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Abstract

Long non-coding RNAs (IncRNAs) have been indicated for the regulatory roles in car-
diovascular diseases. This study determined the expression of IncRNA TNK2 antisense
RNA 1 (TNK2-AS1) in oxidized low-density lipoprotein (ox-LDL)-stimulated human
aortic smooth muscle cells (HASMCs) and examined the mechanistic role of TNK2-
AS1 in the proliferation and migration of HASMCs. Our results demonstrated that ox-
LDL promoted HASMC proliferation and migration, and the enhanced proliferation
and migration in ox-LDL-treated HASMCs were accompanied by the up-regulation
of TNK2-AS1. In vitro functional studies showed that TNK2-AS1 knockdown sup-
pressed cell proliferation and migration of ox-LDL-stimulated HASMCs, while TNK2-
AS1 overexpression enhanced HASMC proliferation and migration. Additionally,
TNK?2-AS1 inversely regulated miR-150-5p expression via acting as a competing en-
dogenous RNA (ceRNA), and the enhanced effects of TNK2-AS1 overexpression on
HASMC proliferation and migration were attenuated by miR-150-5p overexpression.
Moreover, miR-150-5p could target the 3’ untranslated regions of vascular endothe-
lial growth factor A (VEGFA) and fibroblast growth factor 1 (FGF1) to regulate FGF1
and VEGFA expression in HASMCs, and the inhibitory effects of miR-150-5p over-
expression in ox-LDL-stimulated HASMCs were attenuated by enforced expression
of VEGFA and FGF1. Enforced expression of VEGFA and FGF1 also partially restored
the suppressed cell proliferation and migration induced by TNK2-AS1 knockdown in
ox-LDL-stimulated HASMCs, while the enhanced effects of TNK2-AS1 overexpres-
sion on HASMC proliferation and migration were attenuated by the knockdown of
VEGFA and FGF1. Collectively, our findings showed that TNK2-AS1 exerted its ac-
tion in ox-LDL-stimulated HASMCs via regulating VEGFA and FGF1 expression by
acting as a ceRNA for miR-150-5p.
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1 | INTRODUCTION

Atherosclerosis is a vascular disorder characterized by the accu-
mulation of fibrous elements and lipids in the vascular wall and is a
major cause of cardiovascular disease-related deaths.! In China, the
incidence of atherosclerosis is expected to increase annually, which
imposed substantial medical and economic burden on the society.?®
To date, the pathophysiology of atherosclerosis remains unclear, and
recent evidence pointed to vascular smooth muscle cells (VSMCs)
as the key factor in the development of atherosclerosis.*® Studies
showed that abnormal VSMC proliferation, migration and synthesis
of extracellular matrix by VSMCs contribute to the formation of the
atherosclerotic plaque.®” Unfortunately, the molecular mechanisms
that control VSMC proliferation and migration were understudied.
Thus, identification of novel targets that can restore the abnormal
cellular functions of VSMCs may have therapeutic potentials for the
atherosclerosis.

Studies from human genome projects showed that more than
90% of the transcripts in human genome were incapable of coding
proteins,® and among these non-coding RNA, the long non-coding
RNAs (IncRNAs) have more than 200 nucleotides in Iength9 and have
diverse biology functions such as cell proliferation, cell apoptosis, cell
migration and cell metabolism.’ Various diseases including cancer,
cardiovascular diseases and neurodegenerative diseases were found
to involve in the dysregulated IncRNAs.'® In the aspect of atheroscle-
rosis, IncRNA retinal non-coding RNA 3 knockdown promoted athero-
sclerosis by enhancing endothelial cell and VSMC proliferation.11 The
IncRNA UCA1 was up-regulated in oxidized low-density lipoprotein
(ox-LDL)-stimulated VSMCs and promoted VSMC migration and pro-
liferation via suppressing miR-26a expression,*? which contributed to
the development of atherosclerosis. In addition, Huang et al showed
that IncRNA H19 regulated the atherosclerosis via increasing acid
phosphatase 5 expression.13 Recently, the IncRNA TNK2 antisense
RNA 1 (TNK2-AS1) was found to be up-regulated in non-small cell
lung cancer tissues and TNK2-AS1 could promote the angiogenesis
of non-small cell lung cancer via STAT3/vascular endothelial growth
factor A (VEGFA) signalling.14 However, the role of TNK2-AS1 in the
cellular functions of VSMCs has not been explored yet.

