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Balloon angioplasty-induced neointimal hyperplasia remains a clinical problem that must be resolved. 'e bioactivities of the
Crossostephium chinense extract (CCE) have demonstrated potential in preventing the progression of restenosis. 'e present study
evaluated whether CCE can suppress balloon angioplasty-induced neointima formation and elucidated its possible pharmacological
mechanisms. A rat model of carotid arterial balloon angioplasty was established to evaluate the inhibitory effect of CCEs on
neointimal hyperplasia. Two cell lines, A10 vascular smooth muscle cells (VSMCs) and RAW264.7 macrophages, were used to
investigate the potential regulatory activities and pharmacological mechanisms of CCEs in cell proliferation and migration and in
inflammation. Our in vitro results indicated that CCE3, the ethanolic extract of C. chinense, exerted the strongest growth inhibitory
and antimigratory effects on VSMCs. CCE3 blocked the activation of focal adhesion kinase, platelet-derived growth factor receptor-β
(PDGFRB), and its downstreammolecules (AKTandmTOR) and reduced the expression of matrix metalloproteinase-2. In addition,
our findings revealed that CCE3 significantly increased the expression of miRNA-132, an inhibitory regulator of inflammation and
restenosis, and suppressed the expression of inflammation-related molecules (inducible nitric oxide synthase, cyclooxygenase-2,
interleukin- (IL-) 1β, and IL-6). Our in vivo study results indicated that balloon injury-induced neointimal hyperplasia was inhibited
by CCE3. CCE3 could reduce neointima formation in balloon-injured arteries, and this effectmay be partially attributed to the CCE3-
induced suppression of PDGFRB-mediated downstream pathways and inflammation-related molecules.

1. Introduction

Percutaneous coronary intervention is a common surgical
procedure used to reopen an acute arterial obstruction by
inserting a balloon catheter in occlusive sites, followed by
intraluminal inflation. However, subsequent restenosis (or
neointimal hyperplasia) was observed to develop in ap-
proximately 20–50% of patients receiving balloon angio-
plasty or vascular stent implantation [1, 2]. Abnormal
proliferation and migration of vascular smooth muscle cells

(VSMCs) have been verified to play key pathological roles in
the progression of neointimal hyperplasia; thus, VSMCs
have become a potential therapeutic target for restenosis
induced by vascular drug-eluting stents [3, 4].

Some regulatory factors, such as platelet-derived growth
factor (PDGF) and inflammation, play crucial pathological
roles in VSMCs during neointima formation. PDGF directly
regulates and promotes the proliferation and migration of
VSMCs through PDGF receptors (PDGFRs), especially
PDGFR-β (PDGFRB), and stimulates neointima thickening
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[5–7]. Blocking PDGF by using neutralizing antibodies or
receptor blockers could effectively reduce neointima for-
mation in animal models [8–10]. In addition, PDGF can
upregulate the expression of monocyte chemoattractant
protein-1 (MCP-1) to recruit macrophages and monocytes
to injured tissues for participation in local inflammation
[11, 12]. Moreover, inflammatory cytokines, such as inter-
leukin-1β (IL-1β) and IL-6, released from recruited
immunocytes can exacerbate VSMC proliferation and mi-
gration and neointimal hyperplasia [13, 14], and therapeutic
interventions that involve the suppression of inflammation
can alleviate neointima formation [15, 16]. 'e aforemen-
tioned studies have provided evidence for the pathological
roles of PDGF and inflammation in the progression of
restenosis and have indicated the complex relationship
between restenosis and these pathological factors.

Natural-derived products have been comprehensively
used in the discovery of new drugs. Crossostephium chinense
(also called Hai-Fu-Rung) is a Chinese herbal medicine that
is traditionally used to manage arthritis and rheumatism
[17]. C. chinense extract (CCE) has beneficial effects; for
example, it inhibits the growth and migration of human
cancer cells [4, 18, 19] and reduces inflammation [4, 20],
suggesting that CCE can be used to prevent neointima
formation. 'e present study evaluated whether CCE can
inhibit balloon angioplasty-induced neointimal formation
and elucidated the possible pharmacological mechanisms
underlying how CCE regulates VSMCs.

