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Abstract. - OBJECTIVE: Atherosclerosis (AS),
with high risk of stroke or cerebrovascular dis-
ease, is one of the most common causes of death
worldwide. Increasing evidence shows that long
non-coding RNA (IncRNA) antisense non-coding
RNA in the INK4 locus (ANRIL) is related to ath-
erothrombotic stroke susceptibility and contrib-
utes to AS progression. However, the underlying
mechanism was not explained yet.

PATIENTS AND METHODS: Human aor-
ta vascular smooth muscle cells (HA-VSMCs)
and human umbilical vein endothelial cells (HU-
VECs) were treated with oxidized Low Densi-
ty Lipoprotein (ox-LDL) and considered as AS
cell models. Quantitative reverse transcriptase
PCR (qRT-PCR) and Western blotting were em-
ployed to investigate the mRNA and protein ex-
pression level, respectively. Microscopic exam-
ination through fluorescent in situ hybridization
(FISH) was used to determine the location of AN-
RIL. Cell proliferation and migration assays were
demonstrated to evaluate the functional role of
ANRIL in AS. Potential target of ANRIL was de-
termined using Luciferase reporter assay and
RNA immunoprecipitation (RIP).

RESULTS: ANRIL was upregulated and miR-
399-5p was down-regulated in both human ath-
erosclerotic plaques and ox-LDL-induced cells.
ANRIL was located in cytoplasm and promot-
ed cell proliferation and migration by sponging
miR-399-5p. Further analysis identified fibro-
blast growth factor receptor substrate 2 (FRS2)
as a direct target of miR-399-5p. Finally, RAS/
RAF/ERK signal pathway was proved to be in-
volved in the regulation of ANRIL on the pro-
gression of AS.

CONCLUSIONS: These results revealed the
underlying mechanism that ANRIL promoted AS
progression by sponging miR-399-5p and regu-
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lating RAS/RAF/ERK signal pathway, suggest-
ing that ANRIL might be a potential target for the
therapeutic strategy of AS.
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sion.

Introduction

Atherosclerosis (AS), a chronic inflammatory
disease, is characterized by formation of athero-
sclerotic plaques in the aorta wall'. As the most
common vasculopathy, AS could result in various
diseases such as coronary artery disease, stroke
or cerebrovascular disease’?, and is regarded as
the leading cause of disability and death in the
developed world*. Therefore, it is urgent to study
the molecular pathogenesis of AS and explore
effective therapeutic targets for AS treatment.
Among different pathological events for AS, the
migration and proliferation of endothelial cells
(ECs) and vascular smooth muscle cells (VSMCs)
are most commonly involved in the progression
of AS*®. In addition, an increase of low density
lipoprotein (LDL), particularly oxidized LDL (ox-
LDL), is considered as a significant and severe
pathogenic factor for the development of AS™.

Antisense non-coding RNA in the INK4 locus
(ANRIL) is a long non-coding RNA that is located
at chromosome 9p21.3°. Tt has been well investi-
gated that ANRIL demonstrates an oncogenic role
in the progression of non-small-cell lung cancer',
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esophageal squamous cell cancer'', nasopharyngeal
cancer'?, cervical cancer”, and nasopharyngeal
cancer'®. Recently, strong relationships between
chromosome 9p21.3 and cardiovascular disease
have been reported'>!”, and the role of ANRIL in
cardiovascular disease has been noted. Indeed,
ANRIL was proved to be correlated with coronary
heart disease'®!°. Moreover, ANRIL was related to
atherothrombotic stroke susceptibility in the Chi-
nese population?’, and showed to be expressed in
atheromatous vessels and vascular ECs?'. Although
ANRIL was found to be up-regulated in AS sam-
ples??, the underlying mechanism of ANRIL in the
regulation of AS is still unclear.

Generally, IncRNAs function in an intricate
way*>?4, as a competing endogenous RNAs (ceR-
NAs) to sponging miRNAs, and thus affect the
expression of target mRNA?*2%. Here, our pre-
liminary result indicated that ANRIL could bind
to miR-339-5p. MiR-339-5p functions as a tumor
suppressor gene in a variety of cancers, including
breast cancer?’, colorectal cancer?®, non-small cell
lung cancer®, hepatocellular carcinoma®’, and
ovarian cancer’'. Moreover, miR-339 could inhib-
it the proliferation of pulmonary artery smooth
muscle cells by targeting FGF signal pathway*.
However, the functional role of miR-339-5p in the
progression of AS is still unclear.

