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Abstract: Objective: Our aim was to investigate the role and mechanism of microRNA-194 in aortic aneurysms and 
dissection. Methods: Fifteen patients with aortic aneurysms and dissection undergoing aortic valve replacement 
and thirteen normal donors without aortic lesions were selected to analyze expression levels of microRNA-194 in 
aortic tissue. The effect of microRNA-194 knockdown on expression of α-SMA, extracellular matrix secretory func-
tion (collagen III and osteopontin), in human smooth muscle cells was also investigated. Additionally, expression 
of Smad1 and Smad4, key molecules in TGF-β1 signaling pathway, was analyzed by qRT-PCR and Western blot. 
Results: Compared with normal aorta, microRNA-194 was significantly downregulated in aorta with aneurysms 
and dissection (P=0.019). Knockdown of microRNA-194 expression promoted contractile-to-synthetic conversion 
of human vascular smooth muscle cells (P=0.005), increased expression of collagen III and osteopontin (P<0.001, 
P=0.022), and promoted expression of Smad1 and Smad4 mRNA (P=0.016, P=0.001) and protein (P<0.001, 
P<0.001). Conclusion: Inhibition of microRNA-194 expression can activate TGF-β1 signaling pathways and affect 
the phenotype and function of vascular smooth muscle cells, possibly relating to development of aortic dissection.

Keywords: microRNA-194, aortic dissection, aortic aneurysm, vascular smooth muscle cells, transforming growth 
factor-β1 (TGF-β1)

Introduction

Aortic aneurysm is a local expansion of the 
blood vessel wall because of the patient’s aor-
tic wall atherosclerosis, decreased elasticity, 
and inability to withstand hemodynamic impact 
[1]. In the case of aortic aneurysms and other 
underlying lesions, due to the impact of blood 
flow, aortic dissection can lead to progressive 
intimal tear and the formation of true and false 
lumens of arterial lumen with high risk of major 
bleeding. The majority of patients die because 
of failure to get timely surgical treatment. It is a 
common critical illness in cardiovascular dis-
ease [2, 3]. Currently, the formation mecha-
nism of aortic aneurysms and dissection is 
thought to be mainly related with changes of 
the structure and function of aortic tunica 
media, vascular smooth muscle cells, and 
extracellular matrix, the main components of 
tunica media [4]. Vascular smooth muscle cells 
include both contractile and synthetic forms. 
Contractile smooth muscle cells play a major 

role in elasticity and tensile strength of the vas-
cular wall. Synthetic smooth muscle cells play 
an important role in cell proliferation and migra-
tion. When the aortic vessel wall is damaged in 
aortic aneurysms and dissection, smooth mus-
cle cells can be converted from contractile to 
synthetic cells, resulting in promotion of devel-
opment of aortic dissection [5].

microRNA, a highly conserved non-coding RNA 
containing about 22 nucleotides, can negative-
ly regulate target gene expression through spe-
cific binding to the 3’untranslated region of 
mRNA. It plays an important role in aortic ath-
erosclerosis, inflammation, cancer, and other 
diseases. It has been reported in the literature 
that some microRNAs play a key role in the 
pathogenesis of aortic aneurysms and dissec-
tion. For example, aorta microRNA-4787-5p 
and microRNA-4306 were found to be signifi-
cantly increased in aortic dissection patients by 
high-throughput microRNA microarray analysis. 
These two microRNAs might participate in the 

http://www.ijcem.com


microRNA-194 in aortic aneurysms

5376	 Int J Clin Exp Med 2018;11(5):5375-5382

pathogenesis of aortic dissection by regulating 
signaling pathway of Polycystin-1 (PKD1) and 
transforming growth factor-β1 (TGF-β1) [6]. In 
addition, another study found that microRNA-
15a and microRNA-23a have a clinical diagnos-
tic value of aortic dissection by performing 
microRNA screening of 37 patients with acute 
aortic dissection, 26 patients with chronic aor-
tic dissection, and 40 controls [7]. Therefore, 
study of the role and mechanism of microRNA 
in aortic dissection has important clinical value 
for aortic dissection diagnosis, treatment, and 
prognosis.

microRNA-194 is an important regulator of cell 
proliferation, differentiation, and migration and 
is widely involved in development of melanoma, 
degenerative disc disease, psoriasis, diabetes, 
influenza, pneumonia, and other diseases 
[8-13]. However, the role of microRNA-194 in 
aortic aneurysms and dissection remains 
unclear. Therefore, in this study, we analyzed 
expression of microRNA-194 in the aortic wall 
by selecting aortic dissection patients and nor-
mal control subjects as research objects. We 
studied the function of microRNA-194 in cul-
tured vascular smooth muscle cells.