2. Materials and Methods

2.1. Chemicals and Reagents. Primary antibodies against
focal adhesion kinase (FAK; #3285s), phospho-FAK
(#8556s), and the mechanistic target of rapamycin (mTOR;
#2972s) were purchased from Cell Signaling Technology
(Beverly, MA, USA). Primary antibodies against AKT
(#GTX121937), phospho-AKT (#ab28821), PDGFRB
(#GTX61115), and phospho-PDGFRB (#GTX61797) were
purchased from GeneTex (Irvine, CA, USA). Primary an-
tibodies against cyclooxygenase-2 (COX-2; #160126), in-
ducible nitric oxide synthase (iNOS; #610432),
glyceraldehyde 3-phosphate dehydrogenase (GAPDH;
#NB300-221), and phospho-mTOR (#ab109268) were pur-
chased from Cayman Chemical (Ann Arbor, MI, USA), BD
Transduction Laboratories (Lexington, KY, USA), Novus
Biologicals (Centennial, CO, USA), and Abcam (Cambridge,
MA, USA), respectively. Horseradish peroxidase- (HRP-)
conjugated secondary antibodies against mouse
(#GTX213112-01) and rabbit (#GTX213110-01) immuno-
globulin G were also purchased from GeneTex. All other
reagents that are not listed were purchased from Sigma-
Aldrich (Louis, MO, USA).

2.2. Preparation of CCE. C. chinense was harvested from
Matsu islands in Lienchiang County, Taiwan. 'e plant’s
leaves and stems were collected, cut into pieces, and steam
distilled to obtain an aqueous solution. 'e aqueous portion
was freeze-dried to obtain the initial water extract (CCE1).

Subsequently, the residue was sequentially refluxed using
n-hexane and ethanol for 8 h to obtain the second extract
(CCE2) and third extract (CCE3). 'e organic solvent ex-
tracts were concentrated under reduced pressure at 60°C.

2.3. High-Performance Liquid Chromatography.
High-performance liquid chromatography (HPLC) was
performed following the procedure reported in our previous
study with a minor modification [21]. In brief, the CCEs
were dissolved in HPLC-grademethanol and passed through
a 0.2-μm filter; then, 20 μL of the solution was loaded into an
HPLC column. Reverse-phase HPLC was run using an
Inertsil ODS-3V C18 HPLC-cartridge (5 μm particle size,
250× 4.6mm; GL Sciences, Tokyo, Japan) at a flow rate of
1.0mL/min at 25°C; a detection wavelength of 220 nm was
used. Two mobile phases, namely, methanol and 0.1%
phosphoric acid aqueous solution, were mixed in the pro-
grammed ratio during the chromatographic run to effec-
tively separate the components of the CCEs. 'e methanol
content within the mobile phase mixture was set to 5%, 70%,
85%, and 5% at 0, 30, 40, and 55–60min, respectively, after
sample injection.

2.4. Cell Culture. A10 cells (#60127), which were VSMCs
derived from the rat thoracic aorta, were obtained from the
Bioresource Collection and Research Center (BCRC;
Hsinchu, Taiwan). In addition, RAW264.7 cells (#60001),
mouse BALB/c macrophages, were purchased from BCRC.
All cells were cultured in Dulbecco’s modified Eagle’s me-
dium (DMEM) that contained 10% fetal bovine serum
(FBS), 1.5 g/L sodium bicarbonate, 4mML-glutamine, 4.5 g/
L D-glucose, 100 U/L penicillin, and 100mg/L streptomycin.
In the culture medium of A10 cells, 1mM sodium pyruvate
was added. 'e cells were maintained at 37 °C in a hu-
midified 5% CO2 incubator. 'e culture medium was
refreshed every 2 days, and the cells were passaged 2-3 times
weekly.

