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Abstract: This experiment was conducted to investigate whether total flavones of Clematis filamentosa Dunn affect the inflammatory response and apoptosis

of vascular smooth muscle cells induced by oxidized low-density lipoprotein (oxLDL) by regulating microRNA-455-5p (miR-455-5p). 50 mg/mL oxLDL was
performed to stimulate the injury of vascular smooth muscle cells, and the total flavones of Clematis filamentosa Dunn were added at concentrations of 75, 150,
and 300 pg/mL. The expressions of inflammatory factors IL-1f and TNF-a were analyzed by ELISA, the apoptosis was evaluated by flow cytometry, the expres-
sion of Bel-2 and Bax was determined by western blot, and the real-time fluorescence quantitative PCR (qRT-PCR) was applied to detect miR-455-5p expression.
MiR-455-5p mimic was transfected into vascular smooth muscle cells and then induced injury with oxLDL; miR-455-5p inhibitor was transfected into vascular
smooth muscle cells and treated with oxLDL and 300 pg/mL total flavones of Clematis filamentosa Dunn. The above methods were employed to investigate the
inflammatory response and apoptosis of cells. The total flavones of Clematis filamentosa Dunn significantly inhibited the expression of IL-1B, TNF-a, apoptosis
rate, Bax protein expression of oxLDL induced vascular smooth muscle cells, and remarkably promoted the expression of Bel-2 protein and miR-455-5p, which all
showed concentration dependence (p<0.05). Overexpression of miR-455-5p reduced IL-1p, TNF-a expression, apoptosis rate, Bax protein expression, and greatly
increased Bcl-2 protein expression in oXLDL injured vascular smooth muscle cells (p<0.05). After interfering with the expression of miR-455-5p, the inhibitory
effect of total flavones of Clematis filamentosa Dunn on the expression of IL-1p, TNF-a, apoptosis, Bax protein expression of oxLDL-induced vascular smooth
muscle cells was reversed, and its promotion effect on Bel-2 protein expression was also reversed. Total flavones of Clematis filamentosa Dunn can reduce oxLDL-
induced vascular smooth muscle cell inflammation and inhibit its apoptosis. The mechanism of action is related to the up-regulation of miR-455-5p expression.
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Introduction

Arteriosclerosis is a general term for thickening and
hardening of the walls of the arteries; in other words,
when the arteries and veins lose their elasticity and
sometimes the diameter of the arteries changes. The
disease occurs in large and medium-sized arteries. The
most common type is atherosclerosis, or hardening of
the arteries, which causes hardening of the walls of
the arteries due to the presence of low-density fat and
cholesterol plaques. High blood cholesterol, high blood
pressure, genetic factors and smoking are probably
the most important causes of atherosclerosis. Atheros-
clerosis is the most important cause of death in many
countries due to myocardial infarction. Atherosclerosis
is more common in men. Increased lipid peroxidation
is one of the main causes of the onset and progression
of arteriosclerosis. Atherosclerosis is a chronic arterial
disease with a high mortality rate worldwide, which is a
major cause of acute cardiovascular events (1-2). As an
inflammatory disease, it is characterized by lipid accu-
mulation, fibrous cap formation, and necrotic nucleoge-
nesis. The formation of atherosclerotic lesions involves
a variety of cell types, such as smooth muscle cells,
endothelial cells, and macrophages (2). Previous studies

have shown that abnormal proliferation and apoptosis
of vascular smooth muscle cells have a close relation
to the progression of atherosclerosis (3). Oxidized low-
density lipoprotein (oxLLDL) is a key risk factor in the
progress of atherosclerosis, which can affect the vas-
cular smooth muscle cell proliferation and apoptosis
according to reports (4). Clematis filamentosa Dunn
is Clematis Ranunculaceae leaves, which can calm the
mind, reduce blood pressure and activate meridians to
stop the pain. Studies have shown that total flavones of
Clematis filamentosa Dunn (TFCD) protect rat myocar-
dial cells with H/R injury, whose mechanism may be
related to anti-lipid peroxidation and reduction of intra-
cellular calcium overload (5).

