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Abstract: Krippel-like factor 5 (KLF5) plays an essential role in the regulation of vascular smooth muscle cell pro-
liferation and migration. In the present study, a post-translational mechanism of miR-320 in TNF-a-induced pro-
liferation and migration of HCASMCs by targeting KLF5 was investigated. The results indicated that TNF-a could
accelerate the proliferation and migration of HCASMCs. Overexpressed miR-320 could suppress the proliferation
and migration of HCASMCs in the absence and presence of TNF-a. Moreover, bioinformatic analysis showed the
potential miR-320 binding sites within the 3’-UTR of KLF5. KLF5 as a direct target of miR-320 was involved in
TNFa-induced proliferation and migration of HCASMCs. KLF5 knockout could reverse the increased proliferation
and migration in HCASMCs induced by miR-320 loss-of-function and TNF-a treatment. In conclusion, overexpressed
miR-320 was verified to protect against TNF-a-induced proliferation and migration of HCASMCs, and the underlying
mechanism was mediated, at least partially, by inhibiting KLF5 expression.
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Introduction

Vascular smooth muscle cells (VSMCs) are the
major constituents of the vasculature and are
crucial to maintain an appropriate blood pres-
sure and flow distribution [1]. However, VSMCs
exhibit marked differences in migration and
proliferation rate suffering from vascular injury
[2]. Abnormal proliferation of coronary artery
smooth muscle cells (CASMCs) has been linked
to coronary artery disease (CAD) [3]. Human
CASMCs (HCASMCs) phenotypic changes rang-
ing from differentiated (contractile) to a dedif-
ferentiated (synthetic, noncontractile) are inv-
olved in vascular remodeling, restenosis and
atherosclerosis [4]. In the vascular media of
healthy arteries, HCASMCs exhibit a non-prolif-
erative contractile phenotype; however, growth
factors promote transdifferentiation of HCAS-
MCs, which is thought to cause carotid artery
injuries [5]. However, the underlying mecha-
nisms of HCASMCs proliferation and migration
in carotid artery diseases have not been clearly
delineated.

Krippel-like factor 5 (KLF5) is characterized by
a highly conserved interfinger space sequence
and has been identified in mammalian [6]. It is
generally known that KLF5 regulates a wide
variety of cellular functions such as growth,
angiogenesis and proliferation [7, 8]. A growing
body of evidence suggests that KLF5 is associ-
ated with vascular remodeling [9, 10]. In human
pulmonary arterial hypertension, KLF5 contrib-
utes to pulmonary artery smooth muscle cell
proliferation and resistance to apoptosis [11].
Moreover, KLF5 expression is up-regulated in
angiotensin Il (Ang Il)-induced cell proliferation
in rat vascular smooth muscle cells [12]. Sile-
ncing of KLF5 suppresses TNFa-induced phe-
notypic conversion of VSMCs; conversely, over-
expressed KLF5 stimulates phenotypic conver-
sion of VSMCs [13]. Interestingly, KLF5 can be
regulated by oxidative stress stimuli, such as
endothelin-1 (ET-1), H,0, and inflammatory cyto-
Kines, including TNFa and IL-1( [14].

Recently, post-translational mechanisms of
microRNAs (miRs) by regulating target genes
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are involved in phenotypic changes of VSMCs
within the vascular lesions [13, 15]. Recent
study indicates that miR-328 targeting PIM-1
inhibits proliferation and migration of pulmo-
nary arterial smooth muscle cells [16]. Xie et al
have been found that miR-599 suppresses
VSMCs proliferation and migration by targeting
TGFB2 [17]. miR-145, as a novel smooth mus-
cle cell phenotypic marker and modulator, con-
trols vascular neointimal lesion formation [18].
In the present study, we had found that miR-
320 was the most abundant miR in HCASMCs.
However, the post-translational mechanisms of
miR-320 in TNFoa-treated HVSMCs were com-
pletely unknown. Therefore, we hypothesized
that UA could improve TNFa-induced prolifera-
tion and migration in HCASMCs by targeting
KLF5.

Materials and methods
Cell culture

Primary human coronary artery smooth muscle
cells (HCASMCs) were commercially obtained
(Frederick, MD, USA). HCASMCs were cultured
in Dulbecco’s modified Eagle’s medium (DMEM,
Gibco Life Technologies) that contained 10%
fetal calf serum (Gibco Life Technologies), 10%
L-glutamine, 0.5% penicillin/streptomycin, 10%
nonessential amino acids and 10% pyruvate, in
a 5% CO, atmosphere and incubated at 37°C.