2.5.CellViabilityAnalysis. 'e cells seeded on 96-well plates
(8×103 cells/well) were treated with CCEs for 24 h. Sub-
sequently, the culture medium was replaced with fresh
medium containing 0.5mg/mLmethylthialazole tetrazolium
(MTT). After an additional 2 h of incubation, the medium
was removed, and 100 μL of dimethyl sulfoxide (DMSO) was
added to dissolve formazan crystals. Cell viability was
assessed by measuring the absorbance at 570 nm with a
reference wavelength of 660 nm.'e absorbance value of the
control group (10% FBS alone) was defined as 100%.

2.6.CellMigrationAnalysis (TranswellAssay). Cell migration
was analyzed using 'inCert cell culture inserts (#662638;
Greiner Bio-One, Monroe, NC, USA). In brief, A10 cells
seeded on the inner surface of the inserts (1× 106 cells/insert)
mounted on a 24-well plate were treated with several con-
centrations of the CCEs under a serum-free (SF) condition,
and the outside of the inserts was filled with normal culture
medium. After 24 h of incubation, the inserts were removed
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from the culture plate, washed twice by using ice-cold
1× phosphate-buffered saline, and then immersed in 10%
formalin to fix the cells attached on the inserts. Subsequently,
the cells located on the inner surface of the inserts were gently
removed using a cotton swab.'ereafter, the cells attached on
the lower surface of the inserts were stained with hematoxylin,
and images were acquired using a Nikon Eclipse TS100
inverted microscope (Tokyo, Japan) equipped with a digital
camera (#E3ISPM06300KPA, ToupTek Photonics, Hangzhou,
Zhejiang, China). Cell numbers of each image were counted
and averaged from five random fields. 'e degree of cell
migration was calculated as the relative cell number to the
group treated with 10% FBS alone.

2.7. Immunoblotting. Immunoblotting was performed fol-
lowing the procedure reported in our previous study with a
minor modification [22]. In brief, harvested cells were lysed
using the PRO-PREP Protein Extraction Solution with
proteinase inhibitor cocktail (#4693159001, cOmplete,
Roche) and phosphatase inhibitor cocktail (#04906837001,
PhosSTOP, Roche). 'e cell lysates were centrifuged at
13000xg at 4°C for 10min to collect supernatants. 'e
protein concentrations of samples were measured using a
BioRad protein assay kit (BioRad, Hercules, CA, USA), and a
standard curve was developed using serial dilutions of bo-
vine serum albumin. Subsequently, protein samples were
electrophoresed using 10% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis and transferred onto poly-
vinylidene difluoride (PVDF) membranes (Immun-bot,
BioRad). 'e blotted PVDFmembrane was blocked with 5%
nonfat dry milk in Tris-base saline containing 0.1% Tween 20
for 1 h, probed with a suitable primary antibody overnight at
4°C and incubated with the secondary antibody for 1 h at
room temperature. Chemiluminescent signals were devel-
oped using a WesternBright ECL kit (#K-12045-D50,
Advansta, Menlo Park, CA, USA) and then acquired using
the Azure C300 imaging system (Azure Biosystem, Dublin,
CA, USA). 'e band intensity was quantified using densi-
tometric analysis software (AzureSpot version 14.0; Azure
Biosystems) and then normalized to that of the internal
control (GAPDH). Finally, the protein expression was cal-
culated as the relative percentage to the group treated with
10% FBS alone.

2.8. Reverse Transcription-Polymerase Chain Reaction.
Reverse transcription-polymerase chain reaction (PCR) was
performed according to the procedure reported in a previous
study with a minor modification. In brief, total RNA was
extracted and then reverse transcribed into complementary
(c) DNA by using 3-Zol reagent and a ReverTra Ace Set
(#PU-TRT-200; TOYOBO, Osaka, Japan), respectively,
according to the manufacturer’s method prescribed in the
manual. PCR reactions were conducted using the OnePCR
HotStar system (#SM206-0100; GeneDireX, Miaoli, Taiwan)
in a thermocycler (Labcycler; SensoQuest, Gottingen, Ger-
many). 'e sequences of primer pairs were as follows:
GAPDH (forward: 5′-ATCAAGAAGGTGGTGAAGCA-
GGCG-3′ and reverse: 5′-GGGATGGAATTGTGAGGGAG-