MicroRNAs (abbreviated miRNAs) are small, non-
encoded RNA sequences (about 22 nucleotides) found
in plants, animals, and some viruses that function in in-
hibiting RNA, post-transcription, and gene expression.
While most miRNAs are located inside the cell, others,
commonly called circulating or extracellular miRNAs,
are also present in extracellular environments, such as
various biological fluids and cell culture media. The
miRNAs act based on a base pair relationship with their
complementary sequences within mRNA molecules,
and as a result, the mRNA molecule is inhibited during
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one or more processes (6-7).

microRNA (miRNA) is a class of non-coding en-
dogenous small RNAs with a length of about 18-22
nucleic acids. In atherosclerosis, many miRNAs have
been proved as important regulators of pathological
processes, such as endothelial dysfunction and lipid
metabolism (6). According to reports, miR-455-5p is
down-regulated in hypoxia-induced myocardial cell in-
jury, interfering with IncRNA TTTY 15 expression and
reducing hypoxia-induced myocardial cell injury via
negative regulation of miR-455-5p (7). miR-455-5p has
a certain anti-inflammatory effect in the immune sys-
tem, and its down-regulation advances the inflamma-
tory pathway of recurrent multiple sclerosis disease in
replacing period (8). However, it remains unknown re-
garding the effects of total flavones of Clematis filamen-
tosa Dunn and miR-455-5p on oxLDL-induced vascular
smooth muscle cell injury, and whether total flavones
of Clematis filamentosa Dunn affect oxLDL-induced
vascular smooth muscle cells by regulating miR-455-
Sp expression is unclear. This study aims to elucidate
the protection of total flavones of Clematis filamentosa
Dunn against oxLDL-induced vascular smooth muscle
cell injury, and to explore the potential molecular me-
chanism based on miR-455-5p, thereby providing new
clues for the treatment of atherosclerosis.

Materials and Methods

Materials

Total flavones of Clematis filamentosa Dunn
(counted as 67% by rutin, Guangdong Chinese Medi-
cine Research Institute), human aortic smooth muscle
cells (HA-VSMC, American Type Culture Collection
(ATCC)), SmGM -2 medium (Lonza, Switzerland),
oxLDL (Solarbio, Beijing), Lipofectamine 2000 (Invi-
trogen, USA), miR-455-5p mimic, negative control
miR-NC, miR-455-5p inhibitor (anti-miR-455-5p),
negative control anti-miR-NC (Shanghai GenePharma),
bicinchoninic acid (BCA) protein detection kit, phos-
pholipid binding protein V-FITC(Annexin V-FITC)/
Propidium lodide(PI), apoptosis detection kit (Jiangsu
KeyGen Biotechnology Co., Ltd.), glyceraldehyde-
3-phosphate dehydrogenase(GAPDH) antibody, B cell
lymphoma/lewkmia-2 (Bcl-2) antibody, Bcl-2 Asso-
ciated X Protein (Bax) antibody, HRP labeled sheep
anti-rabbit IgG secondary antibody (Abcam, USA),
interleukin-1p(Inter leukin-1p, IL-1fB), tumor necro-
sis factor-a( TNF-a), Enzyme-Linked ImmunoSorbent
Assay(ELISA) kit(Shanghai Mlbio Company), Super-
Script First - Strand kit (Thermo Fisher, USA), Quanti-
Tect SYBR Green kit (Qiagen, USA).

Cell culture

Vascular smooth muscle cells were cultured in
SmGM-2 medium containing 5% fetal bovine serum
and placed in a saturated and moist incubator at 37°C
with 5% CO,,.

Experiment grouping and treatment

Before transfection, vascular smooth muscle cells
were divided into Con group (control group, normal
saline with equal oxLDL was given for 24 h), oxLDL
group (model group, 50 mg/mL oxLDL was given for

24 h(9)), oxLDL+ TFCD-1 group (low concentration
drug, 50 mg/mL oxLDL and 75 pg/mL total flavones
of Clematis filamentosa Dunn were given for 24 h),
oxLDL+ TFCD-M group (medium concentration drug,
50 mg/mL oxLDL and 150 pg/mL total flavones of
Clematis filamentosa Dunn were given for 24 h), and
oxLDL+ TFCD-H group(high concentration drug, 50
mg/mL oxLDL and 300 pg/mL total flavones of Clema-
tis filamentosa Dunn were given for 24 h).