In this study, we determined the expression of TNK2-AS1 in ox-
LDL-stimulated human aortic smooth muscle cells (HASMCs) and ex-
amined the effects of TNK2-AS1 on the proliferation and migration
of HASMCs. Additionally, the underlying regulatory pathways of
TNK2-AS1 were also explored by in vitro assays. The present study
may provide us with better understanding regarding the role of In-
cRNA in HASMC proliferation and migration.

2 | MATERIALS AND METHODS
2.1 | Celllines and cell culture and ox-LDL
treatment

The HASMCs were purchased from ScienCell (Carlsbad, USA).
The HASMCs are grown in the smooth muscle cell growth

medium supplied with 10% foetal bovine serum (FBS; Thermo Fisher
Scientific, Waltham, USA) and antibiotics (100 U/mL penicillin/strep-
tomycin). The HASMCs were maintained at 37°C in a humidified cell
incubation chamber with 5% CO,. The ox-LDL was a commercial
product from Sigma-Aldrich (St. Louis, USA) and the treatment con-
centrations for ox-LDL were 25, 50 and 100 pg/mL, and treatment
duration was 24 and 48 hours according to different experimental

set-ups.

2.2 | Small interfering RNAs (siRNAs), plasmid
constructs, microRNA (miRNA) oligonucleotides and
in vitro transfections

The siRNAs for TNK2-AS1 (named as si-TNK2-AS1 (#1) and si-TNK2-
AS1 (#2)), VEGFA, fibroblast growth factor 1 (FGF1) and scrambled
negative control siRNAs (si-NC) were designed and synthesized
by RiboBio (Guangzhou, China). The pcDNA3.1 plasmid was used
to generate VEGFA- and FGF1-overexpressing vector (named as
pcDNA3.1-VEGFA and pcDNA3.1-FGF1), and these constructs were
obtained from GenePharma (Shanghai, China). The miRNA oligonu-
cleotides including miR-150-5p mimic, miR-150-5p inhibitor as well
as the respective negative controls were purchased from Ambion
(Waltham, USA). The in vitro transfections were done by using the
Lipofectamine 2000 reagent (Invitrogen, Carlsbad, USA), and trans-
fected cells were subjected to different in vitro assays at 24 hours

after transfection.

2.3 | Quantitative real-time polymerase chain
reaction (QRT-PCR)

Total RNA from treated HASMCs was isolated using TRIzol reagent
(Invitrogen). For the quantification of IncRNA and mRNA, the cDNA
was obtained by using PrimeScript RT reagent kit (Takara, Dalian,
China). The real-time PCR was performed on the 7900 Real-time
PCR System using SYBR Premix Ex Taq (Takara). For the quantifica-
tion of miR-150-5p, cDNA was obtained by using Tagman MicroRNA
Reverse Transcription kit (Thermo Fisher Scientific, Waltham, USA)
and real-time PCR was performed on the 7900 Real-time PCR
System using Tagman microRNA assay kit (Thermo Fisher Scientific).
The fold changes for INncRNA, mRNA and miRNA expression were
determined using comparative Ct method, and GAPDH was selected
as the internal control for IncRNA and mRNA and U6 was selected as

the internal control for miRNA.

