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Abstract: Increasing evidences have indicated the vital roles of long noncoding RNA (IncRNA) in the atherosclero-
sis. However, whether IncRNA LINCO0341 play pivotal roles in the vascular smooth muscle cells (VSMCs) is still
unclear. This work presents the authentic functions of LINCO0341 on the proliferation and migration of VSMCs
and unveils the underlying mechanism. Functional experiment data demonstrated that LINCOO341 expression was
increased in the ox-LDL induced VSMCs with dose-dependent and time-dependent mode. Moreover, the knockdown
of LINCO0341 suppressed the proliferation and migration ability of VSMCs. Mechanically, we found that LINCO0341
promoted the FOXO4 protein expression via sponging miR-214, which, in return, resulting in the transcription activa-
tion of LINCOO341. In conclusion, the results conclude that LINCOO341 promotes the proliferation and migration of
VSMCs and confirm the positive feedback loop of LINCO0341/miR-214/FOX04 axis.
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Introduction

Atherosclerosis acts as the main causes of cor-
onary heart disease, cerebral infarction and
peripheral vascular disease [1, 2]. The patho-
logical basis of atherosclerosis is the disorder
of lipid metabolic, which is characterized by the
arterial lesions originated from the intima [3].
Vascular smooth muscle cells (VSMCs) function
as the majority of arterial walls and its dysfunc-
tion could participate in the atherosclerosis [4,
5]. The lesions of VSMCs also occur in the blood
vessels of vital organs, such as heart, brain
and kidney [6, 7]. It could cause the ischemia
and necrosis, such as myocardial infarction,
cerebral infarction and renal infarction [8].
Nevertheless, the profound molecular mecha-
nism by which VSMCs contribute to the athero-
sclerosis is still undetermined.

Recently, the epigenetic regulation on the
human genomic expression has been ade-
quately convinced, especially the long non-cod-
ing RNAs (IncRNAs) [9]. Human genome proj-

ects discovered that approximate 90% of the
human genome is transcribed, however, there
is about 2% of the transcripts encoding pr-
oteins. LncRNAs have been identified to be
implicated in the cardiovascular disease, incl-
uding atherosclerosis, myocardial fibrosis, lip-
id metabolism and vascular endothelial abn-
ormality [10]. For example, in the vascular sm-
ooth muscle cell (VSMCs) induced by ox-LDL,
UCA1 is up-regulated and antagonizes miR-26a
through downregulation of its target PETN to
regulate the PCNA, a-SMA and SM22-« expres-
sion [11]. LncRNA MALAT1 expression is up-
regulated in the ox-LDL treated HCAECs, and
MALAT1 knocking down promotes the ox-LDL-
induced cytokine release and apoptosis of
HCAECs via binding miR-155/S0OCS1 axis [12].

In this study, we present a research about the
IncRNA LINCO0341 in the vascular smooth
muscle cells (VSMCs) pathophysiological pr-
ocess in the atherosclerosis. Our data sugge-
st that the over-expressed IncRNA LINCO0341
promotes the proliferation and migration of
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VSMCs by sponging miR-214/FOX04 axis. This
finding reveals that IncRNA LINCOO341 could
act as vital regulators of post-transcriptional
modification of VSMCs.

Materials and methods
VSMCs culture

All the items about the ethical approval had
get approved by the Ethics Committee of Yan-
tai Affiliated Hospital of Binzhou Medical Un-
iversity. For the following cellular experiments,
human VSMCs were provided by ATCC Com-
pany (Rockville, MD, USA, American Type Cu-
lture Collection). The condition of VSMCs cul-
ture was set in Dulbecco’s modified Eagle’'s
medium (DMEM) and incubation in 5% CO, at
37°C. Besides, more elements were supple-
mented, including FBS (fetal bovine serum,
10%, Grand lIsland, NY, USA), penicillin (1%,
100 U/ml) and streptomycin sulfate (1% 100
mg/ml). VSMCs were administrated with ox-
LDL (100 mg/I) to simulate the high blood lipid
environment.

Oligonucleotides transfection

The oligonucleotides small interfering RNAs
(siRNAs) targeting LINCOO341 and miR-214
and mimics and their control were purchased
from RiboBio (Guangzhou, China). Lipofectam-
ine 2000 (Thermo Fisher Scientific, Inc, Rock-
ford, IL, USA) was used for transfection accor-
ding to the manufacturer’s instructions. All the
sequences were presented in the Table S1.