After transfection, the vascular smooth muscle
cells were divided into oxLDL+ miR-NC group (after
transfection with miR-NC for 24 h, 50 mg/mLoxLDL
was given for 24h), oxLDL+ miR-455-5p group (after
transfection with miR-455-5p mimic for 24 h, 50 mg/
mLoxLDL was given for 24h), oxXLDL+TFCD+ anti-
miR-NC group(after transfection with anti-miR-NC for
24h, 50 mg/mL oxLDL and 300 pg/mL total flavones
of Clematis filamentosa Dunn were given for 24h),
oxLDL+TFCD+ anti-miR-455-5p group (after trans-
fection with miR-455-5p inhibitor for 24 h, 50 mg/mL
oxLDL and 300 pg/mL total flavones of Clematis fila-
mentosa Dunn were given for 24h).

When transfection with vascular smooth muscle
cells, the cells were seeded in a 6-well plate with a
density of 1x10° cells/well. When the cell confluence
was observed at 60%-70%, miR-455-5p mimic, miR-
NC, miR-455-5p inhibitor, anti-miR-NC were trans-
fected into the cells using Lipofectamine 2000 reagent
according to the manufacturer's instructions, followed
by grouping. Where quantitative real-time PCR (qRT-
PCR) was used to evaluate miR-455-5p overexpression
or interference with miR-455-5p expression efficiency.

Analysis of IL-1p, TNF-a expression by ELISA

In accordance with the manufacturer's guidelines,
the supernatant of differently-treated vascular smooth
muscle cells was collected to detect IL-18, TNF-a ex-
pression by ELISA.

Apoptosis assessment by flow cytometry

According to the manufacturer's instructions, diffe-
rently-treated vascular smooth muscle cells were col-
lected, washed with phosphate buffer, suspended in bin-
ding buffer. 5 uL Annexin V-FITC and 5 pL PI staining
solution were added into 1x10° cells, followed by reac-
tion in the dark for 30 min. Cell apoptosis was analyzed
using flow cytometry, and cell apoptosis rate equals to
the sum of early apoptosis cells (Annexin V*/PI') and
late apoptosis cells (Annexin V*/PI").

Detection of Bcl-2, Bax protein expressions by wes-
tern blot

Protein was extracted from differently-treated vas-
cular smooth muscle cells using RIPA lysate, followed
by protein quantification using the BCA kit. 50 pg pro-
tein samples were extracted and subject to 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and
membrane transfer. The separated protein was sealed
in 5% skim milk powder, and then fully washed with
Tris-buffered saline with Tween (TBST). 1:1000 diluted
Bcl-2, Bax and 1:2000 diluted control GAPDH primary
antibody was added and incubated overnight at 4°C. On
the next day, the 1:500 diluted HRP-labeled sheep anti-
rabbit IgG secondary antibody was added and incubated
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at room temperature for 1 h. After fully washed with
TBST, the protein bands were visualized by enhanced
chemiluminescence liquid, and the protein expression
levels of Bcl-2 and Bax were analyzed by Quantity One
software.

Detection of miR-455-5pexpression by qRT-PCR

Total RNA was isolated from vascular smooth
muscle cells using Trizol reagent and then reverse
transcribed using SuperScript First-Strand according
to manufacturer's instructions. Real-time PCR was
performed using the QuantiTect SYBR Green PCR
kit. The primer sequence of miR-455-5p is: forward:
5'-CGAGCTTCCTTCTGCAGGT-3', reverse:5'-CAC-
CACTGCCATCCCACA-3". The primer sequence
of internal reference U6 is: forward:5-TGCGGG-
TGCTCGCTTCGGCAGC-3', reverse: 5'-GTGCAG-
GGTCCGAGGT-3". miR-455-5p expression was ana-
lyzed using the 2-*4“* method.

Statistical analysis

SPSS22.0 software was used for statistical proces-
sing of the data. Each independent experiment was re-
peated three times, and the results were expressed as
mean +standard deviation (x+£s). t-test was used for data
comparison between two groups, one-way analysis of
variance was used for data comparison between mul-
tiple groups, and the SNK-q test was used for pairwise
comparison between groups. p<0.05 indicates a signifi-
cant difference.

Table 1. Effect of total flavones of Clematis filamentosa Dunn on the
expression of oxLDL-induced inflammatory cytokines in vascular
smooth muscle cells (x+s, n=9).