The aim of this study was to determine the
role of ANRIL in AS and explore the underly-

Table I. Demographic and clinical parameters of patients.

ing mechanism. HA-VSMCs and human um-
bilical vein endothelial cells (HUVECs) were
treated with oxidized Low Density Lipoprotein
(ox-LDL) and considered as AS cell models. Our
results suggested that IncRNA ANRIL regulates
cell proliferation and migration via sponging
miR-339-5p and regulating FRS2 expression in
atherosclerosis.

Patients and Methods

Total of 20 patients diagnosed pathologically
and clinically with AS were recruited from the
(cardiology) Department of Tongji Medical Col-
lege. This research was approved by the Ethics
Committee of Tongji Medical College. Athero-
sclerotic coronary tissues were collected from pa-
tients subjected to coronary endarterectomy and
bypass grafting due to occlusive AS. For the same
patients, internal mammary artery samples were
collected during bypass surgery and used as con-
trols. The demographic and clinical parameters of
patients were summarized in Table I.

Cell Culture

Human embryonic kidney 293T (HEK-293T)
cells, human aorta vascular smooth muscle cells
(HA-VSMCs), and human umbilical vein endo-
thelial cells (HUVECs) were purchased from

Patients, n. 20
Age, median (range) 59 (44-76)
Sex, male, n. (%) 15 (75%)
Smoking status

Yes, n (%) 14 (70%)
No, n (%) 6 (30%)
Medical history

Hyperlipidemia, n (%) 19 (95%)
Myocardial infarction, n (%) 10 (50%)
Diabetes mellitus, n (%) 9 (45%)
Hypertension, n (%) 17 (85%)
New York Heart Association (NYHA) Classification

Class 2, n (%) 10 (50%)
Class 3, n (%) 8 (40%)
Class 4, n (%) 2 (10%)
Coronary arteries stenosis

Right coronary artery, median (range) 75% (50-100)
Left anterior descending artery, median (range) 60% (40-80)
Circumflex artery, median (range) 65% (0-100)
Bypass (at least 1), n (%) 20 (100%)
Left ventricular ejection fraction, median (range) 40% (25-58)
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American Type Culture Collection (ATCC;
Manassas, VA, USA). The cells were cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM)
containing 10% fetal bovine serum (FBS; Gib-
co, Life Technologies, Carlsbad, CA, USA) at an
incubator with 37°C and 5% CO,. HA-VSMCs
and HUVEC:s cells with confluence of 80% were
treated with different concentration of ox-LDL
(0, 10, 25, 50 mg/L, Sigma-Aldrich, Saint Louis,
MO, USA) for 48 h.

RNA-Fluorescence In Situ Hybridization
(RNA-FISH)

To detect the intracellular location of ANRIL
in ox-LDL-induced HA-VSMCs and HUVEC:s,
the RNA-FISH procedure was performed as de-
scribed in Biosearch Technologies (https:/www.
biosearchtech.com; Petaluma, CA, USA). Cells
were firstly rinsed in PBS and fixed in 4% form-
aldehyde for 15 min at room temperature. Then,
the cells were incubated with 0.1% Triton X-100
on ice for 10 min. Fluorescence-conjugated AN-
RIL probes were hybridized with the samples for
5 h in the dark at 37°C. DAPI was used to stain
the nucleus. Laser scanning confocal microscopy
(Carl Zeiss, Jena, Germany) was utilized to visu-
alize the samples.