2.4 | Cell Counting Kit-8 (CCK-8) assay

CCK-8 (Dojindo Laboratories, Kumamoto, Japan) was used to de-
termine cell proliferative ability of HASMCs. Briefly, the treated
HASMCs were seeded onto 96-well plates at a density of 1x10% cells/
well with a volume of 100 uL. At the indicated time, the HASMCs
were incubated with 10 pL CCK-8 solution for 30 minutes at 37°C.
After that, the cell proliferative index was determined by measuring
the absorbance at 450 nm wavelength.
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2.5 | Transwell migration assay

The migratory potential of HASMCs was evaluated by the Transwell
migration assay. Briefly, the treated HASMCs (5 x 10* cells) were
pre-incubated with mitomycin C (20 pmol/L) for 2 hours and were
re-suspend in the smooth muscle cell growth medium (300 pL) with-
out FBS and were seeded on the upper Transwell chamber with in-
serts (8 um pore size; Corning, USA). The lower chamber was filled
with culture medium with 10% FBS as the chemo-attractant. After
a further incubation for 24 hours, HASMCs on the top surface of
the membrane were cleaned with a cotton swab, and the HASMCs
migrated into the lower membrane were fixed with 4% paraform-
aldehyde for 15 minutes and were then stained with 0.1% crystal
violet for 10 minutes at room temperature. Cell migratory potential
was evaluated by counting the stained cells using a light microscope

by randomly selecting five fields.

2.6 | Luciferase reporter assay

The fragments of TNK2-AS1 and the 3’ untranslated region (3'UTR)
of VEGFA and FGF1 were amplified by PCR and were then sub-
cloned into the pGL3 reporter vector (Promega, Madison, USA). For
the corresponding mutant vectors, the mutated sites were gener-
ated by using site-directed mutagenesis kit (Agilent, Santa Clara,
USA), and then the mutated segments were also subcloned into the
pGL3 reporter vector. For the luciferase reporter assay, HASMCs
were seeded on the 24-well plates at the 70%-80% confluence.
After overnight incubation, HASMCs were cotransfected with miR-
NAs and pGL3 reporter constructs using the Lipofectamine 2000
reagent, according to the manufacturer's protocol. At 48 hours after
transfection, the luciferase activity in HASMCs was determined by
the Dual-Luciferase Reporter Assay kit (Promega). The relative lucif-
erase activity was calculated by the ratio between Firefly luciferase

activity and the Renilla luciferase activity.

2.7 | Western blot assay

Total proteins from cells were extracted on the ice-cold RIPA lysis
buffer with protease inhibitors (Sigma, St. Louis, USA). The concen-
trations of the extracted proteins were determined by the BCA assay
kit (Beyotime, Beijing, China). Equal amounts of extracted proteins
were separated by electrophoresis on the 10% sodium dodecyl sul-
phate-polyacrylamide gel and were then transferred onto the polyvi-
nylidene difluoride membranes (Sigma). The transferred membranes
were then blocked with 5% non-fat milk in Tris-buffered saline with
Tween-20 (TBST). The membranes were then probed by using pri-
mary antibodies against proliferating cell nuclear antigen (PCNA),
a-smooth muscle action (a-SMA) and -actin at 4°C overnight. After
being washed with TBST for 5 minutes x 3 times, the membranes
were probed by using horseradish peroxidase-conjugated secondary
antibody at room temperature for 2 hours. The Western blot bands
were visualized by ECL kit (Thermo Fisher Scientific). f-Actin was

used as the internal for targeted protein expression.

2.8 | Statistical analysis

The data were analysed, and the graphs were plotted by the
GraphPad Prism Version 6.0 (GraphPad Software Company, La Jolla,
USA). The data were presented as mean * standard deviation (SD)
of at least three determinations. The significance for the differences
between different treatment groups was assessed by the unpaired
Student's t test or one-way ANOVA followed by Bonferroni's post

hoc test. Statistical significance was considered when P < .05.

