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miRNA-146a induces vascular smooth 
muscle cell apoptosis in a rat model of 
coronary heart disease via NF-κB pathway
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ABSTRACT. The aim of this study was to investigate the role of miRNA-
146a in modulating the function of vascular smooth muscle cells in a rat 
model of coronary heart disease. Vascular smooth muscle cells were 
isolated and cultured from the rat coronary heart disease model and 
normal rats (controls). miRNA-146a levels were measured in vascular 
smooth muscle cells obtained from rats with coronary heart disease and 
control rats. The proliferation, growth, apoptosis, and activation of the 
NF-κB pathway in the vascular smooth muscle cells were detected using 
the MTT assay and flow cytometry, respectively. The role of the NF-κB 
pathway in modulating the apoptosis of vascular smooth muscle cells was 
investigated by measuring the reactivity of the cells to an NF-κB pathway 
inhibitor (TPCA-1). Vascular smooth muscle cells from the disease model 
exhibited higher levels of miRNA-146a than that by the normal controls 
(P = 0.0024). The vascular smooth muscle cells obtained from rats with 
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coronary heart disease showed decreased proliferation and growth and 
increased apoptosis. miRNA-146a overexpression elevated the rate of cell 
apoptosis. The NF-κB pathway was activated in vascular smooth muscle 
cells obtained from rats with coronary heart disease. Inhibition of the NF-
κB pathway significantly decreased the rate of vascular smooth muscle cell 
apoptosis in coronary heart disease rats (P = 0.0038). In conclusion, miRNA-
146a was found to induce vascular smooth muscle cell apoptosis in rats with 
coronary heart disease via the activation of the NF-κB signal pathway.
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INTRODUCTION

The incidence of cardio- and cerebro-vascular diseases, specifically coronary heart dis-
ease, has increased with the enhanced quality of life and changes in life style, which has adversely 
affected public health (Cases and Mestres, 2009; Eriksen et al., 2015; Muneera et al., 2015). Tra-
ditional therapies for cardiovascular disease are generally non-specific, and can cause complica-
tions. This necessitates the discovery of specific targets for clinical treatment (Cases and Mestres, 
2009; Pang et al., 2015; Ramirez-Ramirez et al., 2015; Sun et al., 2015).

MicroRNA (miRNA) are small, non-coding, double-stranded RNA molecules, approxi-
mately 20-25 bp long. miRNA modulate various biological functions, such as cell proliferation, 
growth, apoptosis, and signal transduction (Chen et al., 2015; Femminella et al., 2015; Higuchi 
et al., 2015; Wang et al., 2015). Previous studies have also reported that miRNA-146a medi-
ates cellular growth and proliferation in various cells (Alexandrov et al., 2014; Xie et al., 2014; 
Gu et al., 2015; Hill et al., 2015; Tang et al., 2015; Zhou et al., 2015), however, the role of 
miRNA-146a in coronary heart disease remains to be elucidated. Therefore, this study was 
designed to investigate the modulating effect of miRNA-146a on vascular smooth muscle cells 
from a coronary heart disease rat model.

The nuclear factor - kappa B (NF-κB) pathway plays an important role in cellular growth, 
proliferation, and signal transduction. Previous studies have indicated that heart disease results in 
the activation of the NF-κB pathway in, and abnormal growth or proliferation of, vascular smooth 
muscle cells; however, the underlying molecular mechanisms remain unclear (Burkitt et al., 2015; 
Cheng et al., 2015; Lee et al., 2015; Tsubaki et al., 2015; Xi et al., 2015). We also attempted to 
determine the role of the NF-κB pathway in the vascular smooth muscle cells of a coronary heart 
disease rat model, and its related molecular mechanism.

In this study, a rat model of coronary heart disease was used to investigate the role of 
miRNA-146a in modulating vascular smooth muscle cells.