ORT-PCR

Sample RNAs were extracted from AS/healthy
samples or ox-LDL-induced VSMCs and HU-
VECs via TRIzol reagent (Invitrogen, Carls-
bad, CA, USA). MiRNAs were extracted using
miRcute miRNA isolation kit (Tiangen, Beijing,
China). The RNAs were then reverse transcribed
into cDNAs using miScript Reverse Transcrip-
tion kit (Qiagen, Hilden, Germany). cDNAs were
amplified by using SYBRI1 Premix Ex Tag™ II
(TaKaRa, Otsu, Shiga, Japan). U6 was used as an
internal reference and GAPDH as the endogenous
controls. Three technological replicates were used
to ensure the reliability. The primer sequences
were showed: ANRIL, 5-TTATGCTTTGCAG-
CACACTGG-3’ (forward) and 5’-GTTCTGC-
CACAGCTTTGATCT-3" (reverse); miR-339-5p,
5-GGGTCCCTGTCCTCCA-3* (forward) and
5-TGCGTGTCGTGGAGTC-3’ (reverse); FRS2,
5-GGCTGAGACTCGATCTGCTCCAA-3’ (for-
ward) and 5-GGCGCGAACCCCCAGACT-3’
(reverse); U6, 5-CTCGCTTCGGCAGCACA-3’
(forward) and 5’-AACGCTTCACGAATTTGC-
GT-3’ (reverse); GAPDH, 5’-TGTTCGTCATGG-
GTGTGAAC-3* (forward) and 5’-ATGGCATG-
GACTGTGGTCAT-3’ (reverse).
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Cell Viability Assay

100 uL 5 x 10° ox-LDL-induced VSMCs and
HUVECs in each group per well were cultured
in 96-well plates for 24 h and then were treated
with Anlotinib for another 24 h. CCK-8 assay
(Solarbio, Beijing, China) was utilized to estimate
cell viability, and calculated by means of spectro-
photometric plate reader (BioTek, Winooski, VT,
USA) at 450 nm. All the results were tested at
least three independent experiments.

Flow Cytometry

1x10* cells/well ox-LDL-induced VSMCs and
HUVECs were harvested and washed with PBS.
The cells were then fixed with 70% ethanol at 4°C
for at least 30 min. After washing with PBS, ri-
bonuclease (Abcam, Cambridge, MA, USA) was
added to the cells, and the propidium iodide (PI,
200 uL, Abcam, Cambridge, MA, USA) was used
to stain the cells. FACS flow cytometer (Attune,
Life Technologies, Darmstadt, Germany) was
used to analyze cell cycle.

Cell Migration Assay

In vitro wound healing assay was utilized to
assess the migration of ox-LDL-induced VSMCs
and HUVECs. 1x10° cells per well were seeded
into 6-well plates for 24 h. The wound gaps were
formed by gently scratching with a pipette. The
cells were then cultured in DMEM for another 24
h before calculating the wound width under an in-
verted microscope.

Luciferase Reporter Assay

The fragments of 3’UTR of ANRIL and FRS2
containing the binding site were amplified by PCR
and cloned into psi-CHECK™-2 vector (Promega,
Madison, W1, USA), respectively. 2x10° HEK-293T
cells per well were seeded in 48-well plates for 24
h. Cells were then transfected with psiCHECK-
™22-ANRIL or FRS2 3’UTR and psiCHECK-
™.2-mut-ANRIL or FRS2 3’'UTR in combination
with miR-339-5p mimics, inhibitor or the negative
control (80 nM; GenePharma, Shanghai, China)
by Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA). 48 h later, Luciferase activities were mea-
sured using the Dual-Luciferase Reporter Assay
System (Promega, Madison, W1, USA). Firefly Lu-
ciferase activity was normalized to Renilla Lucif-
erase activity for each group.

Plasmid Construction and Transfection
For ANRIL overexpression, the plasmid pcD-
NA™3 1 (Invitrogen, Carlsbad, CA, USA) was
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designed to construct pcDNA3.1-ANRIL. For
ANRIL knockdown, two small interfering RNAs
for ANRIL (si-ANRIL#1, si-ANRIL#2) and the
negative control (si-NC) were synthesized from
GenePharma. For transient pcDNA3.1-ANRIL,
siRNAs or miRNAs transfection, 3x10* ox-LDL-
induced VSMCs and HUVECs cells per well
were seeded in 12-well plates for 24 h in culture
medium. The cells were then transfected with
200 nM pcDNA3.1I-ANRIL, siRNAs or miR-
NAs by Lipofectamine 2000.

