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LncRNA ENSTO00113 promotes proliferation,
survival, and migration by activating PISK/Akt/

MTOR signaling pathway in atherosclerosis
Xinliang Yao, MD, Chengyun Yan, MD, Lei Zhang, MD, Yanming Li, MD, Qilin Wan, MD, PhD"

Abstract BN
Background: Atherosclerosis is one of the most common cardiovascular disorders. The dysfunction of vascular smooth muscle |
cells (VSMCs) and endothelial cells (ECs) are 2 key factors in the formation of atherosclerosis. This study aims to find strategies to
prevent VSMCs and ECs dysfunction for the treatment of atherosclerosis.

Methods: \We investigated the expression patterns of long noncoding RNAs (IncRNAs) in 2 pairs of serum samples from both
atherosclerosis patients and healthy volunteers through microarray analysis. Then we selected the most up-regulated IncRNA
ENAST00113 (IncO0113) to further verify its roles in atherosclerosis. VSMCs, and human umbilical vein endothelial cells (HUVECS)
transfected with small interfering RNA (siRNAs) (si-00113-1, si-00113-1) and a negative control (si-NC) were cultured. MTT assay,
Caspase 3 enzyme-linked immunosorbent assay (ELISA) assay, and wound healing assay were performed to evaluate whether
Inc00113 had an effect on proliferation, apoptosis, and migration ability. Further, the correlation between IncO0113 and PISK/Akt/
mTOR signaling pathway was explored.

Results: Microarray results indicated that 243 IncRNAs were up-regulated and 187 IncRNAs were down-regulated. Therefore, we
chose the most up-regulated INcRNA ENST (IncO0113) to further explore its roles in atherosclerosis. Real-time polymerase chain
reaction (RT-gPCR) results showed that the expression of IncO0113 was highly increased in atherosclerosis patients. In vitro
experiment demonstrated that IncO0113 down-regulation significantly suppressed VSMCs and HUVECs proliferation, survival, and
migration. Furthermore, we found that the protein expressions of phosphorylated-PI3K (p-PI3K), phosphorylated-Akt (p-Akt),
phosphorylated-mTOR (p-mTOR), and bcl-2 in HUVECs cells transfected with si-00113-1 or si-00113-2 were dramatically
decreased compared with si-NC-transfected cells and control cells. However, the total- PISK (t-PI3K), total-Akt (t-Akt), and total-
mTOR (t-mTOR) protein expressions were not changed, indicating that IncO0113 could activate PISK/Akt/mTOR signaling pathway
in atherosclerosis.

Conclusions: This finding identified an important role of IncO01 13 in VSMCs and HUVECs that promotes cell proliferation, survival,
and migration by activating PISK/Akt/mTOR signaling pathway, which could probably serve as a promising therapeutic target for
atherosclerosis.

Abbreviations: BCA = bicinchoninic acid assay, Bvht = braveheart, Ct = cycle threshold, ECL = electrochemiluminescence, ECs
= endothelial cells, HOXC6 = homeobox C6, HOXC-AS1 = HOXC cluster antisense RNA 1, HRP = horseradish peroxidase, HUVECs
= human umbilical vein endothelial cellslinc, INcRNAs = long noncoding RNAs, miRNAs = microRNAs, MTT = 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide, ncRNAs = noncoding RNAs, OD = optical density, oxLLDL = low-density lipoprotein, p-Akt =
phosphorylated-Akt, piRNAs = piwi-interacting RNA, p-mTOR = phosphorylated-mTOR, p-PI3K = phosphorylated-PI3K, RNAs =
long intergenic noncoding RNAs, RT-gPCR = real-time polymerase chain reaction, SD = standard deviation, SDS = sodium dodecy!
sulfate, SDS-PAGE = sodium dodecyl sulfate polyacrylamide gel electrophoresis, siRNAs = small interfering RNA, TBST = tris-HCI
buffer solution-Tween, TNA-a = tumor necrosis factor a, VSMCs = vascular smooth muscle cells.
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1. Introduction

