muscle cells. In recent years,
Riad et al. [2] found that TLR4 contributes to
cardiac inflammation, oxidative stress, and
apoptosis as well as LV function in experimental. Inhibition of TLR4 is therefore a promising
therapeutic strategy for cardiovascular disease.
As a beta agonist, Isoproterenol can be used to
treat the bronchial asthma and cardiac atrio-

ventricular block, but it also can cause different
degrees of myocardial damage. Isoproterenol
stimulation gave rise to a hypertrophic morphology and resulted in the early activation of key
signaling pathways including ROCK [3], and
Chowdhury et al. [4] demonstrated that isoproterenol induced cardiac hypertrophy effects at
the molecular level, affecting the cardiac protein expression profiles in SD rats. At the same
time, a large number of studies found that
Isoproterenol are associated with Ca2+ leak
when it had an effect on the cardiac [5-7].
RNA interference (RNAi) is a post-transcriptional regulatory pathway that can result in efficient
and specific silencing gene functions, which is a
major advantage of targeted therapy [8]. In
present study, in order to evaluate the influence
of silencing TLR4 with RNAi on cardiomyocyte
apoptosis induced by isoproterenol (ISO), we
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designed and constructed recombinant plasmids target to TLR4, transferred them into the
primary cultured mice cardiomyocytes, and
then delineated whether TLR4 in ISO-treat
group could be down-regulated with RNAi and
whether siRNA-TLR4 could alleviate ISOinduced cardiomyocyte apoptosis.
Methods
Animals and regents
The neonatal BALB/c mice born within 24 to 72
h were obtained from the Experimental Animal
Center of Medical College of Shihezi University.
This study was carried out in strict accordance
with the recommendations in the Guide for the
Care and Use of Laboratory Animals of the
National Institutes of Health. The animal use
protocol has been reviewed and approved by
the Institutional Animal Care and Use
Committee (IACUC) of Shihezi University. ISO
was provided by Sigma Company. pSUPER.
retro.neo+GFP (Oligo Engine). CollagenaseI,
pancreatin, foetal bovine serum (FBS) and
DMEM high-glucose medium was provided the
services by Gibco Co. USA. The plasmids carrying a nonspecific siRNA coding sequence (PCN),
and Trizol were purchased from Invitrogen company, USA. FuGENE HD was provided by Roche
Company. M-MLV reverse transcription kit and
PCR master mix were obtained from TOYOBO
Co. EZNA Plasmid Kit was provided from Omega company. Annexin V-PE/7-AAD Apoptosis
Detection Kit was provided from Nanjing
KeyGen Biotech. Co. Ltd. The PCR primers for
TLR4 and GAPDH were provided the services by
Invitrogen company.
Recombinant plasmid amplification and purification
Target sequences were selected on the strength
of the TLR4 mRNA nucleotide sequences published on GenBank (NM_021297). Two optimal
siRNA specific sequences were obtained: TL-1:
5’-GAA CAA ATG ACA TGT GCAA-3’, TL-2: 5’-GAA
ATG AGC TGG TAA AGAA-3’. The recombinant
plasmids TL-1 and TL-2 were created by us in
our Laboratory. Steps for cloning oligonucleotides into pSUPER.retro plasmid were formulated strictly on the base of pSUPER RNAi system protocol. A duplex was formed by annealling
forward and reverse oligonucleotides. With the
same restriction enzymes, the annealed oligos
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were then ligated into the Bgl II-Hind III cleavage-site within the pSUPER.retro vector prelinearised. Competent E.coli cells which recombinant plasmid containing inserts was transformed into cultured at 37°C overnight in a
rocking bed after selection in ampicillin-containing medium. The plasmids were extracted
on the base of manufacturer’s instructions. The
plasmids carrying a nonspecific siRNA coding
sequence (named PCN) was served as the negative control.
Cardiomyocyte culture and transfection
Neonatal cardiomyocytes were minced in a
Ca2+ and Mg2+ free Hanks’ balanced solution.
Cardiomyocytes were digested with 0.125%
trypsin and 0.1% Collagenase I at 37°C and
gentle shaked. The isolated cells were plated in
DMEM (Dulbecco’s modified Eagle medium)
containing 15% FBS in 6-well polystyrene
plates and incubated at 37°C in a humidified
atmosphere containing 5% CO2. Bromodeoxyuridine (Brdu), 0.1 mmol/L, was present for 48
hours from the time of plating to prevent noncardiomyocyte proliferation. Immunohistochemistry staining of α-actin was used to identify
cardiomyocytes.
Myocardial cells were divided into four groups:
1. Control group (normal control); 2. PCN group;
3. TL-1 group; 4. TL-2 group in which the myocardial cells were treated with negative-siRNA
plasmids (PCN), TL-1 plasmids and TL-2 plasmids respectively for 48 h. Then the plasmids
were transfected into primary cultured mouse
cardiomyocytes by using FuGENE HD transfection agents on the base of the manufacturer’s
protocol. An inverse fluorescence microscope
was used to observe the expression of green
fluorescent protein (GFP) in the cardiomyocytes
and the transfection efficiency was figured up a
total 48 h after the transfection.
RNA extraction and real-time PCR
Total RNA from cardiomyocytes was extracted
with Trizol (Invitrogen, Carlsbad, Calif., USA)
after transfection which sustained for fortyeight hours. DNA was degraded using RQ1
RNase-Free DNae (Promega, Madison, Wisc.,
USA) in strict accordance with the manufacturer’s instructions to avoid genomic DNA contamination. For first-strand cDNA synthesis, 2.5 μg
total RNA was dissolved in 25 μl DEPC-treated
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ddH2O. Each sample was added five microlitres
of OligdT (200 ng/μL) before incubation at 70°C
for 10 min and cooled on ice. Then samples
were subjected to a mixture consisting of 5’MMLV RT-buffer (10 μl/sample; Promega, Madison, Wisc., USA), dNTP (10 mM, 5 μl/sample),
RNAsin (40 U/μl, 1 μl/sample; Promega), M-MLV
RT (200 U/μl, 1 μl/sample; Promega) and DEPCtreated ddH2O (3 μl/sample). This mixture of 20
μl was added to each RNA/OligdT solution.
Then samples were scored 60 min at 42°C and
finally 15 min at 70°C after sufficiently mixed.
Relative quantification of specific gene expression was done by two-step real-time PCR using
cDNA as a template after conversion of RNA
into cDNA with reverse transcriptase. The SYBR
Premix Ex TaqTM (Takara, Dalian, China) on a
LightCycler system (Roche Molecular Biochemicals, Indianapolis, Ind., USA) was used to
monitor the amount of PCR. The sequences of
the primers were as follows: TLR4 forward:
5’ACCTGGCTGGTTTACACGTC3’ and reverse: 5’CTGCCAGAGACATTGCAGAA-3’. GAPDH forward:
5’-GCC AAA AGG GTC ATC ATC TC-3’ and reverse:
5’-GTA GAG GCA GGG ATG ATG TTC-3’. The PCR
mixture contained 20 μl reaction solution
including 2.0 μl cDNA, 10 μl 2× SYBR Premix Ex
TaqTM and 0.2 μM of primers (0.4 μl forward
primer and reverse primer, respectively).
Amplification was in accordance with the following temperature profile: 95°C for 2 min, followed by 40 cycles at 94°C for 15 s, annealing
and extension at 65°C for 30 s after optimization of PCR conditions. And the efficiency of
amplification was tested in standard curves
using serial cDNA dilution. Correlation coefficient had to be more than 0.9 and slope around
-3.5. Melting curves was used to check amplification specificity. The Light-Cycler software
was for data analysis. All samples were amplified in triplicate from the same RNA preparation
and the mean value was well considered. The
mRNA of GAPDH, which was independent of
cardiac hypertrophy and was used as a housekeeping gene, was used to normalize the
expression of gene. Calculation of expression
was by the 2-ΔΔCT method in accordance with
Pfaffl [9].
Western blot analysis
Transfected cardiomyocytes were harvested,
centrifuged, and total protein was extracted.
The BCA assay was used to determine protein
concentrations. Protein samples (20 μg) were
separated by 10% SDS-PAGE and then trans444