Materials and methods

Aortic dissection tissue collection

This study was reviewed and approved by the 
Ethics Committee and informed consent was 
obtained. Aortic tissue samples were taken 
from 15 aortic dissection patients, undergoing 
aortic valve replacement in our Department of 
Thoracic Surgery, and 13 normal donors with-
out aortic lesions from May 2014 to December 
2017. Inclusion criteria for aortic dissection 
patients was Stanford Type A thoracic aortic 
dissection with ascending aortic dissection 
determined by aortic arch digital subtraction 
angiography. Exclusion criteria included genetic 
factors (like familial aortic aneurysm), trauma, 
infections (such as syphilis), connective tissue 
disease (such as Marfan syndrome), and other 
causes of aortic lesions.

Construction of lentiviral vector for downregu-
lation of microRNA-194

After the complementary sequence (TCCACAT- 
GGAGTTGCTGTTACA) and nonsense sequence 
(TTCTCCGAACGTGTCACGT) of synthetic microR-

NA-194 were synthesized and annealed to dou-
ble-stranded sequence, it was inserted into a 
lentiviral vector Plkd-CMV-G & PR (Shanghai 
Heyuan) by molecular biology methods such as 
restriction endonuclease, ligation, etc. [14, 15]. 
Then, the constructed lentiviral vectors were 
divided into two groups: lentiviral vector con-
structed by microRNA-194 complementary 
sequence as microRNA-194 intervention group 
(Anti-miR194 group) and lentiviral vector con-
structed by nonsense sequence as microR-
NA-194 control Group (Scramb-Anti-miR194 
group).

Culture and treatment of human aortic smooth 
muscle cells

Human aortic wall smooth muscle cells were 
purchased from ATCC cell bank. Cells were first 
incubated with high glucose DMEM medium 
containing 10% FBS, 1% penicillin, and strepto-
mycin at a 37°C cells incubator with 5% CO2. 
Cells were inoculated into 10 cm petri dishes 
and cultured until the logarithmic growth phase. 
The medium was discarded and 15 mL of Opti-
MEM medium was added. Transfection solution 
(25 μg of plasmids constructed above and 25 
μL Obio transfection solution were respectively 
dissolved in 800 μL of Opti-MEM medium) was 
also added. After culturing for 6 hours, the 
medium was discarded. Culturing continued for 
48 hours with high glucose DMEM medium 
containing 10% FBS. Subsequently, the cells 
were stimulated with TGF-β1 (PeproTech) at a 
final concentration of 10 ng/mL for 12 hours 
before collection for qRT-PCR and Western blot 
[16].

Detection of mRNA expression by fluorescence 
quantitative PCR

Expression of microRNA-194 mRNA in aortic 
tissue and expression of α-smooth muscle 
actin (α-SMA), collagen III, Osteopontin, Smad1 
and Smad4 mRNA in human aortic smooth 
muscle cells was detected. Specifically, RNA 
extraction was performed using TRIzol one-
step method. RNA was reverse transcribed into 
cDNA using miScript RT Kit (QIAGEN) and fluo-
rescence quantitative PCR amplification was 
performed by miScript SYBR Green PCR Kit. 
Reaction conditions: 94°C 15 s, 55°C 30 s, 
70°C 30 s, a total of 30 cycles. Primers were 
synthesized in Shanghai Biological Engineering 
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Co., Ltd. [14, 17]. Specific sequences are pro-
vided in Table 1.

Smad1 and Smad4 protein expression detect-
ed by Western blotting

After collecting the cells, cell lysis and BCA 
(bicinchoninic acid) protein quantification were 
performed sequentially [18]. Western blotting 
was performed at the same total protein con-
centration. Samples were subjected to electro-
phoresis in a 10% polyacrylamide gel and then 
protein was electrotransferred to a polyvinyli-
dene difluoride membrane. 3% bovine serum 
albumin was used for block at room tempera-
ture for 1 hour. Anti-Smad1 (1:500), anti-Smad4 
(1:500), and anti-GAPDH (1:1,000) (Abcam 
company) diluted with 3% bovine serum albu-
min were added for overnight incubation at 
4°C. After washing with PBST buffer three 
times, horseradish peroxidase-labeled goat 
anti-rabbit secondary antibody (BOSTER) was 
added for 1 hour at room temperature. After 
washing with PBST buffer three times, mem-
branes were covered with ECL liquid (Beyotime) 

and finally photographed in the gel imaging 
system.