Cell viability detection by MTT

HCASMCs proliferation were monitored by a
3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetra-
zolium bromide (MTT) Cell Proliferation/Viability
Assay kit (R&D SYSTEMS) in according to the
guidelines.

Wound healing assay

HCASMCs were trypsinized and counted. 1 x
10° cells were reseeded in each well of a new
6-well plate. With incubation overnight, the con-
fluent cells monolayers were scratched with a
10 L sterile pipette tip. Then the non-adherent
cells were washed off with sterilized PBS and
serum-free medium was added into the wells.
The gap area caused by the scratch was moni-
tored by the inverted microscope (Olympus,
Japan).

Luciferase reporter gene activity assay

The 3’-UTR of KLF5 containing the predicated
target sites for miR-320 was obtained by PCR
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amplification. The fragment was inserted into
the multiple cloning sites in the pMIR-REPORT
luciferase microRNA expression reporter vector
(Ambion, Austin, USA). Cells were co-transfect-
ed with 0.1 ug of luciferase reporters contain-
ing KLF5 3’-UTR and miR-320 mimics by Lipo-
fectamine2000 (Invitrogen, CA, USA). The cells
were harvested after 48 h transfection, and
luciferase activity was performed according to
manufacturer’s instruction.

Mimics and inhibitor of miR-320

The FAM modified 2’-OMe-oligonucleotides we-
re chemically synthesized and purified by high-
performance liquid chromatography (GenePha-
rma, Shanghai, China). The 2-OMe-miR-320
mimics were composed of RNA duplexes with
the following sequence: 5-AAAAGCUGGGUU-
GAGAGGGCGA-3'. The sequences of 2-OMe-
miR-320 inhibitor as follows: 5-UCGCCCUCUC-
AACCCAGCUUUU-3'. The 2’-Ome-scramble oli-
gonucleotides of miR-320 as follows: 5-CUG-
GCAUUGCGGCUAAGGUGCA-3'. Cells were trans-
fected using Lipofectamine2000 (Invitrogen,
CA, USA) at a final concentration of 200 nM.

Lentiviral knockdown of KLF5

Control shRNA and specific sh-RNAs targeting
KLF5 were purchased from Invitrogen, and the
corresponding sequences were cloned into the
pSIREN-RetroQ plasmid (Addgene) for retrovi-
rus production with 293T cells. The targeting
sequences as following: 5-CCGGTAAGCTCAC-
CTGAGGACTCATACTCGAGTATGAGT CCTCAGGT-
GAGCTTTTTTTG-3'. After 48 hours, infected
cells were selected for with puromycin (2 mg/
ml). Then the clones were picked and cultured
for further experiment.

Real time-polymerase chain reaction

RNA extraction was performed according to the
TRIzol manufacturer’s protocol (Invitrogen, Ca-
rlsbad, CA, USA). Synthesis of cDNAs was per-
formed by reverse transcription reactions with
4 ug of total RNA using Maloney murine leuke-
mia virus reverse transcriptase (Invitrogen) with
oligo dT (15) primers (Fermentas) as described
by the manufacturer. MiR-320 level was quanti-
fied by the mirVana gRT-PCR miRNA detection
kit (Ambion, Austin, USA) in conjunction with
real-time PCR with SYBR Green. After circle
reaction, the threshold cycle (Ct) was deter-
mined and relative miR-320 level was calculat-
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Figure 1. TNF-a promoted the proliferation and migration of HCASMCs. HCASMCs proliferation assessed by MTT
assay when HCASMCs were incubated with TNF-a in different concentration for 24 h (A). The cell viability was mea-
sured by MTT assay when HCASMCs were incubated with TNF-a (20 ng/ml) in different time points (B). HCASMCs
migration was determined after 24 h of PDGFBB treatment in different concentration by wound-healing assay (C).
HCASMCs migration was determined in different time points in the present of TNF-& (20 ng/ml) (D). Values were
expressed as mean + SD, n = 3 in each group. "P < 0.05, P < 0.01, "*P < 0.001 versus control group.

ed based on the Ct values and normalized to
UG level in each sample.