As one of the major causes of mortality and morbidity,
atherosclerosis is one of the most common cardiovascular
disorders at present, even though both basic and clinical
researches have made great progress on it."!! Atherosclerosis is
a clinical symptom that causes narrowing of the interior of an
artery due to plaque accumulation. Several serious risk factors,
such as excessive drinking, smoking, eating disorder, lack of
exercises, and obesity, may promote the development and
progression of cardiovascular disease and premature death.
Atherosclerosis can be activated by dysfunction of endothelial
cells (ECs) and vascular smooth muscle cells (VSMCs),
proinflammatory cytokines produced by macrophages such as
interleukin (IL)-6 and tumor necrosis factor alpha (TNF-a),
etc.!**1 ECs and VSMCs dysfunction include inappropriate cell
apoptosis, proliferation, migration, and abnormal expression of
adhesion molecule proteins. Endothelial dysfunction is consid-
ered an early sign of atherosclerosis before angiographic or
ultrasound evidence of atherosclerotic plaques.”*! VSMCs are
activated and regain their hyperproliferative properties under
certain pathological conditions by thickening and hardening the
arterial wall. Thus, VSMCs plays a pivotal role in the
development and eventual rupture of atherosclerotic plaques in
this process,’®! and finding strategies to prevent dysfunction of
ECs and VSMCs is important for the treatment of atherosclerosis.

Over 90% of the human genome is transcribed, however
protein-coding genes only account for less than 2% of the human
genome.[*! The majority of transcripts are noncoding RNAs
(ncRNAs) including the well-known microRNAs (miRNAs), the
newly studied snRNAs, piwi-interacting RNA (piRNAs), small
interfering RNA (siRNAs), as well as long noncoding RNAs
(IncRNAs)."%" IncRNAs is also known as long intergenic
noncoding RNAs (lincRNAs) with transcripts longer than 200
nucleotides.">?! Once IncRNAs were thought to have no
function, but accumulating evidence has demonstrated that
IncRNA could take part in various biological and pathological
processes like carcinogenesis and chronic diseases.!'>! Therefore,
understanding the role of IncRNAs in atherosclerosis may
provide novel and effective therapeutic methods for atheroscle-
rosis.

Recent study suggests that several noncoding RNAs are
involved the development and progression in atherosclerosis.
Investigators described the mechanistic role of miRNAs in the
regulation of the pathophysiology of important cardiovascular
processes including atherosclerosis, angiogenesis, and in-stent
restenosis after angioplasty.!'3! The specific role of miR-143/145
and miR-126, major regulators of ECs and VSMCs function, has
been further investigated. Investigators found a prototype of
heart-related mouse IncRNA braveheart (Bvht) and Bvht essential
for the maintenance of cardiomyocyte fate."*! According to 1
study, IncRNA-HOXC cluster antisense RNA 1 (HOXC-AS1) is
significantly down-regulated expression in atherosclerosis. The
results show that IncRNA-HOXC-AS1 can suppress oxidized
low-density lipoprotein-induced cholesterol accumulation in
THP-1 macrophages by promoting homeobox C6 (HOXC6)
expression. This indicates that IncRNA HOXC-AS1 can be
perceived as a method of therapy for atherosclerosis.!'*! Previous
studies have shown that IncRNAs can be important regulators of
cell apoptosis, proliferation, and differentiation of ECs and
VSMCs.1¢7181 Although previous studies involved some non-
coding RNAs, the exact mechanisms of atherosclerosis and
IncRNAs were largely unknown until now. In the present study,
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we reported that a novel IncRNA ENST00113 (Inc00113) was
significantly up-regulated through microarray analysis. Then we
investigated the effect of Inc00113 on the cell apoptosis,
proliferation, and migration of VSMCs and ECs, and further
confirmed that the role of Inc00113 in atherosclerosis may be
through regulating the PI3K/Akt/mTOR signaling pathway in
vitro.

2. Materials and methods

2.1. Patients

After obtaining informed consent, we collected serum samples
from 32 patients with atherosclerosis and 24 healthy volunteers
from Department of Cardiology, Huaihe Hospital of Henan
University from May 2016 to December 2016. This study
population is clinical atherosclerosis, using the conventional
definition of a coronary diameter > 1.5 times the diameter of the
original caliber of the artery or the adjacent segment diameter,
and which is not localized (>20mm long and/or includes more
than one third of the arterial length). We excluded patients with
diabetes. All research protocol was approved by the Human
Ethics Committees of Henan University (IEC-T01(2.0)-2016-
RES-96).

2.2. Cell culture

Human umbilical vein endothelial cells (HUVECs) and VSMCs
were purchased from the Institute of Biochemistry Cell Biology
(Shanghai, China). The cells were cultured in DMEM (Hyclone,
South Logan, UT) with 1% penicillin/streptomycin (100 U/mL/
100mg/mL) (Beyotime, Beijing, China) and 10% fetal bovine
serum (FBS, Gibco, Grand Island, NY) in a humidified incubator
with 5% CO; and 95% air at 37°C.