ATGCT C-3′), IL-1β (forward: 5′-TGCCACCTTTTGACA-
GTG ATG-3′ and reverse: 5′-AAGGTCCACGGGAAAGA-
CAC-3′), IL-6 (forward: 5′-GCCTTCTTGGGA CTGATG-
CT-3′ and reverse: 5′-CTGCAAGTGCATCATCGTTGT-3′),
and microRNA (miRNA)-132 (forward: 5′-GCAACCG-
TGGCTT TCGAT T-3′ and reverse: 5′-CGACCATGGC-
TGTAGACTGTTA-3′). PCR amplicons were verified on a 2%
(w/v) agarose gel and visualized using a fluorescent dye (Novel
Juice; GeneDireX, Taichung, Taiwan). Band signals were ac-
quired and quantified using the Azure C300 imaging system
and in AzureSpot software (Azure Biosystems), respectively.
'e band intensities of detected genes were normalized to that
of the internal control (GAPDH). Finally, the gene expression
was determined as the relative percentage to the group treated
with 10% FBS alone.

2.9. AnimalModel of BalloonAngioplasty. A total of 34 male
Sprague-Dawley rats (weighing 250–300 g) purchased from
BioLASCO (Taipei, Taiwan) were housed in a 12-h light/
dark cycle and fed ad libitum in the Laboratory Animal
Center of Taipei Medical University (TMU). 'e animal
protocol was approved (#LAC-2017-0367) by the Institu-
tional Animal Care and Use Committee and performed
according to the institutional animal ethical guidelines of
TMU. Rats were randomly divided into four groups as
follows: group 1, sham control (normal control, NC); group
2, balloon injury (BI) + vehicle; group 3, BI + 8 μg/mL CCE3;
and group 4, BI + 16 μg/mL CCE3. Different doses of CCE3
or vehicle were dissolved in 30% (w/v) Pluronic F-127 gels, a
hydrogel-based polymer and drug carrier used for releasing
the drug slowly. Neointimal hyperplasia was induced by an
arterial embolectomy catheter (2 F× 80 cm; Biosensors In-
ternational Technology, Singapore) in the left common
carotid artery. Briefly, the animals were anesthetized by
administering an intraperitoneal injection of 20mg/kg
Zoletil 50 (Virbac; Carros, France) and 5mg/kg Rompun
(Bayer; Mississauga, ON, Canada). Subsequently, an arterial
embolectomy catheter was inserted into the left common
carotid artery from an incision made in the external carotid
artery. 'e catheter balloon was inflated under pressure
(1.3 kg/cm2) and then pushed and pulled through the vas-
cular lumen three times to damage the arterial wall. After
sealing the incision made in the external carotid artery, the
Pluronic F-127 gel containing CCE3 was directly applied on
the outside of the common carotid artery damaged by
balloon inflation and subsequent tissue suturing. Two weeks
later, the rats were sacrificed, and their left carotid common
arteries were harvested and cut into 10 μm frozen sections by
using a cryostat. 'e frozen sections were further stained
with hematoxylin and eosin to observe the histopathological
changes. 'e areas of vascular neointima and media layers
were measured using an image analysis software, ImageJ
(NIH, Bethesda, MD, USA). 'e ratio of the neointima-to-
media area (N/M ratio) was used as a severity index of
neointimal hyperplasia (restenosis).

2.10. Statistical Analysis. All variables are presented as their
mean± standard deviation. Differences among multiple
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groups were determined using one-way analysis of variance
in combination with Dunnett’s test. An unpaired t-test was
performed to compare two independent groups. A P value of
<0.05 was considered statistically significant.