Quantitative real-time PCR (qRT-PCR)

Total RNA were extracted from VSMCs using
RNAiso Plus (TaKaRa, Dalian, China). PrimeScr-
ip RT Master Mix was performed for the rev-
erse transcription and SuperScript First-Sta-
nd Synthesis system (Invitrogen, US) the cDNA
amplification. Quantitative PCR analysis was
carried out using the Hieff qPCR SYBR Gre-
en Master Mix kit (TaKaRa, Dalian, China) with
ABI Prism 7300 Sequence Detection System
(Applied Biosystems, Foster, Calif., USA). GAP-
DH was used as an endogenous control and
calculated the relative expression level. All
primers were listed in Table S1.

Western blot analysis

The protein was extracted from VSMCs using
RIPA lysis buffer (Thermo Scientific, Rockford,
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IL, USA) and the purity was measured with the
BCA Protein assay kit (Beyotime Institute of
Biotechnology, Shanghai, China). The extract-
ion was transferred to the PVDF membranes
and blocked with the non-fat milk powder. Th-
en, the PVDF membrane was incubated with
primary antibodies (anti-FOX04, 1:1000 dilu-
tion, Abcam) overnight at 4°C and then incu-
bated with HRP-conjugated secondary antib-
odies (anti-GAPDH, 1:500 dilution) at room te-
mperature. Blots signals were detected using
an enhanced chemiluminescence (ECL) syst-
em according to the manufacturer’s instruc-
tions, and the density was determined using
Image LabTM software (version 4.1; Bio-Rad,
CA, USA).

CCK-8 assay

Proliferation ability analysis was performed
using CCK-8 assay for the VSMCs. After the
transfection, VSMCs (5x10° cells/well) were
seeded in 96-well culture plates and adminis-
trated with CCK-8 agent to examine the cell
viability.

Migration analysis

Migration analysis was performed using wound
healing assay and transwell migration assay.
For the wound healing assay, cells at 90%
confluence were seeded in 6-well plates. The
cell monolayer was wounded by manually sc-
raping the cells with a 200 ul pipette tip. Mi-
gration rate was calculated with the following
formula: migration distance/original distance.
For the transwell experiment, Transwell cha-
mber (8 ym, Sigma, Dallas, TX, USA) was co-
ated with the Matrigel (50 ul). 1x10* cells
was suspended in the RPMI-1640 serum-free
medium (200 ul) of the upper chamber. The
lower chamber was medium (600 ul) with the
10% fetal bovine serum-containing medium
(Gibco; Thermo Fisher Scientific). After the incu-
bation at 37°C, cells that migrated to the lower
chamber were fixed in 4% paraformaldehyde
for 30 min and stained with 1% crystal violet.

Cell cytoplasm/nucleus fraction isolation

The subcellular location analysis of VSMCs was
measured using the Nuclear and Cytoplasmic
Extraction Reagents.

Luciferase gene reporter assay
The 3-UTR sequences complementary to miR-

214 (wild type, wild type) of FOXO4 and LINC-
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Figure 1. LncRNA LINCO0341 is over-expressed in the VSMCs induced by
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| Statistical analysis

All data were indicated using
SPSS 18.0 (SPSS, Chicago, IL,
USA) as means + standard er-
ror, and shown GraphPad Pri-
sm 6.0 (La Jolla, USA). The st-
atistical approach were anal-
yzed using independent sam-
ples t-test or chi-square (P <
0.05) for evaluating the Group
difference.

ox-LDL and the knockdown of LINCO0341 suppresses the proliferation and
migration. A. RT-PCR measured the LINCO0341 expression in the VSMCs Results
treated with the gradient concentration of ox-LDL (0-150 mg/L). B. The

LINCOO341 expression in the VSMCs treated with 100 mg/L ox-LDL with the
processing time. C. LINCOO341 expression in the VSMCs transfected with
special oligonucleotides targeting LINCO0341 (si-LINCO0341) or control. D.
CCK-8 proliferation assay indicated the proliferation of absorbance value in
VSMCs. E. Wound healing assay reported the migrated distance of VSMCs.
F. Transwell analysis illustrated the migration of VSMCs. **P < 0.01 vs. si-NC

control. *P < 0.05 vs. si-NC control.