RNA Immunoprecipitation (RIP)

Ox-LDL-induced VSMCs and HUVECs cells
transfected with pcDNA3.1-ANRIL were collect-
ed and lysed, and then incubated with protein G
Sepharose beads (GE Healthcare, Eindhoven, The
Netherlands) coated with anti-AGO2 antibody
(Abcam, Cambridge, MA, USA) at 4°C overnight,
and anti-IgG antibody was used as the negative
control. RNA was then isolated for qRT-PCR as
mentioned before.

Western Blot

Cultured or transfected ox-LDL-induced
VSMCs and HUVECs were harvested and lysed
in RIPA buffer (KeyGen, Nanjing, China). Protein
lysates were loaded onto 10% sulphate-polyacryl-
amide gel electrophoresis (SDS-PAGE), and then
transferred to polyvinylidene difluoride (PVDF)
membrane. The membrane was blocked in PBS-T
with 5% bovine serum albumin (BSA) for 2 h.
PVDF membranes were then probed with rabbit
anti-FRS2 monoclonal antibody (1:800, Abcam,
Cambridge, MA, USA), Ras, Raf, p-Raf, ERK1/2,
p-ERK1/2 monoclonal antibody (1:1000, Abcam,
Cambridge, MA, USA), B-actin (1:2000, Abcam,
Cambridge, MA, USA) overnight at 4°C. The
PVDF membrane was washed with TBST (10 min
x 3 times) and labeled with horseradish peroxidase
(HRP)-conjugated secondary antibodies (1:5000;
Abcam, Cambridge, MA, USA) for 1 h. Immuno-
reactivities were detected by enhanced chemilumi-
nescence (ECL; KeyGen, Nanjing, China). B-actin
was used as a control.

Statistical Analysis

All results were expressed as mean = SEM of at
least 3 independent experiments. GraphPad Prism
software (GraphPad Prism Software Inc., San Di-
ego, CA, USA) and one-way analysis of variance
(ANOVA) were used for statistical analyses. p <
0.05, p <0.01 or p <0.001 were considered as sta-
tistically significant.

Results

Negative Relationship Between ANRIL
Expression and MiR-339-5p Level in AS
Patients and ox-LDL- Induced VSMCs
and HUVECs

To identify the functional role of ANRIL and
miR-339-5p in the progression of AS, qRT-PCR
analysis was performed in human atherosclerot-
ic plaques and ox-LDL-induced HA-VSMCs and
HUVECs. As showed in Figure 1A, ANRIL was
significantly up-regulated in human atherosclerotic
plaques (AS) compared to non-atherosclerotic arter-
ies (Normal) (n=20, p < 0.001), while miR-339-5p
was down-regulated in AS group (Figure 1B). The
correlation analysis suggested a negative correlation
between ANRIL expression and miR-339-5p level
(Figure 1C). Moreover, in ox-LDL-induced VSMCs
and HUVEC:s, the expression of ANRIL was mark-
edly induced by ox-LDL treatment in a dose- and
time-dependent manner (Figure 1D, E). On the con-
trary, the expression of miR-339-5p in HA-VSMCs
and HUVECs was significantly inhibited by ox-LDL
treatment in a dose- and time-dependent manner
(Figure 1F-1G). These results indicated that ANRIL
was up-regulated and miR-339-5p was down-regu-
lated both in in vivo and in vitro.

According to RNA-fluorescence in situ hybrid-
ization (RNA-FISH) assay, we discovered that
ANRIL was located in the cytoplasm of VSMCs
and HUVECs (Figure 1H), and 50 pg/mL of ox-
LDL treatment induced the expression of ANRIL
(Figure 1H). Furthermore, CCK-8 assay showed
that 50 pg/mL of ox-LDL treatment increased the
viability of VSMCs and HUVECs (Figure 11), and
wound healing assay detected ox-LDL treatment
promoted the migration of VSMCs and HUVECs
(Figure 1J).