Western blotting

Cells were lysed in NP-40 buffer (Beyotime
Institute of Biotechnology, Haimen, China). Fo-
llowing 5-10 min boiling, homogenate were
centrifuged at x10000 g, 4°C for 10 min to
obtain the supernatant. Protein samples (50
ug) were separated by 10% sodium dodecyl
sulfate-polyacrylimide gel electrophoresis and
transferred to polyvinylidene difluoride mem-
branes (EMD Millipore, Billerica, MA, USA).
Membranes were blocked with 5% (w/v) non-fat
milk powder in Tris-buffered saline and 0.1%
(w/v) Tween 20 (TBST), and incubated with the
following primary antibodies: KLF5 and B-actin
(Santa Cruz Biotechnology, Inc.; 1:1000, Dallas,
TX, USA), at 4°C overnight. After being washed,
the membranes were incubated with HRP-
conjugated anti IgG at room temperature for 2
hour. Signal detection was carried out with an
ECL system (Amersham Pharmacia, Piscataway,
NJ, USA).
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Statistical analysis

The data from these experiments were report-
ed as mean = standard deviation (SD) for each
group. All s tatistical analyses were performed
by using PRISM version 7.0 (GraphPad). Inter-
group differences were analyzed by one-way
ANOVA, and followed by Tukey’s multiple com-
parison test as a post test to compare the
group means if overall P < 0.05. Differences
with P value of < 0.05 were considered statisti-
cally significant.

Results

Effect of TNF-a on HCASMCs proliferation and
migration

Previous studies suggest that TNF-a has been
associated with proliferation, migration and
phenotypic modulation in VSMCs [19-21]. In
line with these reports, our findings demon-
strated that TNF-a at 10, 20, 30 and 40 ng/ml
significantly accelerated HCASMCs prolifera-
tion by 58%, 85%, 132% and 153%, respective-
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Figure 2. TNF-a inhibited miR-320 in HCASMCs. Unsupervised hierarchical clustering of differentially expressed
miRs in HCASMCs treated with TNF-a (20 ng/ml) for 24 h were measured by microRNA microarray analysis. The fig-
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in HCASMCs with or without TNF-a (20 ng/ml) treatment (B and C). Real-time PCR analysis was performed to mea-
sure miR-320 levels in HCASMCs transfected with the miR-320 mimics (D) or inhibitors (E). Values were expressed
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as mean = SD, n = 3 in each group.

ly (Figure 1A). Similar results of TNF-a-induced
HCASMCs proliferation were observed in inc-
reasing the duration of time (Figure 1B). We
also evaluated HCASMCs migration by TNF-a
treatment. TNF-a at 20, 30 and 40 ng/ml sig-
nificantly increased HCASMCs migration by
106%, 208% and 247%, respectively (Figure
1C). Moreover, we found that TNF-a at 20 ng/
ml could induce HCASMCs migration in a time-
dependent manner (Figure 1D).

TNF-o inhibited miR-320 in HCASMCs

To identify aberrantly miRs expression in
HCASMCs exposure to TNF-a (20 ng/ml), we
performed microarray assay with small RNA
libraries generated using total RNA extracted
from HCASMCs with TNF-a treatment for 24 h.
We found that 30 miRs were differentially
expressed in HCASMCs with TNF-a treatment
compared with control group. 15 miRs were
increased and 15 were decreased, and the
expression of miR-320 showed the lowest level
of all the miRs (Figure 2A). Moreover, the quan-
titative real-time PCR results showed that the
levels of miR-320 were significantly decreased
in HCASMCs with TNF-a@ treatment as com-
pared to control group (Figure 2B and 2C).
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P < 0.001 versus control group.

Therefore, we further investigated the function-
al roles of miR-320 in HCASMCs in the present
of TNF-a. To further examine the roles of miR-
320 in TNF-a-incubated HCASMCs, the mimics
and inhibitors of miR-320 were transfected in
HCASMCs. miR-320 mimics were found to be
sufficient to increase the expression levels of
miR-320 in HCASMCs, while miR-320 inhibitors
had the opposite result; these results suggest-
ed that the mimics and inhibitors of miR-320
took effects in HCASMCs (Figure 2D and 2E).

miR-320 inhibited TNF-a-induced HCASMCs
proliferation and migration

miR-320 mimics and inhibitors were transfect-
ed into HCASMCs to investigate whether miR-
320 mediates cell proliferation and migration
in the present of TNF-a. As compared to control
group, transfection of miR-320 mimics signifi-
cantly inhibited HCASMCs proliferation both
with and without TNF-a treatment (Figure 3A).
In contrast to that transfection of miR-320
inhibitors markedly promoted the proliferation
of HCASMCs with and without TNF-o treatment
(Figure 3B). In addition, the effects of miR-320
on HCASMCs migration were measured using
wound healing assays. The findings indicated