Group — IL-1p(pg/mL) TNF-a(pg/mL)
Con 17.91+1.59 31.19+3.91
oxLDL 65.93£5.192 93.52+7.23%
oxLDL+TFCD-L 53.79+4.79° 79.83+6.78°
oxLDL+TFCD-M  41.64+3.53% 61.93+5.220
oxLDL+TFCD-H 27.9742.305¢ 44.78+4.07b

F 239.290 182.818

P 0.000 0.000

Note: compared with Con group, p<0.05; compared with oxLDL
group, °p<0.05; compared with oxLDL+TFCD-L group, »<0.05;
compared with oxLDL+TFCD-M group, ‘p<0.05.

Results
Effect of total flavones of Clematis filamentosa Dunn
on the expression of oxLDL-induced inflammatory
cytokines in vascular smooth muscle cells

The detection data of inflammatory cytokines are
shown in Table 1. Compared with the Con group,
oxLDL group has significantly increased expression
levels of inflammatory cytokines IL-1f3, TNF-a in vas-
cular smooth muscle cells (p<0.05). After treatment
with total flavones of Clematis filamentosa Dunn, com-
pared with oxLDL group, oxLDL+TFCD-L group,
oxLDL+TFCD-M group and the oxLDL+TFCD-H
group have significantly decreased expression levels
of IL-1PB, TNF-a in vascular smooth muscle cells in a
concentration-dependent manner(p<0.05).

Effect of total flavones of Clematis filamentosa Dunn
on oxLDL-induced apoptosis of vascular smooth
muscle cells

The apoptosis detection results are shown in Table
2 and Figure 1B. Compared with the Con group, the
oxLDL group has significantly increased the apop-
tosis rate of vascular smooth muscle cells (P<0.05).
Compared with the oxLDL group, oxLDL+TFCD-L,
oxLDL+TFCD-M and oxLDL+TFCD-H groups have

Fal
& & &
& N
F & & &
Bl D c— — — —
Bax e o W S— — —

crron - —— — —

Gon oxlDL
B

oL DL+TFCD-L ax DL+ TFCD-M oxLDL+TFCD-H

w] ’ @ik o ==

Figure 1. Effect of total flavones of Clematis filamentosa Dunn
on oxLDL-induced apoptosis of vascular smooth muscle cells. A:

Apoptosis-related protein expression; B: Flow cytometry of apop-
tosis.

Table 2. Effect of total flavones of Clematis filamentosa Dunn on oxLDL-induced apoptosis of

vascular smooth muscle cells (x_is, n=9).

Group Apoptosis rate(%) Bcl-2 protein Bax protein
Con 8.23+0.57 0.76+0.05 0.16+0.02
oxLDL 32.81+£2.78% 0.28+0.03® 0.57+0.04*
oxLDL+TFCD-L 24.47+£2.07° 0.41+£0.04° 0.46+0.04°
oxLDL+TFCD-M 17.42+1.50% 0.53+0.05" 0.34+0.03"
oxLDL+TFCD-H 11.53+1.16°¢ 0.65+0.06"¢ 0.22+0.02°¢
F 278.796 146.068 260.816

P 0.000 0.000 0.000

Note: Compared with Con group, *p<0.05; compared with oxLDL group, °p<0.05; compared with
oxLDL+TFCD-L group, »<0.05; compared with oxXLDL+TFCD-M group, p<0.05.
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significantly reduced the apoptosis rate of vascular
smooth muscle cells in a concentration-dependent man-
ner (p<0.05). The expression detection results of apop-
tosis-related proteins Bcl-2 and Bax are shown in Table
2 and Figure 1 A. Compared with the Con group, oxLDL
group has significantly reduced Bcl-2 protein expres-
sion level and significantly increased Bax protein ex-
pression level in vascular smooth muscle cells (p<0.05).
Compared with the oxLDL group, oxLDL+TFCD-L,
oxLDL+TFCD-M and oxLDL+TFCD-H groups have
significantly increased Bcl-2 protein expression levels
and significantly decreased Bax protein expression level
in vascular smooth muscle cells, both in a concentra-
tion-dependent manner (p<0.05).