3. Results

3.1. Total Extraction Yields and HPLC Analysis of CCEs.
A total of 342 g of leaves and stems collected from
C. chinense were used to prepare different CCEs. 'ree
extracts (CC1, CC2, and CC3) of C. chinense were se-
quentially obtained using water, hexane, and ethanol ex-
tractions, respectively. 'e dry weights and total extraction
yields of CCE1, CCE2, and CCE2 were 14.76 g (4.32%),
2.13 g (0.62%), and 20.44 g (5.98%), respectively. In addition,
we developed the HPLC fingerprinting profiles of different
CCEs to be used as references for monitoring the quality and
batch reproducibility of the extraction procedure of each
sample (Figure 1). On the basis of HPLC conditions used in
the present study, CCE1 and CCE3 were found to have
higher diversity and abundance in terms of their ingredients.
Moreover, our analysis results verified that water and
ethanolic extracts, namely, CCE1 and CCE3, respectively,
had more polar compounds eluted rapidly at the early stage
of separation, and ingredients with lower polarity were
observed in the hexane extract CCE2.

3.2. CCE Inhibited Cell Viability and Migration in VSMCs.
To determine the CCEwith the strongest potential to suppress
VSMC viability, we examined the cytotoxicity of CCE1,
CCE2, and CCE3 by using the MTT assay (Figure 2(a)). 'e
results indicated that CCE3 exhibited the strongest activity
(half maximal inhibitory concentration� 8 μg/mL) for
inhibiting 10% FBS-stimulated cell proliferation, and CCE1
and CCE2 exerted no significant effects on growth inhibition
at the tested concentrations. Because growth suppression is a
key effect of a candidate drug used for preventing neointimal
formation, only CCE3 was selected for use in subsequent
experiments.

To evaluate the antimigration effects of CCE3, the in-
hibitory effects of various doses (2 and 4 μg/mL) of CCE3 on
VSMC migration were determined using a transwell assay.
'e results revealed that 10% FBS markedly stimulated
VSMC migration, a phenomenon that could be significantly
inhibited after CCE3 treatment at a concentration of 4 μg/
mL (Figure 2(b)).

3.3. Regulation of Growth or Migration-Related Molecules in
VSMCs by CCE3. To elucidate the possible regulatory
mechanisms underlying the role of CCE3 in VSMC pro-
liferation and migration, we analyzed the activation or ex-
pression levels of several critical proteins through Western
blotting. 'e experimental results indicated that CCE3
rapidly reduced the phosphorylated levels of PDGFRB and
its downstream molecules (AKT and mTOR) in a dose-
dependent manner (Figure 3(a)). Similarly, the activation of
FAKwas also suppressed after CCE3 treatment. After 24 h of

incubation, the matrix metalloproteinase-2 (MMP2) protein
was downregulated after CCE3 treatment (Figure 3(b)).

3.4. Regulation of Inflammation-Related Molecules in Mac-
rophages and VSMCs by CCE3. To evaluate whether CCE3
exerts anti-inflammatory effects, we induced several in-
flammation-associated molecules, namely, iNOS, COX-2,
IL-1β, and IL-6, in RAW264.7 macrophages through
stimulation with lipopolysaccharides (LPS; Figure 4). Our
results demonstrated that LPS addition largely increased the
translational levels of iNOS and COX-2 and that these levels
were markedly inhibited after CCE3 treatment (Figure 4(a)).
Similarly, LPS-stimulated increases in inflammatory cyto-
kines, namely, IL-1β and IL-6, and significantly decreased in
macrophages treated with CCE3 (Figure 4(b)). Moreover,
our study results showed that the expression level of an anti-
inflammation-related miRNA, miR-132, was significantly
increased in VSMCs treated with CCE3 (Figure 4(c)).

3.5. CCE3 Inhibited BI-Induced Neointimal Formation. To
examine whether CCE3 can prevent neointima formation, a
rat carotid injury model was established to induce neo-
intimal hyperplasia (Figure 5). Two weeks after surgery, the
injured carotid arteries were harvested, cut as frozen sec-
tions, and then stained with hematoxylin and eosin to ob-
serve histopathological changes in the different layers of the
arterial wall (Figure 5(a)). 'e severity of (neo) intimal
hyperplasia was determined by calculating the ratio of the
neointima-to-media area (N/M ratio), and our findings
indicated that the N/M ratio was increased in the BI group
than in the sham (normal) control group (Figure 5(b)). By
contrast, the N/M ratio of the BI group treated with CCE3
was markedly decreased when compared with that of the BI
group.