00341 were cloned into psi-CHECK2 vector
(Promega, WI, USA). VSMCs were co-transfect-
ed with CHECK2 vector and miR-214 mimic or
control using Lipofectamine 2000 (Invitrogen).
For the luciferase reporter ability, it was asse-
ssed by using a Dual Luciferase Reporter Ass-
ay System (Promega) normalized to luciferase
activity.

RNA immunoprecipitation (RIP)

RIP analysis was carried out using EZ-Magna
RIP Kit (Millipore) according to the manufactur-
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LncRNA LINCO0341 is over-
expressed in the VSMCs
induced by ox-LDL and the
knockdown of LINCO0341
suppresses the proliferation
and migration

To explore whether IncRNA LINCO0341 was
differently expressed in the VSMCs in the at-
herosclerosis environment, we administrated
the gradient concentration of ox-LDL (0-150
mg/L) to VSMCs. Results showed that LINC-
00341 expression was increased in the ad-
ministration of ox-LDL on VSMCs (Figure 1A).
When VSMCs were administrated with ox-LDL
(100 mg/I), LINCOO341 expression was al-
so increased with the processing time (Figure
1B). The special oligonucleotides targeting LI-
NC00341 was transfected into VSMCs to si-
lence the LINCO0341 expression (Figure 1C).

Am J Transl Res 2019;11(3):1835-1842
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ological phenotype, we perf-
ormed subcellular fractionat-
ion analysis to verify the pos-
sible mechanism. Results det-
ermined that LINCO0341 ma-
inly located in the cytoplasm
compared with the nucleus,
indicating the significant enri-
chment of LINCOO341 in the
cytoplasm and post-transcri-
ptional control of VSMCs (Fi-
gure 2A). Online bioinformati-
cs tools (StarBase v2.0, Reg-
RNA2) suggested that miR-
214 could targeted the LIN-
C00341 at the 3-UTR (Untra-
nslated Regions) to form the
complementary pairing (Figu-
re 2B). Luciferase gene repo-
rter analysis and RNA imm-
unoprecipitation (RIP) assay
revealed that the LINCO0341
could efficiently bind with the
miR-214 by the molecular
binding (Figure 2C, 2D). In the
VSMCs administrated with in-
creasing concentration of ox-
LDL (0-150 mg/l), the expre-

Figure 2. miR-214 targets the 3’-UTR of IncRNA LINCO0341 in the VSMCs.
A. Subcellular fractionation analysis revealed the location of LINCO0O341 in
the cytoplasm and nucleus. B. Online bioinformatics tools (StarBase v2.0,
RegRNA2) suggested the complementary pairing within LINCOO341 and
miR-214. C. Luciferase gene reporter analysis showed the luciferase activity
within the LINCO0O341 (wild type or mutant) and miR-214 or control. D. RNA
immunoprecipitation (RIP) assay revealed the efficient molecular binding
within LINCO0341 and miR-214. E. RT-PCR revealed the LINCOO341 and
miR-214 in the VSMCs administrated with increasing concentration of ox-
LDL (0-150 mg/1). F. miR-214 expression in the VSMCs transfected with the
si-LINCO0341. **P < 0.01 vs. si-NC control. *P < 0.05 vs. si-NC control.

CCK-8 proliferation assay indicated that LINC-
00341 silencing suppressed the absorbance
value in VSMCs (Figure 1D). Wound healing as-
say reported that LINCOO341 silencing sup-
pressed the migrated distance of VSMCs (Fi-
gure 1E). Transwell analysis illustrated that
LINCO0341 silencing inhibited the migration of
VSMCs (Figure 1F). Overall, data concluded
that IncRNA LINCO0341 is over-expressed in
the VSMCs induced by ox-LDL.

miR-214 targets the IncRNA LINCO0341 3’-
UTR

In order to determine the in-depth mechani-
sm that LINCOO341 regulates the VSMCs bi-
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ssion of miR-214 was signi-
ficantly decreased, which is
negatively correlated with th-
at of LINCOO341 (Figure 2E).
In the VSMCs transfected wi-
th the si-LINCO0341, miR-214
expression was up-regulated
(Figure 2F). Collectively, our
data revealed that miR-214
targets the 3-UTR of IncRNA
LINCOO341 in the VSMCs.