3 | RESULTS

3.1 | Ox-LDL promoted cell proliferation and
up-regulated TNK2-AS1 expression in HASMCs

As previous studies have demonstrated that ox-LDL promoted VSMC
proliferation,15 we confirmed the effects of ox-LDL on the prolif-
eration of HASMCs. As shown in Figure 1A, HASMCs were treated
with ox-LDL at the concentration ranges from 25 pg/mL to 100 pg/
mL for 24 and 48 hours, respectively, and ox-LDL treatment sig-

nificantly potentiated HASMC proliferation in a concentration- and
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FIGURE 1 ox-LDL promoted cell proliferation and TNK2-
AS1 expression in HASMCs. (A) The HASMCs were treated

with different concentrations of ox-LDL for 24 or 48 h, and cell
proliferation was determined by CCK-8 assay. (B) The HASMCs
were treated with ox-LDL for 24 h, and TNK2-AS1 expression
was determined by qRT-PCR assay. N = 3. Significant differences
between treatment groups and control group were shown as

**P < .01 and ***P < .001
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time-dependent manner (Figure 1A). TNK2-AS1 expression was also
examined in HASMCs after being treated with ox-LDL (25-100 ug/
mL) for 24 hours, and ox-LDL at 50 pg/mL and 100 pg/mL signifi-
cantly up-regulated TNK2-AS1 expression in HASMCs as deter-
mined by qRT-PCR (Figure 1B).

3.2 | Knockdown of TNK2-AS1 attenuated the
hyper-proliferation and migration induced by ox-LDL
in HASMCs

Knockdown of TNK2-AS1 in HASMCs was confirmed by qRT-
PCR after cells being transfected with TNK2-AS1 siRNAs, and

transfection with TNK2-AS1 siRNAs, that is, si-TNK2-AS1 (#1) and
(#2) both significantly suppressed TNK2-AS1 expression in HASMCs
(Figure 2A). The CCK-8 assay and Transwell migration assay showed
that ox-LDL treatment promoted HASMC proliferation and migra-
tion, and the transfection with TNK2-AS1 siRNAs significantly re-
versed the ox-LDL-mediated effects on HASMC proliferation and
migration (Figure 2B and 2). Further gRT-PCR and Western blot
assays were performed to determine the expression of PCNA and
a-SMA in HASMCs, and 100 pg/mL ox-LDL treatment for 24 hours
up-regulated the expression of PNCA and a-SMA, which was attenu-
ated by TNK2-AS1 siRNAs (si-TNK2-AS1 (#1) and (#2)) transfection
in HASMCs (Figure 2D and 2).

s
A 2 12 B 20, *%
é‘ kk %k
o
ﬁ 0.9 4 § 1.5
é 0.6 <_>‘
g ] skokok % 1.0
2 (]
= 0.3 4 kook O 0.5
Q
=2
B
5 0.0: 0.0 -
o N ) > o N )
& N & Q°Q~<° RN N
% o W3 u%
- f\‘\"r ’\‘§~ °+>’ y "g‘\*‘ . :\V\Q‘
& & & &
o 9
o"‘"\/ o*"\’
c o 2507 kkok EX3 —
°
§ 200 4 | \ |
[
5 150
£
‘s 100 -
3
£ 501
=]
= 0
9 N N
N
» ug v
& S &
& Ly
o\f 0\'
O+)’ O+>,
@l Control El Control
BB ox-LDL + si-NC E . . B ox-LDL +si-NC
BB ox-LDL + si-TNK2-AS1(#1) PONA e S S w— EE ox-LDL + si-TNK2-AS1(#1)
D BB ox-LDL + si-TNK2-AS1(#2) o BB ox-LDL + si-TNK2-AS1(#2)
S L ok T a-SMA e D c—— 15 .
® @ *
[ x | %k
¢ \ \ pactin WP W — —_— *
S 24 X 1.0
b o O INY N 2
< & & & N =
[v4 (&) x 'v.e’ vf:’ 5
£ 1 S \sl& \;@ S 0.5
2 & K K o
= & & 2
o x x s
€ o N Nl € 0.0
PCNA «-SMA o+ &+ PCNA o-SMA