ferred onto PVDF membranes. These membranes were blocked in Tris buffered saline
(TBS) containing 5% non-fat dry milk for 3 h at
room temperature, and 1% between 100 followed by incubation with primary antibodies
(anti-TLR4 1:500) overnight at 4°C. With antimouse horseradish peroxidase-conjugated
secondary antibody (1:1000) for 3 h at room
temperature, blots were then incubated.
Immunoreactive proteins were visualized by
means of enhanced chemiluminescence
reagent by ECL Hyperfilm. The protein band
intensity was evaluated by the Quantity One
software, calculated the inhibition ratio of TLR4
expression, and selected the plasmids having
the best silence effect to TLR4, renamed it as
TL-R plasmids.
Experimental grouping (effect of silencing
TLR4 on cardiomyocyte apoptosis induced by
ISO)
As shown in Figure 5, cardiomyocytes were
divided into four groups: 1. Control group; 2.
ISO group in which the cardiomyocytes were
treated with ISO of 1 umol/L; 3. PCN-ISO group;
4. TL-R+ISO group in which the cells were pretreated with PCN or TL-R plasmids for 48 hours,
then treatment with ISO at a concentration of 1
umol/L for another 24 hours. Apoptotic cell
death was analyzed by assays of Annexin V-PE
and 7-aminoactinomycin D (7-AAD) with the use
of flow cytometry, on the base of the manufacturer’s instructions of Annexin V-PE/7-AAD
Apoptosis Detection Kit. After double staining,
flow cytometry (BD Biosciences, USA) was used
to evaluate the ratio of apoptosis. Cardiomyocytes of the 4 groups were harvested
and centrifuged, and the expression of Bcl-2
and Bax proteins was detected by Western
Blotting, as described previously.
Statistical analysis
_
The data are expressed as x ±s. Differences
between groups were assessed with one-way
analysis of variance (ANOVA), with the aid of
SPSS11.5 software package. A value of P <
0.05 was considered statistically significant.
Results
Identification of primary cardiomyocytes
Over 95% of the cells thus obtained were cardiomyoeytes. Immunohistochemistry staining
Int J Clin Exp Med 2017;10(1):442-449
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Figure 1. Cardiomyocytes identified by anti-α-actin
antibody immunostaining (×400).