2.3. Microarray analysis

Total RNA was extracted from 2 pairs of serum samples of both
atherosclerosis patients and healthy volunteers. Total RNA was
extracted and RNA quality was determined. Quick Amp
Labeling Kit, One-Color (Agilent p/n 5190-0442) was used to
carry out label reaction, then the labeled/amplified RNA was
purified and labeled cRNA quality was determined. Hybridiza-
tion was performed using Agilent Gene Expression Hybridization
Kit (Agilent p/n 5188-5242) according to the manufacturer’s
protocols and the microarray was washed. Agilent microarray
scanner (Agilent p/n G2565BA) was used and Agilent Feature
Extraction software (version 11.0.1.1) was used to extract data.
The microarray was performed by KangChen Biotech (Shanghai,
China). By comparing the normalized expression levels in
atherosclerosis and nonatherosclerosis serum samples, differen-
tially expressed IncRNAs with statistical significance (T/N or N/T
fold change > 1.5, P<.05) were identified with a paired ¢ test.

2.4. Small interfering RNA (siRNA) transfection

Lnc00113 siRNAs (si-00113-1, si-00113-1) and a negative
control (si-NC) were purchased from GenePharma (Shanghai,
China). si-00113-1, si-00113-2, and si-NC were transfected into
VSMCs and HUVEC:s cultured in 6-well plates using Lipofect-
amine 2000 (Invitrogen, Carlsbad, CA) following the manufac-
turer’s instructions. The control groups consist of 2 parts, 1 is the
cells transfected with siRNA si-NC, and the other is cells without
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Primer sequences of RT-gPCR.
Forward primer sequences

Reverse primer sequences

Gene 5-3) 5-3)

Lnc-00113  AGTCGCACATCCGATTCGAC ATCAGGCTCACGTCATCGAG
PI3K GAAGTTGCTCTACCCAGTGTCC  GATAGCCGTTCTTTCATTTGG
Akt ACTCATTCCAGACCCACGAC AGCCCGAAGTCCGTTATCTT
mTOR ACTGCTTTGAGGTCGCTATGA TTGCCTTTGGTATTTGTGTCC
bel-2 TGCGCTCAGCCCTGTG GGTAGCGACGAGAGAAGTCATC
GAPDH AGAGGCAGGGATGTTCTG GACTCATGACCACAGTCCATGC

bcl-2=B-cell lymphoma-2, GAPDH = glyceraldehyde-3-phosphate  dehydrogenase, mTOR=

mechanistic target of rapamycin, RT-gPCR = real-time polymerase chain reaction.

any siRNA-transfection. The knock-down effect of Inc00113 in
those cells was confirmed by real-time polymerase chain reaction
(PCR) before further analysis.

2.5. Total RNA extraction and quantitative real-time PCR

Total RNA was extracted using the RNAiso Plus (TAKARA,
Otsu, Shiga, Japan) and Trizol LS Reagent (TAKARA, Otsu,
Shiga, Japan) separately according to the manufacturer’s
instructions. Reverse transcription quantitative real-time poly-
merase chain reaction (RT-qPCR) was performed using Prime-
Script RT reagent Kit (TAKARA, Otsu, Shiga, Japan) following
the manufacturer’s protocol. Each sample was down in triplicate.
The mean cycle threshold (Ct) value of each target gene was
normalized against Ct value of glyceraldehyde-3-phosphate
dehydrogenase. The following formula; 2-(normalized average Ces) oo
10" was used to calculate using the relative expression of mMRNAs.
PrimerPremier5.0 software (Premier, Canada) was used to
design the QRT-PCR primers and the sequences were shown in
Table 1.

2.6. Protein extraction and western blot analysis

The VSMCs and HUVECs were grown in the 6-well plate. Total
proteins were extracted by radioimmunoprecipitation assay
buffer lysis buffer containing phenylmethanesulfonylfluoride
or phenylmethylsulfonyl fluorid (Beyotime, Beijing, China).
Bicinchoninic acid assay (BCA) assay was used to determine
supernatant protein levels. Then, sodium dodecyl sulfate (SDS)
loading buffer was added for 5 minutes denaturation at 95°C.
Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) was conducted before transferring membrane, followed
by the addition of 5% skim milk for closure overnight at 4°C.
After membrane washing with Tris-HCI buffer solution-Tween
(TBST), the primary antibodies including PI3K, Akt, mTOR,
phosphorylated-PI3K  (p-PI3K), phosphorylated-Akt (p-Akt)
phosphorylated-mTOR (p-mTOR), bcl-2, and internal reference
B-actin (all were purchased from CST Company, USA) were
added respectively and incubated overnight at 4°C. Then
membranes were washed with TBST and the marked secondary
antibody horseradish peroxidase (HRP) was added to incubate
for 1hour at room temperature. The protein bands were revealed
by electrochemiluminescence (ECL) method and imaged using a
BioSpectrum Gel Imaging System (Bio-Rad, Hercules, CA).