FIGURE 2 Knockdown of TNK2-AS1 suppressed cell proliferation and migration of ox-LDL-stimulated HASMCs. (A) The HASMCs
were transfected with scrambled siRNA (si-NC) or TNK2-AS1 siRNAs (siTNK2-AS1(#1) and (#2)), and at 24 h after transfection, TNK2-AS1
expression was determined by qRT-PCR. (B-E) The HASMCs were pre-transfected with si-NC, si-TNK2-AS1(#1) or (#2), and 24 h later,
HASMCs were treated with ox-LDL (100 pg/mL) for 24 h, and cell proliferation was determined by CCK-8 assay (B), cell migration was
determined by Transwell migration assay (C), the expression of PCNA and a-SMA was determined by qRT-PCR (D) and Western blot assay
(E). N = 3. Significant differences between treatment groups and control group were shown as *P < .05, **P < .01 and ***P < .001



CAIET AL.

WILEY--2*

3.3 | Overexpression of TNK2-AS1 promoted cell
proliferation and migration of HASMCs

Overexpression of TNK2-AS1 in HASMCs was confirmed by qRT-
PCR after cells being transfected with pcDNA3.1 or pcDNA3.1-
TNK2-AS1, and transfection with pcDNA3.1-TNK2-AS1 significantly
up-regulated TNK2-AS1 expression in HASMCs (Figure 3A). The
CCK-8 and Transwell migration assays showed that TNK2-AS1 over-
expression promoted HASMC proliferation and migration (Figure 3B
and 3). Consistently, qRT-PCR and Western blot results showed that
TNK2-AS1 overexpression increased the mRNA and protein expres-
sion levels of both PNCA and a-SMA in HASMCs (Figure 3D and 3).
In addition, the treatment with ox-LDL caused a marginal increase
(not statistically significant) in cell proliferation and migration of
HASMCs with TNK2-AS1 overexpression (Figure S1).

3.4 | TNK2-AS1 regulated cell proliferation and
migration via sponging miR-150-5p in HASMCs

The downstream miRNA that could be potentially targeted by
TNK2-AS1 was predicted by LncBase Predicted V2.0 online soft-
ware, and miR-150-5p was selected for further examination in
our study. Treatment with miR-150-5p mimic markedly increased
the miR-150-5p expression by around 10-fold when compared to
mimic ctrl group (Figure 4B), while treatment with miR-150-5p in-
hibitor suppressed miR-150-5p expression in HASMCs (Figure 4B).
The interaction between miR-150-5p and TNK2-AS1 was further

confirmed by luciferase reporter assay, and we constructed the
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reporter vectors containing the wild-type or mutant fragments
of TNK2-AS1 (Figure 4A), and different miRNAs and reporter
vectors were cotransfected into HASMCs, and at 48 hours after
transfection, miR-150-5p overexpression inhibited the luciferase
activity of the wild-type reporter vector, but not the mutant one
(Figure 4C), while miR-150-5p knockdown increased the lucif-
erase activity of the wild-type reporter vector, but not the mu-
tant one (Figure 4C). As expected, TNK2-AS1 overexpression
suppressed miR-150-5p expression in HASMCs (Figure 4D), and
ox-LDL (100 pg/mL) treatment for 24 hours also down-regulated
miR-150-5p expression in HASMCs, which was attenuated by
TNK2-AS1 siRNA transfection (Figure 4E). Further rescue ex-
periments showed that TNK2-AS1 overexpression promoted cell
proliferation and migration, and up-regulated PCNA and a-SMA
expression in HASMCs, which was partially reversely by the pres-

ence of miR-150-5p mimic (Figure 4F-I).