4. Discussion

PDGF, a dimeric molecule, is classified into three isoforms
(PDGF-AA, PDGF-AB, and PDGF-BB) based on the dif-
ferent assemblies of two polypeptide chains (A and B
chains). PDGF plays critical pathological roles by regulating
VSMCs and is involved in the progression of neointimal
hyperplasia. Among the three isoforms, PDGF-BB exhibited
the highest potential to stimulate VSMC growth [23].
PDGF-B and PDGFRB were found to be increased in injured
arteries after percutaneous transluminal coronary angio-
plasty [24]. 'e PI3K-AKT-mTOR pathway, a crucial
downstream cascade of PDGFRs, participated in PDGF-
mediated physiological and pathological regulation [25, 26].
Inhibiting PDGFRs or targeting the PI3K-AKT pathway
could alleviate excessive neointimal hyperplasia [27, 28].
MMP2, a gelatinase that can digest the extracellular matrix,
was increased in the balloon-injured arteries of the hyper-
cholesterolemic rabbit [29], and neutralizing MMP2 activity
could inhibit VSMC migration [30]. Seo et al. indicated that
MMP2 production can be increased in VSMCs through
PDGFRB-mediated AKT activation [31]. In addition to
MMP2, FAK is a molecule involved in regulating cell
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Figure 2: Inhibitory effects of CCE3 on VSMC growth and migration. Cell viability (a) and cell migration (b) were analyzed using MTTand
transwell assays, respectively, in A10 cells treated with several concentrations of CCE3. ∗P< 0.05 and ∗ ∗P< 0.01 compared with the control
group (10% FBS alone group).
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Figure 1: HPLC fingerprinting profiles of three different CCEs. (a) CCE1. (b) CCE2. (c) CCE3.
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Figure 4: Regulation of LPS-induced inflammatory molecules by CCE3. RAW264.7 cells were incubated with several concentrations (2, 4,
and 8 μg/mL) of CCE3 in the presence of 20 ng/mL LPS to examine the expression levels of LPS-stimulated inflammatory enzymes at
translation levels (a) and that of cytokines at transcriptional levels (b). 'e expression level of miRNA-132 was analyzed in A10 cells after
24 h of treatment with CCE3 (c). ∗P< 0.05 and ∗ ∗P< 0.01 relative to the group treated with LPS alone. †P< 0.05 relative to the control
group (10% FBS alone).
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migration, and suppressing FAK can inhibit glucose-in-
duced VSMCmigration [32]. In the present study, we found
that CCE3 reduced the activations of FAK and PDGFRB and
attenuated the PDGFRB-mediated downstream PI3K-AKT-
mTOR signaling pathway in VSMCs (Figure 3(a)). In ad-
dition, the expression of MMP2 was suppressed after CCE3
treatment (Figure 3(b)).

Gelatinases (MMP2 and MMP9) are secreting proteases
that can digest the extracellular matrix (gelatin). 'e ab-
normal expression and activation of gelatinases have been
linked to various pathological conditions such as athero-
sclerosis, tumor metastasis, and chronic obstructive pul-
monary disease. In a balloon-injured rat carotid artery
model, both gelatinases were found to be increased and
activated in neointima lesions [33, 34], and either silencing
MMP2 or MMP9 could effectively inhibit endovascular
injury-induced neointimal growth [35]. 'e partial inhibi-
tory mechanisms underlying the prevention of neointimal
formation may be attributed to the gelatinase deficiency-
caused reduction in the invasion, migration, and prolifer-
ation of VSMCs [36, 37]. In addition, the use of a drug-
eluting stent coated with a broad-spectrum MMP inhibitor
(GM6001) could prevent the development of restenosis [38].
'e aforementioned findings imply that suppressing MMP

expression or activity can be an effective strategy for pre-
venting neointimal formation. 'e decrease in the transla-
tional level of MMP2 observed in the present study might
contribute to the inhibitory effect of CCE3 on neointimal
formation (Figure 3(b)).