FOXO04 functions as the target of miR-214 in
VSMCs

Presently, existing evidence have indicated th-
at miRNAs could bind with their downstream
protein to inhibit its expression, thereby reg-
ulating its translation expression. In silico me-
thods revealed the potential putative binding
sites within miR-214 and FOXO4 3’-UTR (Figure
3A). Luciferase gene reporter assay revealed
that miR-214 binds with the FOX04 3’-UTR with
the activity, accounting for the molecular bind-
ing (Figure 3B). In the following western blot
analysis performed in the VSMCs, the transfe-
ction of miR-214 inhibitor or mimics could
enhance or weaken the level of FOXO4 protein

Am J Transl Res 2019;11(3):1835-1842
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Figure 3. FOXO4 functions as the target of miR-214 in VSMCs. A. The potential putative binding sites within miR-
214 and FOX04 3'-UTR predicted using in silico methods. B. Luciferase gene reporter assay revealed the molecular
binding activity within miR-214 and FOX04 3’-UTR. C, D. Western blot analysis showed the level of FOXO4 protein
in the VSMCs with the transfection of miR-214 inhibitor or mimics. E, F. Western blot analysis showed the level of
FOXO4 protein in the VSMCs with the transfection of LINCOO341 siRNA and/or miR-214 inhibitor. **P < 0.01 vs.

si-NC control.

(Figure 3C, 3D). Moreover, the transfection of
LINCO0341 siRNA decreased the FOX04 prot-
ein level, and the transfection of miR-214 in-
hibitor recovered it (Figure 3E, 3F). Therefore,
these results illustrated that FOX04 functions
as the target of miR-214 in VSMCs.

FOXO04 targets with the promoter and acceler-
ates the transcriptional level of LINCOO341

We had confirmed the LINCO0341/miR-214/
FOX04 pathway in the VSMCs, which acts as
a vital regulation of ncRNA on the AS. In-
terestingly, we also found that FOXO04, a vital
transcription factor, could bind with the prom-
oter of LINCOO341 via bioinformatics pred-
iction tools. Firstly, the plasmid of over-ex-
pressed FOX04 (pcDNA3.1, pcDNA-FOX04) and
corresponding control were transfected into
the VSMCs to enhance its expression (Figure
4A, 4B). Subsequently, RT-PCR revealed that
the transfection of plasmidfor FOX04 (pcDNA-
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FOXO04) could increase the LINCO0341 expr-
ession, indicating the acceleration of FOX04
for the LINCOO341 (Figure 4C). Using the on-
line tools (JASPAR, http://jaspar.genereg.net/,
RegRNA2.0, http://regrna2.mbc.nctu.edu.tw/
index.html), there were three putative binding
sites that FOXO4 could bind with LINCO0341
(Figure 4D). Chromatin immunoprecipitation
(ChIP) revealed that FOXO4 endogenous binds
with the TFBS 3 binding motif of promoter
region of LINCOO341 (Figure 4E). Therefore,
this mechanical experiments showed that FO-
X04 could target with the promoter and accel-
erates the transcriptional level of LINCO0341,
forming the LINCO0341-miR-214-FOX04 posi-
tive feedback loop.

Discussion

In the last century, genome-wide associati-
on studies (GWAS) and human genome project

Am J Transl Res 2019;11(3):1835-1842
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Figure 4. FOXO4 targets with the LINCOO341 promoter and accelerates the
transcriptional level. A, B. Western blot analysis showed the FOXO4 level in
the VSMCs transfected plasmid of over-expressed FOX04 (pcDNA-FOX04)
and corresponding control. C. RT-PCR revealed the LINCO0341 expression in
VSMCs transfected with plasmid for FOXO4 (pcDNA-FOX04). D. The putative
binding sites that FOXO4 could bind with LINCO0341 predicted using the on-
line tools (JASPAR, http://jaspar.genereg.net/, RegRNA2.0, http://regrna2.
mbc.nctu.edu.tw/index.html). E. Chromatin immunoprecipitation (ChIP) re-
vealed the binding potential for FOXO4 with the binding motif of promoter

region of LINCO0341. **P < 0.01 vs. si-NC control.

has detailedly revealed the integrated gene
sequence of human genome, therefore, we co-
uld deeply comprehend the profound mystery
of human heredity [13, 14]. However, in the
post-genomic era, more and more attention
have focused on the epigenetics, including DNA
methylation, histone modifications, chromoso-
mal remodeling, and noncoding RNA (ncRNA)
regulation [15]. In this respect of ncRNA, long
noncoding RNA (IncRNA) acts as vital regulator
for the human pathogenesis and regulates the
gene transcription or translation to affects its
function and characteristics [16].