ANRIL Directly Bind to MiR-339-5p and
Negatively Regulated its Expression
Emerging evidence has shown that IncRNA is
a molecular sponge that modulates the expression
and function of miRNAs. The StarBase (http:/
starbase.sysu.edu.cn/) analysis predicted ANRIL
may harbor potential binding sites to miR-339-5p
(Figure 2A). RIP analysis demonstrated a strong
enrichment of miR-339-5p in both ox-LDL-in-
duced VSMCs (Figure 2B) and HUVECs (Figure
2C) that transfected with ANRIL overexpression
vector, pcDNA-ANRIL. Moreover, Luciferase
reporter assay showed that miR-339-5p mimics
dramatically decreased the Luciferase activity
of reporter gene with wild-type ANRIL 3’UTR
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Figure 1. Negative relation between ANRIL and miR-
339-5p in AS patients and ox-LDL-induced VSMCs and
HUVECs. A, QRT-PCR analysis of ANRIL in human ath-
erosclerotic plaques (AS) and normal healthy people (Nor-
mal). *** AS vs. Normal, p < 0.001. B, QRT-PCR analysis
of miR-339-5p in human atherosclerotic plaques (AS) and
normal healthy people (Normal). *** AS vs. Normal, p <
0.001. C, Negative correlation between ANRIL and miR-339-
5p. D, QRT-PCR analysis of ANRIL in different concentration
of ox-LDL-induced HA-VSMCs and HUVECs. *, #% %%
10, 20, 50 pg/mL vs. 0 pg/mL, p < 0.05, p < 0.01, p < 0.001.

E, QRT-PCR analysis of ANRIL in different treatment time of 50 pg/MI ox-LDL-induced HA-VSMCs and HUVECs. *, *% *** 48 36,24 h vs. 0 h, p <0.05, p <0.01, p <0.001. F, QRT-PCR
analysis of miR-339-5p in different concentration of ox-LDL-induced HA-VSMCs and HUVECs. *, ** **%* 10, 20, 50 pg/mL vs. 0 pg/mL, p <0.05, p <0.01, p <0.001. G, QRT-PCR analysis
of miR-339-5p in different treatment time of 50 pg/mL ox-LDL-induced HA-VSMCs and HUVECs. *, ** *** 48 36, 24 h vs. 0 h, p <0.05, p <0.01, p <0.001. H, RNA-FISH detect the ex-
pression and location of ANRIL in VSMCs and HUVECs (magnification x 400). I, Ox-LDL treatment increased the cell viability of ox-LDL induced VSMCs and HUVECs. ** 50 pg/mL vs.
0 pg/mL, p <0.01. J, Ox-LDL treatment promoted migration of ox-LDL induced VSMCs and HUVECs (Scan Bar 100 um). **, *** 50 ug/mL vs. 0 ug/mL, p <0.01, p <0.001.
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Figure 2. ANRIL directly bind with and negatively regulated expression of miR-339-5p. A, Potential binding site for miR-339-
Sp in ANRIL. B, RIP assay demonstrated a strong enrichment of miR-339-5p by ANRIL over-expression in ox-LDL-induced
VSMCs. C, RIP assay demonstrated a strong enrichment of miR-339-5p by ANRIL over-expression in ox-LDL-induced HU-
VECs. *** Ago2 vs. IgG, p < 0.001. D, Luciferase reporter assay of miR-339-5p mimics (miR-339-5p), miR-339-5p inhibitor
(miR-339-5p-inh) and their negative control with wild-type or mutant ANRIL. ***miR-339-5p vs. miR-NC, p < 0.001. **
miR-339-5p-inh vs. miR-inh, p <0.01. E, Transfection efficiency of pcDNA-ANRIL (ANRIL) or si-ANRIL #1/#2 were detect-
ed via qRT-PCR in ox-LDL induced VSMCs and HUVECs. *** ANRIL vs. Con or siANRIL vs. si-NC, p < 0.001. F, Effect of
pcDNA-ANRIL (ANRIL) or si-ANRIL #1/#2 on the expression of miR-339-5p in ox-LDL induced VSMCs and HUVECs. ***

ANRIL vs. Con or siANRIL vs. si-NC, p <0.001.

compared with negative control (p < 0.001), while
miR-339-5p inhibitor increased the Luciferase ac-
tivity (Figure 2D). These investigations indicated
ANRIL could directly bind to miR-339-5p.