Effect of total flavones of Clematis filamentosa Dunn
on oxLDL-induced miR-455-5p expression in vascu-
lar smooth muscle cells

The measured miR-455-5p expression is shown in
Table 3. Compared with the Con group, the oxLDL group
has significantly reduced miR-455-5p expression in
vascular smooth muscle cells (p<0.05). Compared with
the oxLLDL group, oxLDL+TFCD-L, oxLDL+TFCD-M
and oxLDL+TFCD-H groups have gradually increased
miR-455-5p expression level in vascular smooth muscle
cells, showing concentration dependence (p<0.05).

Table 3. Effect of total flavones of Clematis filamentosa Dunn on
oxLDL-induced miR-455-5p expression in vascular smooth muscle
cells(Xts, n=9).

Group miR-455-5p
Con 1.00£0.05
oxLDL 0.37+0.04°
oxLDL+TFCD-L 0.53+0.04°
oxLDL+TFCD-M 0.66=0.05"

oXLDL+TFCD-H 0.8240.07b<
F 206.897
p 0.000

Note: Compared with Con group, »<0.05; compared with oxLDL
group, °»<0.05; compared with oxLDL+TFCD-L group, °p<0.05;
compared with oxXLDL+TFCD-M group, 9p<0.05.

Effect of miR-455-5p overexpression on the expres-
sion of oxLDL-induced inflammatory cytokines in
vascular smooth muscle cells

The detection results of miR-455-5p expression are
shown in Table 4. Compared with the oxLDL+miR-NC
group, the oxLDL+miR-455-5p group has significant-
ly increased miR-455-5p expression level in vascular
smooth muscle cells (p<0.05). The detection data of in-
flammatory cytokines IL-1p, TNF-a are shown in Table
4. Compared with the oxLDL+miR-NC group, the
oxLDL+miR-455-5p group has significantly reduced
expression levels of IL-1B3, TNF-a (p<0.05).

Effect of miR-455-5p overexpression on oxLDL-in-
duced apoptosis of vascular smooth muscle cells

The apoptosis detection results are shown in Table
5 and Figure 2B. Compared with the oxLDL+miR-NC
group, the oxLDL+miR-455-5p group has significantly
reduced the apoptosis rate of vascular smooth muscle
cells (p<0.05). The detection results of Bcl-2 and Bax
protein expression are shown in Table 5 and Figure
2A. Compared with the oxLDL+miR-NC group, the
oxLDL+miR-455-5p group has significantly increased
Bcl-2 protein expression level and significantly reduced
Bax protein expression level (p<0.05).

Interference with miR-455-5p expression reverses
the effect of total flavones of Clematis filamentosa
Dunn (300pg/mL) on oxLDL-induced vascular
smooth muscle cell injury

miR-455-5p expression and damage of vascular
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Figure 2. Effect of miR-455-5p overexpression on oxLDL-in-
duced apoptosis of vascular smooth muscle cells. A: Apoptosis-

related protein expression; B: Flow cytometry of apoptosis.

Table 4. Effect of miR-455-5p overexpression on the expression of oxLDL-induced inflammatory

cytokines in vascular smooth muscle cells (;is, n=9).

Group miR-455-5p IL-1B(pg/mL) TNF-o(pg/mL)
oxLDL+miR-NC 1.00+0.06 67.17+6.56 98.29+9.40
oxLDL+miR-455-5p  2.91+0.24° 39.72+3.65° 53.67+4.27¢

t 23.162 10.970 12.965

p 0.000 0.000 0.000

Note: Compared with the oxLDL+miR-NC group, ®p<0.05.

Table 5. Effect of miR-455-5p overexpression on oxLDL-induced apoptosis of vascular smooth muscle

cells (xts, n=9).

Group Apoptosis rate (%)  Bcl-2 protein Bax protein
oxLDL+miR-NC 33.14+9.22 0.27+0.03 0.59+0.05
oxLDL+miR-455-5p 15.56+1.33® 0.61£0.05° 0.29+0.03¢

t 5.662 17.493 15.435

p 0.000 0.000 0.000

Note: Compared with the oxLDL+miR-NC group, p<0.05.
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Table 6. Interference with miR-455-5p expression reverses the effect of total flavones of Clematis filamentosa Dunn (300pg/mL) on oxLDL-

induced vascular smooth muscle cell injury (x+s, n=9).