MATERIAL AND METHODS

Reagents and antibodies

Caspase-3 and Caspase-8 activity assay kits were purchased from Biyuntian Biology 
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Technology Institute (Haimen, China). 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT), tetramethylrhodamine ethyl ester (TMRE), and fluorescein isothiocyanate (FITC)-
Annexin-V were obtained from Sigma-Aldrich (St. Louis, MO, USA). Anti-rat-NF-κB antibody, 
an inhibitor of the NF-κB pathway (TPCA-1), Dulbecco’s modified Eagle’s medium (DMEM), 
and fetal bovine serum (FBS) were also purchased from Sigma-Aldrich. The reverse transrip-
tase polymerase chain reaction (RT-PCR) reagents were purchased from Dingguo Biology 
Technology Inc. (Beijing, China).

Modeling of rat coronary heart disease

Male SD rats (8 weeks) were purchased from the Hufu Animal Center (Beijing, China). 
The coronary heart disease rat model was developed using a method detailed in a previously 
published paper (Hwee et al., 2015). In brief, coronary heart disease was induced by feeding the 
SD rats with a high-fat diet, consisting of 87.3% standard chow, 0.49% sodium cholate hydrate, 
0.21% propylthiouracil, 10% lard, and 2% cholesterol for 8 weeks; the rat models were identified 
based on the coronary heart disease guide. Rats in the control groups were fed with standard 
chow. Each group consisted of 48 rats.

These rats were used in all subsequent experiments; all procedures were approved by the 
Animal Ethics Committee of the Hainan Province People’s Hospital.

Isolation and culture of vascular smooth muscle cells

Vascular smooth muscle cells were isolated from rats with and without (normal control) 
coronary heart disease using a protocol detailed in a previous study (Hwee et al., 2015). The rats 
were anesthetized using 5% avertin; the hearts and aorta were removed from the anesthetized 
rats and placed in 200 U/mL Hanks salt solution supplemented with 200 mg/mL streptomycin. 
Adipose tissue was removed from the hearts and aorta; subsequently, these were rinsed in 
DMEM, and cut into small pieces. The supernatant was collected and the samples allowed to 
set for 6 min. This process was repeated thrice. The small tissue pieces and the cell suspension 
were then cultured in a cell culture flask. The isolated cells were re-suspended in DMEM and 
cultured at 37°C in a 5% CO2 incubator. 

RT-PCR

RNA was extracted from vascular smooth muscle cells as per a previously described pro-
tocol (Hwee et al., 2015). The samples were amplified using the following primers: miRNA-146a 
(5'-3'), R-GGTTACCTTGTTACGACTT and F-AGAGTTTGATCCTGGCTCA; and GAPDH (to nor-
malize the miRNA-146a expression), (5'-3') F-CGGAGTCAACGGATTTGGTCGTAT, R-AGCCTTC
TCCATGGTGGTGAAGAC. The PCR products were electrophoresed on an agarose gel to detect 
the level of miRNA-146a expression in vascular smooth muscle cells obtained from normal rats 
and rats with coronary heart disease.

MTT assay

The cell viability of cultured vascular smooth muscle cells was determined by the MTT 
assay, as described in a previous report (Hwee et al., 2015). In brief, the cells were cultured in 
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96-well plates (10,000/well) for 3 days prior to the addition of MTT. These plates were further 
incubated for 4 h; subsequently, dimethyl sulfoxide (DMSO; 160 µL) was added to each well, and 
the plates were vortexed for 8 min. The optical density (OD) at 490 nm was measured using a 
micro-plate reader. The growth chart was mapped with OD on the Y axis and time interval as the 
X axis. In the analysis of the pathway, the isolated vascular smooth muscle cells were pre-treated 
with the NF-κB pathway inhibitor (TPCA-1) for 24 h; the cell viability was subsequently detected 
using the MTT method.

Flow cytometry analysis of PS exposure

Apoptosis in cultured vascular smooth muscle cells was determined by flow cytometry 
as described in a previous report (Hwee et al., 2015). The cultured cells were collected and sus-
pended (8 x 104 cells) with 250 µL Annexin-V-FITC binding solution. The Annexin-V-FITC reaction 
solution (5 µL) was subsequently added, and the samples incubated for 20 min in the dark. Apop-
tosis was determined in a flow cytometer at excitation and emission wavelengths of 488 nm and 
625 nm, respectively.