Afterwards, pcDNA-ANRIL was transfected
into VSMCs, and HUCECs were transfected with
si-ANRIL #1/#2, and the transfection efficiency was
confirmed by qRT-PCR (Figure 2E). Particularly,
the expression of ANRIL was lower in HUCECs
that transfected with si-ANRIL #1 as compared to
that transfected with si-ANRIL #2 and was thus se-
lected for the following experiments and named as
si-ANRIL. Additionally, qRT-PCR analysis con-
firmed that ANRIL over-expression significantly
down-regulated miR-339-5p expression (Figure
2F), and ANRIL knockdown markedly increased
miR-339-5p expression (Figure 2F). These findings
showed that ANRIL negatively regulated miR-339-
Sp expression.

ANRIL Promoted the Proliferation and
Migration of ox-LDL-Induced VSMCs and
HUVECs Through Targeting MiR-339-5p
To determine whether miR-339-5p was in-
volved in the functional role of ANRIL in AS,

miR-339-5p mimics or inhibitor was transfected
into VSMCs and HUVEC:s, respectively (Figure
3A). Of note, miR-339-5p mimics significantly
reversed the ANRIL over-expression induced
enhancement in viability in ox-LDL-induced
VSMCs (Figure 3B). Inversely, si-ANRIL in-
creased the suppressed cell viability by miR-
339-5p inhibitor in ox-LDL-induced HUVECs
(Figure 3B). Flow cytometry demonstrated that
ANRIL over-expression decreased the percent-
age of ox-LDL-induced VSMCs in Gl phrase
and increased the percentage of ox-LDL-induced
VSMCs in S phrase, but miR-339-5p mimics
markedly reversed these results (Figure 3C).
ANRIL knockdown suppressed the cell cycle at
Gl phase and miR-339-5p inhibitor reversed its
inhibitive effect on ox-LDL-induced HUVECs
(Figure 3C). Furthermore, wound healing as-
say confirmed the simulative role of ANRIL in
the migration of ox-LDL-induced VSMCs was
significantly attenuated by miR-339-5p mim-
ics (Figure 3D). Similarly, the inhibitive role of
si-ANRIL in the migration of ox-LDL-induced
HUVECs was also markedly attenuated by miR-
339-5p inhibitor (Figure 3D).
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Figure 3. ANRIL promoted the proliferation and migration of ox-LDL-induced VSMCs and HUVECs through targeting miR-339-5p. A, Transfection efficiency of miR-339-5p
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ANRIL Regulated the Expression of FRS2
Via MiR-339-5p

During FGF signal transduction, fibroblast
growth factor receptor substrate 2 (FRS2) is a key
adaptive protein to regulate the growth, migration,
and phenotypic plasticity of VSMCs*. Besides,
FRS2 was predicted as a downstream mRNA
for miR-339-5p via Targetscan (http:/www.tar-
getscan.org/mamm_31/) (Figure 4A). Luciferase
reporter assay confirmed that miR-339-5p could
bind to FRS2. Briefly, miR-339-5p mimics signifi-
cantly decreased the Luciferase activity of report-
er gene with wild-type FRS2 3’UTR compared
to negative control, but the Luciferase activity
was increased after pcDNA-ANRIL transfection
(Figure 4B). Nevertheless, the regulatory effect
of miR-455-3p mimics and pcDNA-ANRIL was
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inhibited when the predicted miR-339-5p-binding
site in 3’UTR of FRS2 was mutated (Figure 4B).
The results also showed that ox-LDL treatment
significantly increased the mRNA and protein ex-
pression of FRS2 in VSMCs (Figure 4C, D). Be-
sides, in ox-LDL-induced VSMCs, over-expres-
sion of ANRIL promoted the mRNA and protein
expression level of FRS2, but miR-339-5p mimics
decreased the mRNA and protein expression of
FRS2 (Figure 4C, D). Similarly, ox-LDL treat-
ment also increased the mRNA and protein ex-
pression of FRS2 in HUVECs (Figure 4C, D). In
ox-LDL-induced HUVECs, ANRIL knockdown
decreased the mRNA and protein expression of
FRS2 and miR-339-5p inhibitor showed contrary
results (Figure 4C, D). In general, these findings
revealed that ANRIL act as a molecular sponge
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of miR-339-5p, and regulated FRS2 expression in
ox-LDL-induced VSMCs and HUVEC:s.