Group miR-455-5p IL-1B(pg/mL) TNF-o(pg/mL) Apoptosis rate (%) Bcl-2 protein Bax protein
oxLDLATFCD 1.00£0.05 26944278  43.5743.97 10.62+1.04 0.67+0.05 0.21+0.02
+anti-miR-NC

oxLDL+TFCD 0.55£0.05°  54.89+45.75°  81.9147.56° 25.93+2.41¢ 0.38£0.03°  0.47+0.04*
+anti-miR-455-5p

t 19.092 13.129 13.470 14.498 14.920 17.441

p 0.000 0.000 0.000 0.000 0.000 0.000

Note: Compared with oxXLDL+TFCD+anti-miR-NC group, *P<0.05.
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Figure 3. Interference with miR-455-5p expression reverses the

Annexin V-FITC

effect of total flavones of Clematis filamentosa Dunn on oxLDL-
induced apoptosis of vascular smooth muscle cells. A: Apoptosis-

related protein expression; B: Flow cytometry of apoptosis.

smooth muscle cells are measured as shown in Table 6
and Figure 3. Compared with the oxLDL+TFCD+anti-
miR-NC group, the oxLDL+TFCD+anti-miR-455-5p
group has significantly reduced miR-455-5p expression
level, significantly increased IL-1B, TNF-a expression
levels and apoptosis rate, significantly decreased Bcl-2
protein expression level and significantly increased Bax
protein expression level (p<0.05).

Discussion

Vascular smooth muscle cells play a key role in
atherosclerosis (10) as the main cellular determinant of
arterial wall disease. In atherosclerosis, vascular smooth
muscle cells first carry lipid retention and lipid over-
load through the formation and death of foam cells.
As vascular smooth muscle cells help the synthesis of
matrix components to form fibrous caps of atheroscle-
rotic plaques, induction of apoptosis in vascular smooth
muscle cells increases the vulnerability and medial
degeneration of plaques, leading to plaque thrombosis
(11). OxLLDL plays an important role in the early stages
of atherosclerosis because activation of its receptor
(LOX-1) increases oxidative stress and apoptosis in the
blood vessels, inducing endothelial dysfunction that
leads to inflammation. Therefore, oxLDL-stimulated
vascular smooth muscle cells are taken as the model of
atherosclerotic cells in this study to investigate the regu-
latory mechanisms involved in atherosclerosis.

Atherosclerosis is a chronic inflammatory response
to arterial wall damage. Endothelial inflammation will
stimulate the production of pro-inflammatory cytokines
and adhesion molecules like IL (interleukin)-6. These
effectors cause adherence of monocytes and T cells as
well as infiltration of neointimal lesions so that pro-in-
flammatory cytokines are secreted therefrom, such as
TNF-a and interferon y (12). Monocyte-derived macro-
phages produce foam cells via phagocytosis of oxLDL,
which shows characteristics of fatty streaks. Blocking

inflammatory factor IL-1f is a promising therapy that
can prevent the occurrence and progression of athero-
sclerotic plaques and thereby prevent cardiovascular
disease. TNF-a is an early inflammatory biomarker of
atherosclerosis, which can predict cardiovascular events
in the short term (13). In this study, it was observed that
oxLDL induced vascular smooth muscle cells, resulting
in significantly increased expression of inflammatory
cytokines IL-1B, TNF-a. At the same time, there was in-
creased apoptosis, increased expression of pro-apoptotic
protein Bax, and decreased expression of anti-apoptotic
protein Bcl-2, suggesting that vascular smooth muscle
cells were injured by oxLDL. In clinical care, keeping
a healthy lifestyle is the most important measure to pre-
vent atherosclerosis, so several unhealthy behaviors
should be avoided, such as smoking, sedentary lifestyle,
overweight and bad dietary habits (14). Considering the
key role of inflammation in the pathogenesis of athe-
rosclerosis, anti-inflammatory therapy is considered as
a promising option for the treatment of atherosclerosis.