Int J Clin Exp Pathol 2017;10(3):2870-2878
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Figure 3. miR-320 inhibited TNF-a-induced HCASMCs proliferation and migration. miR-320 mimics (A) and inhibitors
(B) were transfected into HCASMCs; the cell viability was measured by MTT assay with or without TNF-a treatment.
miR-320 mimics (C) and inhibitors (D) were transfected into HCASMCs; the cell migration was measured by wound-
healing assay with or without TNF-a treatment. Values were expressed as mean + SD, n = 3 in each group. P < 0.05,

**P < 0.01 versus control group.

that transfected miR-320 mimics significantly
inhibited HCASMCs migration both in the
absence and presence of TNF-a (Figure 3C).
However, miR-320 inhibitors resulted in accel-
erating migration of HCASMCs with and without
TNF-a treatment (Figure 3D). These results
suggested that miR-320 could suppress the
proliferation and migration of HCASMCs in the
absence and presence of TNF-a.

KLF5 was a direct target of miR-320

Bioinformatics (miRanda Target database,
http://www.microRNA.org) revealed KLF5 RNA
contains one conserved target site of miR-320
(Figure 4A). The wild type sequence of KLF5
(KLF5-Wild) or mutant sequence (KLF5-Mut) as
shown in Figure 4A were subcloned into the
pMIR luciferase reporter and then co-transfect-
ed with the mimics of miR-320 or mimics-Con
into HCASMCs, and luciferase assays were per-
formed 24 hours post-transfection. As shown in
Figure 4B, the luciferase activity in KLF5 Wild-
type HCASMCs transfected with miR-320 mim-
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ics was significantly decreased compared with
control group. However, transfection of miR-
320 mimics into KLF5 Mut-type HCASMCs, the
luciferase activity did not show significant dif-
ference compared with control group. In addi-
tion, inhibition of miR-320 in HCASMCs result-
ed in up-regulation of KLF5 protein expression
(Figure 4C). On the contrary, overexpressed
miR-320 markedly decreased the protein
expression of KLF5 in HCASMCs (Figure 4D).
Collectively, these findings demonstrated that
KLF5 is a direct target of miR-320 in HCASMCs.

KLF5 knockdown rescued HCASMCs prolifera-
tion and migration

Next, we examined whether KLF5 knockdown
could prevent the increased HCASMCs prolifer-
ation by TNF-a treatment and miR-320 loss-of-
function. First, we found that infection of sh-
KLF5 lentivirus resulted in a remarkable
reduction of KLF5 protein expression (Figure
5A). As shown in Figure 5B and 5C, KLF5 loss-
of-function could significantly prevent the

Int J Clin Exp Pathol 2017;10(3):2870-2878
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Figure 4. KLF5 was a direct target of miR-320. The putative binding sites of miR-320 on KLF5 3’-UTR was highlight-
ed (A). In a dual-luciferase reporter assay, HCASMCs were transfected with firefly luciferase reporter inserted with
wild KLF5 3’-UTR or the reporter inserted with Mut KLF5 3’-UTR, the relative luciferase activities were evaluated at
24 hours after transfection (B). The protein expression of KLF5 was measured by western blotting transfected with
miR-320 inhibitors (C) or mimics (D). Values were expressed as mean + SD, n = 3 in each group. P < 0.01 versus

control group.

increased HCASMCs proliferation and migra-
tion in the absence and presence of TNF-a.
Moreover, KLF5 loss-of-function could also
reverse the increased HCASMCs proliferation
and migration with or without miR-320 inhibi-
tors (Figure 5D and 5E). Taken together, these
data suggested that miR-320 could suppress
TNF-a-induced HCASMCs proliferation and
migration by targeting KLF5.