3.5 | MiR-150-5p regulated cell proliferation and
migration of HASMCs via targeting VEGFA and FGF1

To further understand the involvement of miR-150-5p in HASMC
proliferation and migration, we identified VEGFA and FGF1
as potential targets of miR-150-5p using TargetScan software
(Figure 5A-B). To confirm the interaction between miR-150-5p and
the 3'UTRs of VEGFA and FGF1, we further constructed the re-
porter vectors containing wild-type/mutant VEGFA 3'UTR or FGF1
3’'UTR. MiR-150-5p overexpression inhibited the luciferase activ-
ity of reporter vector with wild-type VEGFA 3'UTR, but not the
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FIGURE 4 TNK2-AS1 regulated cell proliferation and migration via sponging miR-105-5p in HASMCs. (A) The predicted binding
sequence between TNK2-AS1 and miR-150-5p was analysed by LncBase Predicted V2.0. (B) The HASMCs were transfected with mimic ctrl,
miR-150-5p mimic, inhibitor ctrl or miR-105-5p inhibitor, and at 24 h after transfection, miR-150-5p expression was determined by qRT-PCR.
(C) The HASMCs were cotransfected with miRNAs and reporter vectors, and at 48 h after cotransfection, the luciferase activity in HASMCs
was determined by dual-luciferase reporter assay. (D) The HASMCs were transfected with pcDNA3.1 or pcDNA3.1-TNK2-AS1, and at 24 h
after transfection, miR-150-5p expression was determined by qRT-PCR. (E) The HASMCs were pre-transfected with si-NC or TNK2-AS1
siRNA, and 24 h later, cells were treated with ox-LDL (100 pg/mL) for 24 h, and miR-150-5p expression was determined by gRT-PCR. (F-1)
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+ miR-150-5p mimic (+), and at 24 h after transfection, cell proliferation was determined by CCK-8 assay (F), cell migration was determined
by Transwell migration assay (G), the expression of PCNA and a-SMA was determined by qRT-PCR (H) and Western blot assay (I). N = 3.
Significant differences between treatment groups and control group were shown as *P < .05, **P < .01 and ***P < .001

mutant one (Figure 5C), while miR-150-5p knockdown increased
the luciferase activity of the reporter vector with wild-type VEGFA
3'UTR, but not the mutant one (Figure 5C). Similar findings were
observed for reporter vectors containing wild-type/mutant FGF1
3'UTR (Figure 5D). The gRT-PCR and Western blot assays showed
that miR-150-5p overexpression suppressed both VEGFA and FGF1
expression (Figure 5E-H), while miR-150-5p knockdown increased
both VEGFA and FGF1 expression in HASMCs (Figure 5E-H). In
addition, transfection with pcDNA3.1-TNK2-AS1 or pcDNAS3.1-
VEGFA up-regulated VEGFA expression in HASMCs (Figure 5I-L).
Similarly, transfection with pcDNA3.1-TNK2-AS1 or pcDNA3.1-
FGF1 also up-regulated FGF1 expression in HASMCs (Figure 5M-P).
The in vitro rescue assays further showed that miR-150-5p over-
expression suppressed cell proliferation and migration, and also
down-regulated PCNA and a-SMA expression in HASMCs, while
VEGFA overexpression and FGF1 overexpression both significantly
attenuated the inhibitory actions of miR-150-5p mimic transfection
in HASMCs (Figure 5Q-T).

3.6 | TNK2-AS1 regulated cell proliferation and
migration via targeting VEGFA and FGF1 in ox-LDL-
treated HASMCs