Clematis filamentosa Dunn is traditional Chinese
medicine in China with rich flavonoids, which is often
used in the treatment of hypertension and coronary heart
disease (15). Data show that total flavones of Clema-
tis filamentosa Dunn have been proved to have a pro-
tective effect on the nerve damage caused by hydrogen
peroxide (16), which can interfere with the mitochon-
drial pathway of apoptosis via inhibition of lipid pe-
roxidation, thereby reducing the myocardial toxicity of
epirubicin (17). Total flavones of Clematis filamentosa
Dunn can alleviate myocardial ischemia-reperfusion
injury in rats by oxidation resistance, promoting the
production of nitric oxide and activating Phosphoino-
sitide 3-kinase (PI3K)/Protein kinase B (Akt) pathway
(18). In this experiment, the detection results of vas-
cular smooth muscle cell injury show that treatment
with different concentrations of total flavones of Cle-
matis filamentosa Dunn significantly inhibits oxLDL-
induced IL-1B, TNF-a expression, apoptosis rate, Bax
protein expression in vascular smooth muscle cells, and
significantly promotes oxLDL-induced Bcl - 2 protein
expression in vascular smooth muscle cells. It is worth
noting that total flavones of Clematis filamentosa Dunn
show concentration dependence in these effects, indi-
cating that total flavones of Clematis filamentosa Dunn
can alleviate oxLDL-induced inflammatory reaction of
vascular smooth muscle cells and inhibit cell apoptosis,
showing certain activity in the prevention or treatment
of atherosclerosis.

Total flavones of Clematis filamentosa Dunn at dif-
ferent concentrations significantly increased oxLDL-
induced miR-455-5p expression in vascular smooth
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muscle cells, suggesting that the protection of total
flavones of Clematis filamentosa Dunn against oxLDL
injury in vascular smooth muscle cells may be related
to the up-regulation of miR-455-5p. miRNA can bind to
mRNA in 3' -untranslated region (UTR), thereby regu-
lating gene expression at the post-transcriptional level
(19). Previous reports have shown that miR-455 expres-
sion is down-regulated in primary neurons undergoing
oxygen and glucose deprivation (OGD), and the ove-
rexpression of miR-455 protects neurons from death by
down-regulating tumor necrosis factor receptor-related
factor 3 (20). miR-455-5p has low expression in high
glucose-induced retinal pigment epithelium injury, and
up-regulating it can increase the activity of high glucose-
induced retinal pigment epithelium, inhibit apoptosis,
and inhibit the secretion of inflammatory cytokines IL-
1B, IL-6 and TNF-a, thereby effectively alleviating high
glucose-stimulated inflammatory response (21). These
studies demonstrate the protective effect of miR-455-5p
in different cell injury. However, so far, the functional
significance of miR-455-5p in oxLDL-treated vascular
smooth muscle cells remains unknown. In this study, it
was detected that overexpression of miR-455-5p signi-
ficantly reduced IL-1PB, TNF-0 expressions, apoptosis
rate, Bax protein expression, and significantly increased
Bcl-2 protein expression in oxLDL-induced damaged
vascular smooth muscle cells, which is consistent with
the previous studies. In oxLDL-induced injury of vas-
cular smooth muscle cells, miR-455-5p can also pro-
tect vascular smooth muscle cells from oxLDL injury.
In addition, this study investigates the mechanism of
action of total flavones of Clematis filamentosa Dunn,
finding that after interfering with miR-455-5p expres-
sion, the inhibitory effect of total flavones of Clema-
tis filamentosa Dunn on oxLDL-induced IL-1B, TNF-a
expression, apoptosis, and Bax protein expression in
vascular smooth muscle cells was reversed, and its pro-
moting effect on Bcl-2 protein expression was also re-
versed. These results suggest that the protection of total
flavones of Clematis filamentosa Dunn against oxLDL-
induced vascular smooth muscle cell injury is achieved
by up-regulating miR-455-5p expression. The subject
of gene expression and its regulation has always been
an interesting topic for molecular genetic researchers,
and research in this area has yielded interesting results.
Gene editing has been one of the most important achie-
vements of human research that can greatly control gene
expression (22-33). In this experiment, the miR-455-5p
expression was targeted.

In conclusion, this study demonstrates the protection
of total flavones of Clematis filamentosa Dunn against
oxLDL-induced vascular smooth muscle cell injury.
Total flavones of Clematis filamentosa Dunn can inhi-
bit the expression of inflammatory factors and reduce
cell apoptosis. In addition, its mechanism of action has a
relation to the up-regulation of miR-455-5p expression.
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