Statistical analysis

All measurement data are expressed as mean 
± standard deviation. SPSS 20.0 was used for 
data analysis. Measurement data were subject-
ed to normal distribution test and compared 
using independent t-test. P<0.05 means the 
difference is statistically significant.

Results

microRNA-194 mRNA is downregulated in the 
aorta with dissection

To analyze expression of microRNA-194 in aor-
tic dissection, we first performed microR-
NA-194 fluorescence quantitative PCR detec-
tion on tissues from aortic dissection patients 
and control participants. Results in Figure 1 
show that microRNA-194 mRNA expression 
was significantly decreased in patients with 

Table 1. Primer sequence of fluorescent quantitative PCR detection
Gene Upstream sequence Downstream sequence
microRNA-194 5’CATGATCAGCTGGGCCAAGATCCACATGGAGT3’ 5’TGTAACAGCAACTCCA3’
α-SMA 5’TGGCTACTCCTTCGTGACCA3’ 5’GCCGACTCCATACCGATGAA3’
Collagen III 5’AAGAGCGGAGAATACTGGG3’ 5’CAATGTCATAGGGTGCGATA3’
Osteopontin 5’TGATGCTACAGACGAGGAC3’ 5’ACTATCAATCACATCGGAAT3’
Smad1 5’ACAGTCTGTGAACCATGGATTTGA3’ 5’TGAGGTGAACCCATTTGAGTAAGAA3’
Smad4 5’GCGACGAAGGTCATCAACAC3’ 5’TCATCGACAGATGCAGCAGC3’
GAPDH 5’CCTCTGACTTCAACAGCGACA3’ 5’TGGTCCAGGGGTCTTACTCC3’
Note: α-SMA, α-smooth muscle actin.

Figure 1. Expression of microRNA-194 mRNA in aor-
tic dissection. AD group compared with the normal 
group, *P<0.05.

Figure 2. Downregulation of microRNA-194 expres-
sion can promote the phenotype of human vascular 
smooth muscle cells indicated by increased α-SMA 
expression. Anti-miR194 group compared with the 
Scramb-Anti-miR194 group, **P<0.01.
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aortic dissection (P=0.019), suggesting that 
microRNA-194 may play a role in the pathogen-
esis of aortic dissection.

microRNA-194 knockdown promotes phe-
notypic transformation of human vascular 
smooth muscle cells

In order to further study the mechanism of 
decreased expression of microRNA-194 in  
aortic dissection, we constructed a lentiviral 
vector which could downregulate expression of 
microRNA-194 and transfected it into human 
vascular smooth muscle cells to observe the 
effects of microRNA-194 on human vascular 
smooth muscle cells. Results in Figure 2 show 
that expression of α-SMA, a specific molecule 
of contracted vascular smooth muscle cells 
[19], decreased significantly by downregulation 
of microRNA-194 expression in human vascu-
lar smooth muscle cells (P=0.005). 

microRNA-194 knockdown promotes expres-
sion of collagen III and osteopontin

To further investigate whether intervention of 
microRNA-194 can further affect the function 
of smooth muscle cells to promote progression 
of aortic dissection, we selected collagen III 
and osteopontin as the indicator [20-22]. 
Results in Figures 3 and 4 show that downregu-
lating expression of microRNA-194 can pro-
mote expression of collagen III and osteopontin 
(P<0.001, P=0.022). Collagen III and osteopon-
tin are components of the vascular wall but do 
not have the function of maintaining elasticity 
of the vessel wall. Excessive levels of collagen 
III and osteopontin can cause stiffness and 
lack of elasticity of the vessel wall, which is 
associated with remodeling of the vessel wall 
[17, 23]. 

These results imply that downregulation of 
microRNA-194 expression can promote the 

Figure 3. Downregulating expression of microR-
NA-194 can promote expression of collagen III mRNA. 
Anti-miR194 group compared with the Scramb-Anti-
miR194 group, **P<0.01.

Figure 4. Downregulating expression of microR-
NA-194 can promote expression of osteopontin 
mRNA. Anti-miR194 group compared with the 
Scramb-Anti-miR194 group, *P<0.05.

Figure 5. Downregulating expression of microR-
NA-194 can promote expression of Smad1 mRNA. 
Anti-miR194 group compared with the Scramb-Anti-
miR194 group, *P<0.05.