Figure 2. GFP expressions in the cardiomyocytes detected by fluorescence microscopy 48 h after transfection (×200).

of α-actin was used to identify cardiomyocytes
(Figure 1).

Figure 3. Bar graph of quantitative analysis of TLR4
mRNA expression of cardiomyocytes after transfection by real-time PCR. Values shown are mean ± SD.
Lande 1, control group; Lande 2, PCN group; Lande
3, TL-1 group; and lande 4, TL-2 group. #P < 0.05,
TL-2 group vs. control group, PCN group or TL-1 group.

Figure 4. A. Representative Western blot analysis of
TLR4 protein relative expression of cardiomyocytes
after transfection. B. Quantitative analysis of TLR4
phosphorylation by Western blot. Values are shown
as mean ± SD. Lande 1, control group; Lande 2, PCN
group; Lande 3, TL-1 group; and Lande 4, TL-2 group.
#
P < 0.05, TL-2 group vs. control group, PCN group or
TL-1 group.

Evaluation of transfection efficiency by expression of GFP

TLR4 expression of cardiomyocytes after transfection

Transfection efficiency was examined under a
fluorescence microscope to check the green
fluorescent protein (GFP) expression. After 48 h
transfection, emitting green fluorescence cells
were obvious (Figure 2), indicating that cardiomyocytes had a high transfection efficiency
with FuGENE HD, about 80%.

Compared with the normal control cardiomyocytes, TLR4 mRNA and protein were significantly reduced 81% and 80% (P < 0.01) by TL-2 plasmid (Figures 3, 4). On the other hand, PCN and
TLR4 transfected cardiomyocytes showed no
difference in the expression as compared to
the untreated cells (Figures 3, 4). Obviously the
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Effect of silencing TLR4
on Bcl-2 and Bax expression of cardiomyocytes
after ISO treatment
Western blotting revealed
that as compared with
the control group, the
expression levels of Bax
were increased, and those of Bcl-2 decreased in
the ISO group (P < 0.01).
However, the expression
levels of Bax were decreased, and those of
Bcl-2 increased in the
TL-R+ISO group as compared with ISO group and
PCN+ISO group (P <
0.01). The ratio of Bcl-2/
Bax was higher in TLR+ISO group than in ISO
group and PCN+ISO
group (P < 0.01) (Figure
6).
Discussion
With the change of life
style, the physical and
economic loss caused by
cardiovascular diseases
are getting more and
more attention. Several
lines of evidence proved
that toll-like receptors
(TLRs) play a great role in
Figure 5. Effect of silencing TLR4 on cardiomyocytes apoptosis induced by ISO
#
the process of cardiovastexted by flow cytometery. P < 0.05, control group vs. ISO group, PCN+ISO group
cular disease [10-12].
or TL-R+ISO. *P < 0.05, TL-R+ISO group vs. ISO group or PCN+ISO group.
TLRs, expecially TLR4 can
combine with endogeTL-2 plasmids had the best silence effect to
nous ligands and relays the signal via MyD88, a
TLR4, and it was renamed TL-R.
commom signal adaptor molecule, then triggering nuclear translocation and activation of
Effect of silencing TLR4 on cardiomyocyte
NF-κB, transcription of inflammatory cytokine
apoptosis induced by ISO
genes and activation of mitogen-activated protein kinases (MAPKs), leading to cardiomyocyte
Analysis of Annexin V-PE/7-AAD staining, our
apoptosis [13]. A recent study suggested that
data demonstrated that apoptotic cells were
the low expression of TLR4 can suppress the
obviously increased after ISO treatment.
rates of cardiomyocyte apoptosis, thus may
Pretreatment with TL-R plasmids significantly
ameliorate the cardiac function following myoreduced the rate of apoptotic cardiomyocytes
cardial infarction [14]. In agreement with the
to near control levels (Figure 5).
previous studies, we found that ISO-induced
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with the control group, which suggested that
the ISO-induced cardiomyocyte apoptosis
model was established successfully and so
was Moreau et al. [3] report.
RNAi, in which small interfering RNAs (siRNAs)
can trigger specific gene transcriptional and
post-transcriptional silencing, is a sequencespecific gene silencing phenomenon [19]. RNAi,
focused on RNAi as a crucial role in studies on
gene therapeutics recently, can disclose gene
function quickly and easily result in silencing of
target gene expression and disclose gene-related function in the end [20-22]. As shown in our
study, the plasmids containing siRNA sequences specific of TLR4 were constructed and transfected into the primary cultured cardiomyocytes successfully. It was found that the expressions of mRNA and protein of TLR4 in TL-R
group were significantly decreased than the
other groups (P < 0.01), which proved that RNAi
could selectively silence the expression of TLR4
in the cultured cardiomyocytes.
Figure 6. Effect of silencing TLR4 on Bcl-2 and Bax
expression of cardiomyocytes after ISO treatment.
Data were expressed as mean ± SD (n = 3). *P <
0.01 vs. control group or TL-R+ISO group, ▲P < 0.01
vs. control group, #P < 0.01, TL-R+ISO group vs. ISO
group or PCN+ISO.