Furthermore, ox-LDL (100 ug/mL) up-regulated VEGFA expression
in HASMCs, and transfection with TNK2-AS1 siRNA down-regu-
lated VEGFA expression in ox-LDL-treated HASMCs (Figure 6A-B).
Similar findings were also found for the expression of FGF1
(Figure 6C-D). The rescue experiments showed that knockdown of
TNK2-AS1 decreased cell proliferative and migratory abilities, and
also suppressed the PCNA and a-SMA expression in ox-LDL-treated
HASMCs (Figure 6E-H). The transfection with pcDNA3.1-VEGFA
and the transfection with FGF1 both attenuated the inhibitory ef-
fects of TNK2-AS1 knockdown on cell proliferation and migration of
ox-LDL-treated HASMCs (Figure 6E-H). On the other hand, transec-
tion with VEGFA siRNA and FGF1 siRNA, respectively, suppressed
the VEGFA and FGF1 expression in HASMCs (Figure S2a-d). In vitro
functional assays showed that the enhanced effects of TNK2-AS1
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shown as *P < .05, **P < .01 and ***P < .001

overexpression on HASMC proliferation and migration were attenu-
ated by the knockdown of VEGFA and FGF1 (Figure S2e-f).

4 | DISCUSSION

Various studies have demonstrated that hyper-proliferation and
enhanced migration of VSMCs contributed to the pathogenesis of
atherosclerosis,*¢ and finding novel targets that repress VSMC pro-
liferation and migration may represent an effective strategy for al-
leviating atherosclerosis. In the present study, we found that ox-LDL,
a well-documented risk contributor for atherosclerosis,*> promoted
HASMC proliferation and migration, and the enhanced proliferation
and migration in ox-LDL-treated HASMCs was accompanied by the
up-regulation of TNK2-AS1. In vitro functional studies showed that
TNK2-AS1 knockdown suppressed cell proliferation and migration

of ox-LDL-stimulated HASMCs, while TNK2-AS1 overexpression en-
hanced HASMC proliferation and migration. Additionally, TNK2-AS1
was found to inversely regulate miR-150-5p expression via acting as
a competing endogenous RNA (ceRNA), and the enhanced effects
of TNK2-AS1 overexpression on HASMC proliferation and migra-
tion were attenuated by miR-150-5p overexpression. Moreover,
miR-150-5p could target the 3'UTRs of VEGFA and FGF1 to regu-
late VEGFA and FGF1 expression in HASMCs, and the inhibitory ef-
fects of miR-150-5p overexpression in ox-LDL-stimulated HASMCs
were attenuated by enforced expression of VEGFA and FGF1.
Consistently, enforced expression of VEGFA and FGF1 also partially
restored the suppressed cell proliferation and migration induced
by TNK2-AS1 knockdown in ox-LDL-stimulated HASMCs; while
knockdown of VEGFA and FGF1 both significantly attenuated the
enhanced effects of TNK2-AS1 up-regulation on HASMC prolifera-
tion and migration. Collectively, our findings showed the potential
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role of TNK2-AS1 in regulating cell proliferation and migration in the
ox-LDL-stimulated cellular model of atherosclerosis.

The role of IncRNA in regulating cell proliferation and mi-
gration in ox-LDL-stimulated cellular model of atherosclerosis
has been reported in various studies so far. The IncRNA HOXC
antisense RNA 1 suppressed the accumulation of cholesterol in-
duced by ox-LDL in macrophages via up-regulating homeobox
C6 expression.”” The IncRNA growth arrest specific 5 from exo-
somes was increased in ox-LDL-stimulated endothelial cells and
in atherosclerotic tissues from patients and promoted endothe-
lial cell apoptosis.® The IncRNA myocardial infarction associated
transcript (MIAT) was up-regulated in the serum of the atheroscle-
rotic patients and the ox-LDL-treated HASMCs, and IncRNA MIAT
overexpression promoted HASMCs proliferation and hindered cell
apoptosis via modulating miR-181b/STAT3 axis.!? Additionally, In-
cRNA H19 was increased in the serum of atherosclerotic patients
and the ox-LDL-stimulated HASMCs, and H19 knockdown inhib-
ited cell proliferation and induced cell apoptosis in ox-LDL-stimu-
lated HASMCs via miR-148/B-catenin axis.2° Recently, the IncRNA
maternally expressed 8 (MEG8) was identified to be down-regu-
lated in ox-LDL-stimulated VSMCs and enhanced MEG8 expres-
sion suppressed VSMC proliferation and migration via regulating
miR-181a/PPAR« signalling pathways.?! In our data, we showed
that the up-regulation of TNK2-AS1 in the ox-LDL-stimulated
HASMCs and enhanced TNK2-AS1 expression promoted HASMC
proliferation and migration, while TNK2-AS1 knockdown inhibited
ox-LDL-stimulated HASMC proliferation and migration, suggest-
ing that TNK2-AS1 exerts enhanced effects on HASMC prolifera-
tion and migration.