ANRIL Promoted Proliferation and
Migration of ox-LDL-Induced VSMCs
and HUVECs Via RAS/RAF/ERK Signaling
Pathway

It is well established that activation of RAS/
RAF/ERK signaling pathway is involved in the
proliferation and migration of VSMCs***, thus
we detected whether ANRIL could regulate RAS/
RAF/ERK signaling pathway. Manumycin A and
SCH772984 (an ERK inhibitor) were used to in-
hibit the downstream respective receptor of RAS/
RAF/ERK signaling pathway. As shown in Fig-
ure 5, over-expression of ANRIL increased the
expression of FRS2, Ras, Raf, p-Raf, ERK 1/2,
p-ERK 1/2, as well as the ratio of p-Raf/Raf and
p-ERK 1/2/ERK 1/2, suggesting the activation
of RAS/RAF/ERK pathway. Manumycin A or
SCH772984 treatment decreased the expression
of Ras, the ratio of p-Raf/Raf and p-ERK 1/2/
ERK 1/2, demonstrating an inhibitory effect on
the signal pathway (Figure 5). Moreover, knock-
down of ANRIL in ox-LDL-induced HUVECs
not only decreased FRS2 expression, but also de-
creased the expression of Ras, Raf, p-Raf, ERK
1/2, p-ERK 1/2, as well as the ratio of p-Raf/Raf
and p-ERK 1/2/ERK 1/2 (Figure 5). These results
indicated that the effect of ANRIL on inducing
RAS/RAF/ERK signaling pathway may be par-
tially due to its inhibitive effects on the expres-
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sion of FRS2, thus influenced the proliferation
and migration of ox-LDL-induced VSMCs and
HUVECs.

Discussion

It has been well-known that a large number of
IncRNAs and miRNAs were highly expressed
in cerebrovascular endothelium®-, serving as
critical mediators to regulate cerebral vascular
function and finally mediate cerebrovascular dis-
ease™*’. Zhang et al*' have suggested that ANRIL
was closely associated with AS and considered as
a novel marker for atherothrombotic stroke. AN-
RIL transcripts were significantly up-regulated
in human atherosclerotic plaque tissues*. Loss of
function via siRNAs targeting ANRIL regulated
the genes correlated with cell proliferation and ex-
tra-cellular matrix remodeling to finally affect ath-
erogenic pathways*. Although ANRIL was shown
to contribute to the risk of ischemic stroke*, and
bind with polycomb repression complex-1 (PRC-1)
and PRC-2%¢ to regulate cellular life span, the de-
tailed functional role of ANRIL in the pathogene-
sis of AS remains under-investigated. We provide
evidence that ANRIL acts as a miR-339-5p sponge
and molecular regulator of FRS2 and RAS/RAF/
ERK signaling pathway, which consequently par-
ticipates in the progression of AS.

We firstly demonstrated up-regulation of AN-
RIL in AS patient, showing its potential role in
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the progression of AS. Ox-LDL could induce AS
by promoting ECs dysfunction and modulating
VSMCs behavior*”#¥. VSMC is not only a major
cell type in blood vessels, but also considered as
an essential component of vascular system*-°.
Therefore, ox-LDL-induced HA-VSMCs and HU-
VECs are widely used as in vitro cell models of
AS. Here, ANRIL was also up-regulated in the in
vitro cell models of AS.