Measurement of the caspase-3 activity

The caspase-3 activity of cultured vascular smooth muscle cells was determined using 
a caspase-3 activity assay kit, as described in a previous study (Hwee et al., 2015). In brief, the 
cells were cultured in a 96-well plate (10,000/well), and treated with lysis buffer from the kit for 
10 min. The supernatant was then collected and analyzed in a micro-plate reader at an OD of 
560 nm. 

Measurement of the NF-κB signal pathway activity

The NF-κB signal pathway activity of cultured vascular smooth muscle cells was deter-
mined using a commercial assay kit, as described in a previous report (Hwee et al., 2015). The 
cells were treated with lysis buffer for 30 min on ice, and subsequently subjected to sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and western blot analysis. Anti-NF-κB and 
anti-actin antibodies were used for these experiments.

Statistical analysis

All data were analyzed using the SPSS (v.16.0) software platform (IBM, Armonk, NY, 
USA). All data are presented as mean ± standard deviation (SD). The different groups were com-
pared by one-way analysis of variance (ANOVA). P-values ≤ 0.05 and ≤ 0.01 were considered to 
be significant and highly significant, respectively.

RESULTS

Vascular smooth muscle cells from rats with coronary heart disease showed 
higher miRNA-146a expression than those from normal control rats

The level of expression of miRNA-146a was measured in the vascular smooth muscle 
cells obtained from sample and control rats by RT-PCR (P = 0.0024). The vascular smooth muscle 
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cells extracted from rats with coronary heart disease showed significantly higher levels of miRNA-
146a than those obtained from normal control rats (Figure 1).

Figure 1. Vascular smooth muscle cells obtained from rats with coronary heart disease showed higher miRNA-146a 
levels than those from normal control rats.

Rats with coronary heart disease display inhibited vascular smooth muscle cell 
growth

Rats with coronary heart disease showed significantly lowered proliferation of vascular 
smooth muscle cells than normal control rats (P = 0.0037; Figure 2).

Figure 2. Vascular smooth muscle cell growth was inhibited in rats with coronary heart disease.
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Vascular smooth muscle cells from rats with coronary heart disease undergo 
increased apoptosis 

The mitochondrial membrane potential of vascular smooth muscle cells extracted from 
rats with coronary heart disease was significant lower than that in cells obtained from normal con-
trol rats. Alternately, vascular smooth muscle cells extracted from rats with coronary heart disease 
showed a significantly higher PS exposure rate and caspase-3 activity than those from normal 
control rats (Figures 3, 4, and 5). These results suggested an increased rate of vascular smooth 
muscle cell apoptosis in coronary heart disease rats.

Overexpression of miRNA-146a in vascular smooth muscle cells extracted from rats with 
coronary heart disease was followed by increased apoptosis (Figure 5), suggesting that vascular 
smooth muscle cell apoptosis in rats with coronary heart disease was induced by miRNA-146a.

Figure 3. Vascular smooth muscle cells showed decreased mitochondrial membrane potential in the coronary heart 
disease rat model.

Figure 4. Vascular smooth muscle cells showed increased exposure of phosphatidylserine in the coronary heart 
disease rat model.
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Figure 5. Vascular smooth muscle cells showed increased caspase-3 activation in the coronary heart disease rat model.

Activation of NF-κB in vascular smooth muscle cells from rats with coronary 
heart disease 

We observed a significant increase in the activation of NF-κB in vascular smooth muscle 
cells extracted from rats with coronary heart disease compared to those from normal control rats 
(Figure 6). NF-κB activation was further increased with the over-expression of miRNA-146a, indi-
cating that miRNA-146a might directly or indirectly activate NF-κB. 

Figure 6. NF-κB pathway was activated in the vascular smooth muscle cells of rats with coronary heart disease.

Vascular smooth muscle cell apoptosis is significantly decreased after NF-κB 
inhibition in rats with coronary heart disease

Vascular smooth muscle cell apoptosis in rats with coronary heart disease was signifi-
cantly decreased after the NF-κB signal pathway was inhibited (Figure 7). This result suggested 
that apoptosis of the vascular smooth muscle cells extracted from rats with coronary heart disease 
was mediated by the NF-κB signal pathway.
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Figure 7. Vascular smooth muscle cell apoptosis was decreased in the coronary heart disease rat model after the 
NF-κB pathway was inhibited.