Figure 6. Downregulating expression of microR-
NA-194 can promote expression of Smad4 mRNA. 
Anti-miR194 group compared with the Scramb-Anti-
miR194 group, **P<0.01.
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transformation of human vascular smooth mu- 
scle cells from contractile to synthetic. There- 
fore, downregulating expression of microR-
NA-194 can further affect function of smooth 
muscle cells and play an important role in the 
pathological progress of aortic dissection.

microRNA-194 downregulation is associated 
with TGF-β1 signaling activation

In order to further explore specific mechanisms 
of phenotypic transformation and functional 
changes by microRNA-194 in smooth muscle 
cells, we analyzed the TGF-β1 signaling path-
way. Figures 5 and 6 show that downregulation 
of microRNA-194 could promote expression of 
Smad1 and Smad4 mRNA (P=0.016, P=0.001). 
We also conducted Western blot to detect pro-
tein levels. Results in Figure 7A show that 
Smad1 and Smad4 proteins were significantly 
increased when microRNA-194 was downregu-
lated. Figure 7B shows that Smad1 and Sm- 
ad4 proteins were significantly increased after 
microRNA-194 knockdown (P<0.001, P<0.001). 
As key molecules in TGF-β1 signaling pathway, 
significant increase in mRNA and protein ex- 
pression of Smad1 and Smad4 indicate the 
activation of TGF-β1 signaling pathway.

Discussion

Aortic dissection is a vascular system disease 
with high mortality and high disability. The main 
pathological changes are changes of extracel-
lular matrix such as apoptosis, degeneration, 
phenotypic transformation, and elastic fibers 
and collagen fibers in the aortic smooth muscle 
cells but the specific pathogenesis remains 
unclear and there remains a lack of corre-
sponding prevention and curative measures 
[4]. Aortic dissection is often accompanied by 
changes in expression of microRNAs. microR-
NAs play an important role in the pathological 
progression of aortic dissection by regulating 
key cell and signaling pathways [24, 25]. 
microRNA-194 is widely involved in regulation 
of biological processes such as cell prolifera-
tion, differentiation, and apoptosis. It has been 
found that microRNA-194 plays an important 
regulatory role in cancer, infectious diseases, 
and metabolic diseases. However, little re- 
search has been done on aortic dissection. 
Therefore, we investigated expression levels of 
microRNA-194 in aortic dissection and studied 
the specific mechanism of microRNA-194 in 
vitro using vascular smooth muscle cells.

We first performed microRNA-194 fluorescence 
quantitative PCR on aortic dissection and nor-
mal aorta tissues. We found that expression  
of microRNA-194 mRNA was significantly 
decreased in patients with aortic dissection, 
suggesting that microRNA-194 may play a role 
in the pathogenesis of aortic dissection 
(P<0.05). Then, by constructing a lentiviral vec-
tor to interfere with expression of microR-
NA-194 in human vascular smooth muscle 
cells, we found that downregulation of microR-
NA-194 can promote transformation of vascu-
lar smooth muscle cells from contractile to syn-
thetic and increase expression of collagen III 
and osteopontin. Previous studies have found 
that microRNA-194 could regulate differentia-
tion of hepatocytes, osteoblasts, neurons, epi-
thelial cells, and mesenchymal stem cells [26-
28]. Overexpression of microRNA-194 can pro-
mote differentiation of mesenchymal stem 
cells into osteoblasts [29]. However, there have 
not been any reports on the role of microR-
NA-194 in vascular smooth muscle cells. Here, 
we report for the first time that downregulation 
of microRNA-194 plays an important role in 
development of aortic dissection by promoting 
transformation from contractile to synthetic 
phenotypes of vascular smooth muscle cells.