group was observed with increased mRNA and
protein levels of TLR4 compare to the control
group. Inhibition of TLR4 therefore is a therapeutic method for ISO-induced cardiotoxicity.
ISO, a kind of beta receptor agonist, has important implications for the treatment of bronchial
asthma and the treatment of cardiac atrioventricular block, especially for patients with cardiac arrest. What’s more, echocardiography
measurements showed that ISO [15]. ISO is a
classic tool agent in ischemic heart diseases
and heart failure investigations because of
strong inotropic and chronotropic effect on cardiac muscle cells, depression effect on coronary microcirculation, as well as direct myocardial toxicity [16]. Recent studies suggest that
apoptosis plays an undisputed role in ISOinduced cardiotoxicity and ISO leads to cardiomyocyte apoptosis is a major cause of myocardial ischemic necrosis [17, 18]. In this report,
we found that rates of cardiomyocyte apoptosis
evaluated by flow cytometery were obviously
increased in three ISO-treat group compared
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Furthermore, our studies had identified that
inhibition of TLR4 with RNAi can lead to a cardio-protective influence on the apoptosis of
cardiomyocyte induced by ISO. As we have
observed that the rates of cardiomyocyte apoptosis was obviously increased in the three ISOinduced group compared with the control group
(P < 0.01). In addition, compared with the ISO
group and PCN-ISO group, the rate of apoptotic
cardiomyocytes in TL-R group was significantly
reduced (P < 0.01). From what has been discussed above, it is clear that the silience of
TLR4 exerted a significant decrease in the rate
of cardiomyocyte apoptosis induced by ISO.
Apoptosis is regulated by a series of regulating
proteins. Members of the Bcl-2 family are key
regulators of apoptosis. Previous studies have
showed that Bcl-2 is antiapoptotic member and
Bax is proapoptotic member [23-25]. Our
results found that the expression levels of Bax
were increased, and those of Bcl-2 decreased
in the ISO-treated groups as compared with the
control group (P < 0.01). However, the expression levels of Bax were decreased, and those
of Bcl-2 increased in the TL-R+ISO group in
comparison to the ISO group and PCN+ISO
group (P < 0.01). The results demonstrated that
inhibition of TLR4 exerted a cardioprotective
effect on ISO-induced apoptosis of cardiomyocytes, at least to some extent, by increasing
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the antiapoptotic protein Bcl-2 and decreasing
the proapoptotic protein Bax.
In summary, the present study provides preliminary evidence that RNAi can inhibit the expressions of mRNA and protein of TLR4, which exert
a cardio-protective effect on cardiomyocytes,
especially those apoptosis cardiomyocytes
induced by ISO. Moreover, the expression of
TLR4 down regulated can directly decrease the
rates of apoptotic of cardiomyocytes and may
ameliorated the injury of cardiomyocytes
induced by ISO via interference apoptotic pathway. Thus, the expression of TLR4 silenced by
RNAi may serve as a potential target for gene
therapeutics in cardiomyocyte apoptosis.
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