Long noncoding RNAs (LncRNAs) are a larger
subgroup of ncRNA with more than 200 nucle-
otides, acting as the post-transcriptional ele-
ments [17-20]. Existing evidence have revealed
that LINCO0341 is associated with poor pro-
gnosis in cancers and LINCOO341 inhibited
cancer metastasis [21]. Besides, LINCO0341
expression level is enhanced in the human
umbilical vein endothelial cells and recruits
EZH2 to the promoter region of the VCAM1
gene to inhibit VCAM1 expression, playing an
important role in modulating endothelial func-
tion [22]. Therefore, these evidence powerfully
support the assumption that LINCOO341 might
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atherosclerosis pathogenesis.
The cellular functional expe-
riments showed that LINCO-
0341 silencing with the olig-
onucleotides transfection co-
uld efficiently suppress the pr-
oliferation and migration of
VSMCs. Therefore, the aber-
rantly expressed LINCO0341
in the simulative atheroscle-
rosis models accelerates the
pathological differentiation of
VSMCs.

. IgG FOX04 ,,

In the pathogenesis of atherosclerosis, the pr-
oliferation and migration of VSMCs acts as
the important sign phenomenon. During the
atherosclerosis, VSMCs migrate from middle
membrane to the inner membrane, in which
IncRNAs participate in this process [23, 24].
For instance, IncRNA XROO7793 expression is
significantly increased in the injured carotid
artery of SD rats and platelet-derived growth
factor-BB induced aortic smooth muscle cells.
Then, the XRO07793 knockdown inhibits the
proliferation and migration of VSMC in vitro via
directly bonding to miR-23b/FOX04 axis [25].
Moreover, in the ox-LDL (50 mg/l) induced va-
scular smooth muscle cell (VSMCs), overex-
pressed IncRNA UCA1 antagonized miR-26a
and then the downregulation of its target PE-
TN, revealing that UCA1 acts as an endogen-
ous sponge of miR-26a to regulate VSMCs pro-
liferation [11].

Our study and works pay close attention to the
roles of IncRNA in the VSMCs in atherosclerosis
environment. We find that IncRNA LINCO0341
is significantly increased in the ox-LDL induced
VSMCs, furthermore, LINCOO341 acts as the
endogenous sponge of miR-214. It means that
LINCO0341 acts as the miR-214 sponge in the

Am J Transl Res 2019;11(3):1835-1842
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VSMCs. Then, FOX0O4 functions as the target
protein of miR-214. Interestingly, the transcrip-
tion factor FOX04 could bind with the promoter
region of LINCO0O341 and promote its transc-
riptional level. Thus, this suggests the positi-
ve feedback loop of LINCO0341/miR-214/
FOXO04 in the VSMCs.

In conclusion, our study reveals the vital roles
of LINCO0341 in the proliferation and migration
of VSMCs in the atherosclerosis. LINC-
00341 acts as the sponge of miR-214 and
therefore promotes the FOX04 expression.
Interestingly, transcription factor FOXO04 acti-
vates the transcription of LINCO0341 and ac-
celerates the abundance, suggesting the po-
sitive feedback loop of LINCO0341/miR-214/
FOXO04 in the VSMCs.
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Table S1. Primers sequences for qRT-PCR and sequences
of siRNA

Sequences
si-LINCO0341-1# 5-GTGACTTAAACAGCTTAAATT-3’
si-LINCO0O341-2# 5’-TAAACAGTGACTTTAAATTGT-3’
si-LINCO0341-3# 5-CATAAATTCTGAAATTAGTT-3’

miR-214 Forward, 5’-TGTGATGAAAGACGGCACAC-3’
Reverse, 5’-CTTCCTTTGGGTATTGTTTGG-3’

FOX04 Forward, 5’-CCTCAGACTCCGTAATGTG-3’
Reverse, 5’-CCGGGATTGTCAGATAGG-3’

LINCO0O341 Forward, 5’-~AGAGAATGGAGAGTGAGGCTACC-3’

Reverse, 5-CCAGGCATGGACAGAGGGAT-3’
miR-214 inhibitor 5-ACGGAUUCCUGGGAAAACUGGAC-3’
miR-214 mimics  5-GTCCAGTTTTCCCAGGAATCCCT-3’
GAPDH Forward, 5’-AGAAGGCTGGGGCTCATTTG-3’

Reverse, 5~ AGGGGCCATCCACAGTCTTC-3’