To further elaborate the role of TNK2-AS1 in HASMC pro-
liferation and migration, we examined if TNK2-AS1 could act as

ceRNA. LncBase Predicted V2.0 software predicted many poten-
tial targets of TNK2-AS1 and miR-150-5p was further selected
for investigation, as miR-150-5p was reported to suppress cell
proliferation and migration in various types of cancers.??% In
the cardiovascular research, miR-150-5p inhibited the endothelial
proliferation, migration and tube formation.?* MiR-150-5p also ex-
erted inhibitory effects on the proliferation and migration of pul-
monary arterial smooth muscle cells under hypoxic conditions.?®
On the other hand, in vivo animal studies miR-150 knockout mice
showed the reduced atherosclerosis lesion size and inflammatory
response,? and secreted monocytic miR-150 enhanced endothe-
lial cell migration.27 These discrepancies may require further inves-
tigations. Our data showed that TNK2-AS1 repressed miR-150-5p
expression and enforced expression of miR-150-5p restored the
enhanced effects of TNK2-AS1 on HASMC proliferation and mi-
gration, indicating TNK2-AS1 regulated HASMC proliferation and
migration via acting as a ceRNA for miR-150-5p. Recent evidence
showed that miR-150 is closed related to mitochondrial functions
including glucose uptake, mitochondrial membrane potential and
redox potential.?® Thus, the involvement of TNK2-AS1/miR-150
axis in regulating mitochondrial functions of HASMCs may require
further studies.

MiRNAs exerted the functional actions via targeting the 3'UTR
of the genes, which subsequently repressed the targeted genes.
In order to find out the targeting genes of miR-150-5p, we used
TargetScan tool to do the prediction. Among these predicted
genes, we chose VEGFA and FGF1 for additional investigation.
Previous studies have shown that VEGFA exerted enhanced ef-
fects on the VSMC proliferation as well as differentiation.??3! In
terms of FGF1, inhibition of FGF1 suppressed VSMC prolifera-
tion and migration, while overexpressed FGF1 in VSMCs exerted
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enhanced effects on cell proliferation and migration.32¢ In our
study, miR-150-5p exerted suppressive effects on ox-LDL-induced
hyper-proliferation and migration of HASMCs, which were at-
tenuated by enforced expression of VEGFA and FGF1. More im-
portantly, TNK2-AS1 knockdown effects on ox-LDL-stimulated
HASMC proliferation and migration could be partially restored by
the enforced expression of VEGFA and FGF1. Collectively, these
data implied that the regulatory role of TNK2-AS1 in ox-LDL-stim-
ulated HASMCs may involve miR-150-5p/VEGFA/FGF1 signalling
pathways.

To summarize, our results showed that TNK2-AS1 was up-reg-
ulated in the ox-LDL-stimulated HASMC model of atherosclerosis.
Further findings showed that TNK2-AS1 showed enhanced effects
on HASMC proliferation and migration, and mechanistic studies
implied that TNK2-AS1 exerted its action in ox-LDL-stimulated
HASMCs via regulating VEGFA and FGF1 expression by acting as a
ceRNA for miR-150-5p. Our study suggested that targeting TNK2-
AS1/miR-150-5p/VEGFA/FGF1 axis may be effective in attenuating
atherosclerosis.
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