Figure 7. A: Downregulation of microRNA-194 ex-
pression can promote expression of Smad1 and 
Smad4 protein, B: Western blot analysis of Smad1 
and Smad4 protein expression. GAPDH is an internal 
reference protein, Anti-miR194 group compared with 
the Scramb-Anti-miR194 group, **P<0.01.
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Vascular smooth muscle cells are important 
cells that maintain the structure and function 
of blood vessels. When they undergo apopto-
sis, denaturation, and phenotypic transforma-
tion by external stimuli, they can cause struc-
tural remodeling of blood vessels and reduction 
of elasticity [30]. In a resting state, smooth 
muscle cells show contractile type. After stimu-
lation, they can be converted to synthetic type, 
which can enhance cell proliferation with elas-
ticity significantly reduced, causing pathologi-
cal changes such as vascular remodeling [31-
33]. Pei et al. found that expression of collagen 
III and osteopontin in the aortic wall was signifi-
cantly increased in patients with aortic aneu-
rysm. Moreover, contractile-specific α-SMA of 
vascular smooth muscle cells was significantly 
decreased in vitro cell experiments, while syn-
thesis of collagen III and osteopontin was sig-
nificantly increased. Their results indicated that 
phenotypic transformation of vascular smooth 
muscle cells is involved in development of aor-
tic aneurysms pathogenesis [17]. Therefore, 
expression of α-SMA, collagen III, and osteo-
pontin in human vascular smooth muscle cells 
was also detected in our study. It was found 
that downregulation of microRNA-194 could 
significantly reduce α-SMA, whereas osteopon-
tin, a marker of synthetic vascular smooth mus-
cle cells, was significantly increased [19, 20]. 
These results suggest that microRNA-194 is 
involved in phenotypic modulation of vascu- 
lar smooth muscle cells. Furthermore, elastic 
fibers and collagen fibers constitute the main 
matrix components of blood vessels and their 
imbalance in proportion is the structural basis 
for reduction of blood vessel elasticity. Wang et 
al. found that connective tissue growth factor 
can promote expression of collagen III in the 
aortic wall and play a key role in the pathogen-
esis of aortic dissection [23]. We also found 
that downregulation of microRNA-194 can sig-
nificantly increase expression of collagen III, 
suggesting that microRNA-194 plays an impor-
tant role in synthesis and regulation of extracel-
lular matrix.

TGF-β1 can promote transformation of vascular 
smooth muscle cells from contraction to syn-
thetic, with biological functions of promoting 
cell migration and secretion, playing a key role 
in vascular remodeling. According to the litera-
ture, expression of TGF-β1 in aortic dissection 
is significantly increased, with the most promi-
nent in the intima and media of vessels [34]. 

Therefore, in order to further explore the mech-
anism by which microRNA-194 induces vascu-
lar smooth muscle cell phenotype transforma-
tion and extracellular matrix regulation, we 
detected Smad1 and Smad4, key molecules of 
TGF-β1 signaling pathway. We found that 
Smad1 and Smad4 were significantly increased 
at mRNA and protein levels. These results sug-
gest that inhibition of microRNA-194 may play a 
role in the pathological progress of aortic dis-
section by activating the TGF-β1 signaling path-
way to promote vascular smooth muscle cell 
phenotype transformation and extracellular 
matrix regulation.

We found that inhibition of microRNA-194 
expression can activate TGF-β1 signaling path-
way and affect the phenotype and function of 
vascular smooth muscle cells, thereby promot-
ing development of aortic dissection. There 
were still many shortcomings: 1) The effect of 
microRNA-194 overexpression on the pheno-
type and function of vascular smooth muscle 
cells was not studied; 2) Vascular endothelial 
cells are also important cells in the aortic wall, 
whether microRNA-194 can participate in 
development of aortic dissection by regulating 
function of vascular endothelial cells was not 
determined; and 3) Most of the experimental 
results were obtained by cell experiments in 
vitro and were not verified in animal experi-
ments. Therefore, we plan to further carry out 
microRNA-194 overexpression in human vascu-
lar smooth muscle cells and cultivate vascular 
endothelial cells in vitro to investigate whether 
intervention of microRNA-194 influences the 
biological function of vascular endothelial cells. 
We plan to construct an animal model of aortic 
dissection and conduct in vivo validation of the 
roles of microRNA-194.

In this study, we analyzed expression of microR-
NA-194 in the aortic walls of 15 aortic dissec-
tion patients undergoing aortic valve replace-
ment and 13 normal donors without aortic 
lesion. We found that inhibition of microR-
NA-194 expression may be involved in the 
pathogenesis of aortic dissection. Subsequ- 
ently, through downregulating expression of 
microRNA-194 in human vascular smooth mus-
cle cells by lentiviral transfection, it was found 
that downregulation of microRNA-194 can pro-
mote transformation of vascular smooth mus-
cle cells from contractile to synthetic and 
increase expressions of collagen III and osteo-
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pontin. In addition, activation of TGF-β1 signal-
ing pathway plays an important role. Therefore, 
inhibition of microRNA-194 expression can 
activate TGF-β1 signaling pathways and affect 
the phenotype and function of vascular smooth 
muscle cells, resulting in development of aortic 
dissection.
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