Abnormal proliferation and migration of
VSMCs could affect blood pressure, and play
an important role in arterial wall remodelling to
keep blood flow in AS-affected vessels®' . There-
fore, suppressing proliferation and migration of
VSMC is recognized as a key therapeutic strat-
egy for ameliorating AS. Knockdown of IncRNA
homeoboxAll antisense RNA (HOXAI11-AS)
could inhibit the proliferation and migration of
VSMCs, which was beneficial for AS**. LncRNA
TUGI was closely related to the progression of
AS via promoting proliferation of VSMCs, and
knockdown of TUGI inhibited proliferation of
VSMCs™®. In the present study, ox-LDL treat-
ment induced cell viability and migration of HA-
VSMCs and HUVECs. ANRIL over-expression
promoted proliferation and migration of ox-LDL-
induced HA-VSMCs and HUVECs, and knock-
down of ANRIL lead to completely inverse re-
sults. Consistently, previous researches®*>” found
that ANRIL overexpression induced proliferation
of VSMCs via NF-kB signaling pathways. AN-
RIL was shown to induce proliferation and inhib-
it apoptosis of human coronary endothelial cells
(HCAECs) and HUVECs in a miR-181b-depen-
dent manner in coronary artery disease®™. The
following Luciferase assay, RIP and qRT-PCR as-
says confirmed that ANRIL could negatively reg-
ulate miR-339-5p expression. Functional assays
also showed that ANRIL knockdown-mediated
anti-migration and anti-proliferation effects were
suppressed via miR-339-5p inhibitor in ox-LDL
induced HA-VSMCs and HUVECs.

FRS2 was characterized as a potential tar-
get of miR-339-5p, confirmed by the subsequent
Luciferase assay. In pulmonary artery smooth
muscle cell, FRS2 was determined as a target
of miR-339, and miR-339 inhibited cell prolifer-
ation via FGF signaling pathway*. We revealed
that ANRIL functioned as a molecular sponge
of miR-339-5p to consequently increase FRS2
expression in ox-LDL induced HA-VSMCs and
HUVECs. Through the N-terminal phosphotyro-
sine-binding domain, FRS2 binds to FGFR, and
subsequently activate downstream RAS/RAF/

ERK signaling pathway to regulate cell prolif-
eration”. Moreover, RAS/RAF/ERK signaling
has been shown as important regulating pathway
in cardiovascular health and disease®’, and acti-
vation of RAS/RAF/ERK is involved in AS by
inducing senescence of VSMCs and secretion of
proinflammatory cytokines®. Some studies®**
also showed that disruption of RAS/RAF/ERK
pathway resulted in the suppression of coronary
artery endothelial tube formation and inhibition
of VSMCs proliferation. Therefore, the effects of
ANRIL/miR-339-5p on the expressions of RAS/
RAF/ERK pathway-related genes (RAS, RAF,
p-RAF, ERK1/2, p-ERK1/2) were measured in
ox-LDL induced HA-VSMCs and HUVECs.
Results showed that over-expression of ANRIL
blocked miR-339-5p expression, and miR-339-5p
down-regulation activated RAS/RAF/ERK sig-
naling pathway. Besides, the induced role of an-
ti-miR-339-5p on RAS/RAF/ERK signaling path-
way was abolished by ANRIL knockdown, thus
inhibiting proliferation and migration of ox-LDL-
induced VSMCs and HUVECs.

In addition to the linear structure of ANRIL,
circular non-coding RNA ANRIL (cANRIL) has
also been confirmed to regulate AS via modu-
lation of ribosomal RNA maturation® and in-
flammatory response of vascular ECs’. Notably,
cANRIL showed a protective effect on ASY, just
the opposite to linear ANRIL. Moreover, macro-
phages that accumulate in atherosclerotic plaques
appear to have a diminished capacity to migrate,
which participate in the inflammatory process
and play a key role in the pathogenesis of AS%-6.
Otherwise, the effect of ANRIL on AS is not only
involved in cell proliferation and migration, but
also it may be related to the inflammatory pro-
cess’’. Therefore, due to different transcripts of
ANRIL and complicated pathogenesis of AS, the
effect of ANRIL on macrophages and inflamma-
tion, along with the detailed underlying molecular
mechanisms, need to be further explored. More-
over, further analysis on the effects of ANRIL on
regulating AS is still indispensable to be investi-
gated in animal models.

Conclusions

The above data demonstrated that IncRNA AN-
RIL knockdown inhibited proliferation and migra-
tion of ox-LDL induced HA-VSMCs and HUVECs
by sponging miR-339-5p and inactivating the
RAS/RAF/ERK signaling pathway. These finding
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illuminated the relation between ANRIL/miR-339-
5p/FRS2 regulatory axis and ox-LDL-induced HA-
VSMCs and HUVECs progression, suggesting po-
tential application of ANRIL in AS treatment.
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