'e extracellular matrix (ECM) provides structural and
biochemical support for resident cells and regulates many
cellular functions such as proliferation, migration, adhesion,
and differentiation. ECM remodeling not only plays a critical
role in physiological processes, such as wound healing, but
also participates in several pathological conditions, such as
tumor metastasis and tissue fibrosis. Collagen and elastin,
two major ECM components present within the vessel wall,
maintain the structural integrity and elasticity of the vascular
wall. 'us, alterations in the expression levels or ratios of
these matrix proteins can lead to the occurrence of vascular
remodeling. In the rat carotid artery BI model, a histo-
pathological analysis showed that the synthesis and content
of collagen and elastin were significantly increased in
neointimal lesions [39, 40]. Nuthakki et al. found that lysyl
oxidase, an enzyme involved in the cross-linking and sta-
bilization of collagen and elastin in the vascular wall, was
increased within the injured carotid arteries [41]. 'e in-
crease in the contents of collagen and elastin in injured
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Figure 5: Preventive effect of CCE3 on balloon-induced neointima formation. Artery cross-sections were cut using a cryostat and stained
with hematoxylin and eosin to examine histopathological changes in arteries by using a microscope at 100-fold (upper panel) and 200-fold
magnification (lower panel), respectively (a). L, lumen; N, neointima; M, media. Severity of neointimal hyperplasia was quantified by
determining the ratio of the neointima-to-media area (N/M ratio) (b). ∗ ∗P< 0.01 compared with the BI group.
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carotid arteries might be attributed to the increase in lysyl
oxidase within these arteries [39, 40].

PDGF can induce COX-2 expression in VSMCs, and
this effect can be suppressed by a PDGFR blocker [42].
COX-2 is an enzyme involved in prostaglandin biosyn-
thesis and is a common target of nonsteroidal anti-in-
flammatory drugs, a type of anti-inflammatory and
analgesic drug. COX-2-derived prostaglandin E2 facilitated
the development of neointimal hyperplasia, and COX-2
knockout mice exhibited protection against wire injury-
induced neointima formation [43]. In addition to COX-2,
iNOS is a potential target induced by PDGF [44]. Nitric
oxide (NO) is involved in critical physiological functions,
such as in the vascular tone and immune response of
phagocytes. However, NO is a free radical that might
damage crucial biological components such as protein and
DNA.'us, excessive NO production induced by iNOS can
damage tissues by generating oxidative stress, resulting in
diseases. An in vivo study demonstrated that the knock-
down of iNOS could attenuate neointima formation after
perivascular arterial injury [45]. In the present study, two
inflammation-associated enzymes, namely, iNOS and
COX-2 were found to be decreased in VSMCs after CCE3
treatment (Figure 4(a)).

Several inflammatory cytokines, such as IL-1β and IL-6,
cause the accumulation of leukocytes and inflammatory
cells, modulate the proliferation of VSMCs, and are involved
in formation of neointimal hyperplasia. An animal study
suggested that the knockdown of IL-1 receptor (IL-1R) or
the use of IL-1R antagonists could significantly reduce the
N/M ratio in balloon-injured arteries [46]. In addition, IL-1β
participates in the progression of restenosis by promoting
MCP-1 expression in VSMCs [47]. IL-6 was upregulated by
PDGF stimulation in VSMCs [48]. IL-6 can result in neo-
intima formation by mobilizing bone marrow-derived cells
to the vascular wall [49]. Furthermore, IL-6 can participate
in VSMC migration and neointima formation induced by
15(S)-hydroxyeicosatetraenoic acid, a metabolite of ara-
chidonic acid [50]. Our findings indicated that the tran-
scriptional levels of IL-1β and IL-6 were decreased in
VSMCs treated with CCE3 (Figure 4(b)).

MicroRNAs (miRNA) are noncoding RNAs that regu-
late posttranscriptional gene expression to alter the cellular
functions of differentiation, proliferation, and apoptosis. In a
previous study, miRNA-132 was found to inhibit VSMC
hyperplasia and intima hypertrophy by suppressing the gene
expression of leucine-rich repeat flightless-interacting pro-
tein 1 (Lrrfip1) [51]. In addition, a study reported the po-
tential anti-inflammatory function of miRNA-132 in
macrophages [52]. MiRNA-132 can directly target or in-
directly modulate inflammation-associated molecules, such
as COX-2, IL-1β, and IL-6, by suppressing the expression of
p300 protein, thus reducing the expression of these mole-
cules [53, 54]. In the present study, miRNA-132 was found to
be significantly increased after CCE3 treatment.'e effect of
miRNA-132 might contribute to the prevention of inflam-
mation and neointima formation (Figure 4(c)).