Discussion

Our experiments demonstrated that miR-320
could inhibit TNF-a-induced proliferation and
migration of HCASMCs. To further research of
the molecular mechanisms of TNF-a-induced
proliferation and migration in HCASMCs, bioin-
formatic analysis showed that KLF5-encoded
MRNA contains a 3'-UTR element that was par-
tially complementary to miR-320, indicating
that miR-320 might directly target the corre-
sponding sites to regulate the expression of
KLF5. In fact, inhibition of miR-320 resulted in
up-regulating, and overexpressed miR-320
markedly decreased the protein expression of
KLF5 in HCASMCs. Furthermore, our findings
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indicated that KLF5 knockdown rescued TNF-a-
or miR-320 inhibitors-induced proliferation and
migration in HCASMCs.

Previous study has been found that miR-320
expression is down-regulated in several malig-
nancies, and enhanced miR-320 inhibits can-
cer cells proliferation and migration [22]. miR-
320 is involved in platelet-derived growth
factor-BB enhancing MSC-mediated cardiopro-
tection [23]. Moreover, miR-320 as an anti-
angiogenic exosomes from cardiomyocyes can
inhibit diabetes mellitus-induced myocardial
vascular deficiency [24]. miR-320 loss-of-func-
tion suppresses cardiomyocyte apoptosis and
protects against myocardial ischemia and
reperfusion injury [25]. However, there has
been no relevant report about miR-320 regulat-
ing HCASMCs functions. Our current study
replenished previous studies that miR-320 pos-
sessed an inhibitory effect of TNF-a-induced
proliferation and migration in HCASMCs.
Moreover, our findings had identified a new tar-
get gene of miR-320. KLF5 as a direct target of
miR-320 was confirmed in HCASMCs, which
directly bound to the 3’-UTR region of KLF5 to

Int J Clin Exp Pathol 2017;10(3):2870-2878
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Figure 5. KLF5 knockdown rescued HCASMCs proliferation and migration. KLF5 protein expression was measured
by western blotting in HCASMCs infected with sh-KLF5 lentivirus (A). HCASMCs infected with sh-KLF5, the cell vi-
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or without miR-320 inhibitors (E). Values were expressed as mean + SD, n = 3 in each group. "P < 0.05, P < 0.01

versus control group.

negatively regulate KLF5 expression expres-
sion. These results suggested that overex-
pressed miR-320 in HCASMCs might suppress
proliferation and migration by dysregulating
expression of KLF5. miR-320 might act as a
new effective target for the treatment of carotid
artery injuries.

Previous study indicates that KLF5 is an essen-
tial transcription factor in cardiovascular
remodeling and a potential therapeutic target
for cardiovascular disease [26]. KLF5 has been
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implicated in the regulation of phenotypic mod-
ulation of VSMCs and mediates TNFa-depen-
dent phenotypic change of VSMCs [14]. Spe-
cifically, overexpressed KLF5 results in mark-
edly increased cell proliferation and cell cycle
progression of VSMCs, which directly binds to
the promoter and up-regulates gene expres-
sion of cyclin D1 [27]. Our results showed that
KLF5 knockout could significantly inhibit HC-
ASMCs proliferation and migration in the ab-
sence and presence of TNF-a. Moreover, KLF5
knockout could also reverse the increased

Int J Clin Exp Pathol 2017;10(3):2870-2878
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HCASMCs proliferation and migration induced
by miR-320 inhibitors. These results suggest
that KLF5 plays an essential role in vascular
remodeling. Cytokines stimuli, such as Angll,
can induce vascular remodeling and enhance
the expression of KLF5 [12]. Moreover, inflam-
matory cytokine, including TNF-a, can stimulate
KLF5 expression [14]. KLF5 is enrichment in
fetal blood vessels, but the expression of
KLF5 is dramatically decreased in adult ves-
sels [28]. In general, KLF5 is activated in
VSMCs in abnormal conditions, such as reste-
nosis and atherosclerosis [29]. Our results
demonstrated that enhancement of miR-320
blocked TNFa-induced proliferation and migra-
tion in HCASMCs through increase of promoter
activity of KLF5.

Taken together, TNF-a, as an important inflam-
matory cytokine, could regulate the prolifera-
tion and migration of HCASMCs. Overexpressed
miR-320 could suppress the proliferation and
migration of HCASMCs in the absence and
presence of TNF-a. KLF5 as a direct target of
miR-320 was involved in TNFa-induced prolif-
eration and migration of HCASMCs. KLF5
knockout could reverse the increased prolifera-
tion and migration in HCASMCs induced by
miR-320 loss-of-function and TNF-a treatment.
Therefore, miR-320/KLF5 signaling pathway
could be a therapeutic target for carotid artery
injuries-related vascular remodeling.
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