DISCUSSION 

In this study, the effects of miRNA-146a on the vascular smooth muscle cells of a coronary 
heart disease rat model were investigated. Vascular smooth muscle cells from rats with coronary 
heart disease showed higher levels of miRNA-146a than those from normal control rats. This result 
suggested that miRNA-146a may play a role in modulating vascular smooth muscle cells. We also 
attempted to determine the underlying mechanism with which miRNA-146a modulated vascular 
smooth muscle cells; we observed that vascular smooth muscle cells from rats with coronary heart 
disease showed a significantly suppressed growth and proliferation rate, and a high rate of apopto-
sis. miRNA-146a was overexpressed in smooth muscle cells from rats with coronary heart disease 
to determine if miRNA-146a mediates the apoptosis of smooth muscle cells from coronary heart 
disease rats. The results revealed an increase in the apoptosis rate post- miRNA-146a overexpres-
sion. These results indicated that miRNA-146a mediates the apoptosis of smooth muscle cells in 
rats with coronary heart disease. This is in agreement with the observations of previous studies 
(Eriksen et al., 2015; Muneera et al., 2015; Pang et al., 2015; Ramirez-Ramirez et al., 2015; Sun 
et al., 2015). 

Cell apoptosis occurs via two pathways: the death receptor-mediated external signal path-
way and the mitochondria-mediated internal signal pathway. The signal pathway of miRNA-146a-
mediated apoptosis was investigated in the vascular smooth muscle cells of rats with coronary 
heart disease; this resulted in the detection of the activity of caspase-8, an indicator of the death 
receptor-mediated external signal pathway. We observed that smooth muscle cells extracted from 
rats with coronary heart disease were not activated. Therefore, we concluded that smooth muscle 
cell apoptosis in coronary heart disease rats was mediated by the mitochondrial pathway. This was 
also in agreement with the results of previous studies (Chen et al., 2015; Femminella et al., 2015; 
Wang et al., 2015).

The molecular mechanism of miRNA-146a-mediated vascular smooth muscle cell apop-
tosis in rats with coronary heart disease was further investigated by measuring the activity of the 
protein kinase. The NF-κB signal pathway plays an important role in the growth, proliferation, and 
signal transduction of different cell types. Previous studies (Burkitt et al., 2015; Cheng et al., 2015; 
Tsubaki et al., 2015; Xi et al., 2015) have suggested that the NF-κB pathway is activated in vascular 
smooth muscle cells, and that these cells show abnormal growth and proliferation during the occur-
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rence of heart disease. Therefore, the activation of the NF-κB signal pathway in vascular smooth 
muscle cells was analyzed. The findings of this study showed that the NF-κB signal pathway was 
activated in vascular smooth muscle cells obtained from rats with coronary heart disease. In addi-
tion, overexpression of miRNA-146a was found to elevate this activation, suggesting that miRNA-
146a activates the NF-κB signal pathway in the vascular smooth muscle cells of a coronary heart 
disease rat model. The NF-κB signal pathway was blocked to further determine if miRNA-146a 
mediates the apoptosis of vascular smooth muscle cells in a coronary heart disease rat model 
through this pathway; the NF-κB signal pathway inhibitor was found to suppress the apoptosis in 
the vascular smooth muscle cells of a coronary heart disease rat model. Taken together, these 
results indicated that miRNA-146a mediates the apoptosis of vascular smooth muscle cells in a 
coronary heart disease rat model through the NF-κB signal pathway. This is consistent with the 
results of a previous study (Femminella et al., 2015). 

This study provides further proof that miRNA-146a plays an important role in modulating 
the growth, proliferation, and death of vascular smooth muscle cells in a coronary heart disease rat 
model. The possible role of miRNA-146a in coronary heart disease patients can be further inves-
tigated by analyzing the level of miRNA-146a, activation of NF-κB signal pathway, and apoptosis 
in the vascular smooth muscle cells obtained clinically from these patients. Alternately, the rat 
coronary heart disease model can be used for this purpose. In future studies, any improvements in 
coronary heart disease can be measured in an in vivo animal model after altering the miRNA-146a 
level and NF-κB signal pathway activation. 
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