Chang et al. indicated that compared with methanolic
extract, the aqueous extract of C. chinense exhibited a
stronger antiproliferative activity in human HepG2 cells [4].
In our study, we observed that CCE3, an alcoholic extract,
significantly suppressed VSMC growth compared with the
aqueous extract (CCE1). 'e differences between the find-
ings of our study and those of previous studies may be due to
the following reasons. First, CCE3 was obtained from the
residue left after sequential extractions through the use of
aqueous and n-hexane; thus, the chemical compositions of
ethanolic extracts may vary between our study and previous
studies. Second, different types (normal vs. malignant cells
and hepatocytes vs. VSMCs) of cells may have diverse
susceptibility to the same treatment. 'ird, extracts from
different plant parts (e.g., leaf, stem, root, flower, or whole
plant) may have different chemical constituents and activ-
ities. In addition to crude extracts, numerous compounds of
C. chinense were found to exhibit various biological effects
including antiproliferation, antimigration, anti-inflamma-
tion, and antithrombosis. Hispidulin, taraxerol, and tarax-
erol acetate can suppress the cell growth of human cancer
cells through various pharmacological mechanisms in-
cluding cell-cycle arrest, apoptosis, and autophagy
[18, 19, 55]. Similarly, betulin, lupeol, and oleanolic acid
have demonstrated cytotoxicity against cancer cells [56–58].
Among these compounds, taraxerol acetate was found to
exhibit antimigration activity. Scopoletin and taraxerol ac-
etate suppressed inflammation in λ-carrageenan-stimulated
paw edema, and these effects may be partially attributed to
decreases in iNOS and COX-2 expression in the edema paw
and to the reduction in the serum levels of nitric oxide,
tumor necrosis factor-α, and prostaglandin E2 [59, 60]. In
addition, hispidulin exhibited the anti-inflammatory activity
by reducing NF-κb-dependent transcription in a 12-O-tet-
radecanoylphorbol-13-acetate-induced mouse ear edema
model [61] and exerted an inhibitory effect, thus preventing
platelet aggregation by increasing the cAMP level [62].
Bioactivities of the aforementioned compounds provide
some clues to partially explain the preventive activity of
CCE3 that operates by suppressing inflammation, VSMC
proliferation and migration, and subsequent neointima
formation (Figures 2 and 5).

'e abnormal expression profiles of some molecules,
such as cathepsins, play pathological roles in the develop-
ment of cardiovascular diseases such as atherosclerosis and
restenosis. Cathepsins are a group of lysosomal cysteine
proteases involved in various physiological processes such as
apoptosis, antigen processing, and extracellular matrix
remodeling. A previous study showed that both cathepsin S
and K were upregulated in the neointima lesions of rat
balloon-injured arteries, thus contributing to pathological
arterial remodeling [63]. Similarly, suppressing cathepsin K
attenuated flow cessation-induced intimal hyperplasia in
ApoE−/− mice [64]. 'us, pharmacological interventions
targeting cathepsin S or cathepsin K may be a possible
strategy for the treatment of injury-related vascular
remodeling and neointimal hyperplasia.
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5. Conclusions

Our study findings suggest that CCE3, the ethanolic extract
of C. chinense, could inhibit VMSC proliferation and mi-
gration and prevent neointima formation. CCE3may exhibit
these biological activities by suppressing the activation of the
PDGFRB-mediated PI3K-AKT-mTOR pathway, inhibiting
the expression of inflammation-associated molecules,
namely, iNOS, COX-2, IL-1β, and IL-6, increasing the level
of anti-inflammatory and antirestenosis-related miRNA,
miR-132, and reducing the expression of cell migration-
associated molecules, FAK and MMP2 (Figure 6).
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