2.7. Cell proliferation assay

Cell proliferation was detected by 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay. VSMCs and
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HUVECs transfected with si-00113 and si-NC were seeded in
96-well culture plates and 20 wLL MTT solution (5 g/L) was added
to each tested well from 1st day to 5th day after cultivation. Then
cultivation was continued for another 4 hours at 37°C. After that,
culture solution was discarded and 20 uL. DMSO was added to
each tested well. A microtiter plate reader (Thermo Electron
Corporation, Vantaa, Finland) was used to detect the optical
density (OD) of each tested well.

2.8. Caspase 3 enzyme-linked immunosorbent assay
assay

Cell apoptosis was detected by Caspase 3 ELISA assay. VSMCs
and HUVEC: transfected with si-00113 and si-NC were seeded in
96-well culture. Forty-eight hours later, Caspase 3 Colorimetric
Protease Assay Kit (Invitrogen, Carlsbad, CA) was used to detect
caspase 3 activity of target cells according to the manufacturer’s
instructions. OD values were measured using a microplate reader
(Bio-Rad).

2.9. Wound healing assay

Cell migration was detected by wound healing assay. VSMCs and
HUVEGC:s transfected with si-00113 and si-NC were seeded in 6-
well plate and cultured in incubator to get 100% gather before
transfection. At the 0 hour time point, a wound was created with
a pipette tip. Then the cells were washed twice and cultured in
medium without FBS. Nikon Eclipse TS100 Microscope (Nikon,
Japan) was used to take pictures at the 0 and 48 hours postinjury
time points.

2.10. Statistical analysis

All assays were performed in triplicate and all data were
expressed as the means +standard deviation (SD). Student # test
was employed to determine the significance of 2 group differ-
ences. One-way analysis of variance analysis was used for
multiple comparisons. All statistical tests were done using SPSS
19.0 (SPSS Inc, Chicago, IL). The P<.05 was considered to be
significant.

3. Results

3.1. Differently expressed IncRNAs by microarray analysis

We detected 430 differentially expressed IncRNA transcripts
between atherosclerosis and normal serum samples with 243 up-
regulated IncRNAs and 187 down-regulated IncRNAs (Fig. 1,
Supplementary Figure 1, http:/links.lww.com/MD/C201). Here,
we defined those with normalized expression levels consisting of
fold changes greater than 1.5 (i.e., T/N > 1.5 or N/T > 1.5) as
significantly differentially expressed IncRNAs. As shown in
Table 2, the 20 most significantly differentially expressed
IncRNA transcripts are listed, with Inc00113 being the top
significantly up-regulated. Therefore, Inc00113 was chosen to
further explore its roles in atherosclerosis through following
experiments.

3.2. Lnc00113 was highly expressed in atherosclerosis
patients

To further verify the role of Inc00113 in atherosclerosis, we first
measured the expression of Inc00113 in the serum of patients
with atherosclerosis. The results showed that the expression of
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Figure 1. Significantly aberrantly expressed INcRNAs. A, Heat map of distinguishable mRNA expression amid atherosclerosis and normal serum samples. Red
shows relatively high expression while green shows relatively low expression. B, GO biological process classification for aberrantly expressed mRNAs. The upper
graph was related to the up-regulated mRNAs while the lower one was related to the down-regulated mRNAs. C, GO analysis indicates the top enrichment score in
the biological process, cellular components, molecular function of up-regulated mRNAs. D, GO analysis indicates the top enrichment score in the biological
process, cellular components, molecular function of down-regulated mRNAs.

Significant differentially expressed IncRNAs by microarray analysis.

Up-regulated Down-regulated

IncRNAs Log, fold change (T/N) P values IncRNAs Log, fold change (T/N) P values
ENST00113 —5.621 .01 ENST0003318 3.674 .028
BC07016 —4.547 .026 NR_040167 3.106 016
NR_062805 —4.282 .039 DQ167004 2.937 .038
ENST00987533 —3.691 .023 AL003176 2.615 .005
uc001wik.3 —3.449 .036 ENST00110763 2.497 .029
NR_098365 —3.235 .006 ENST00476791 2.305 .036
CR887531 —3.056 .035 uc006ajw.2 2.249 .021
uc002ckj.2 —2.836 .037 uc001ckz.1 2.168 017
ENST00386212 —2.794 .026 NR_042820 2.103 .032
AK023048 —2.648 .017 BC013286 2.007 .008

IncRNAs = long noncoding RNAs, T/N=tumor samples (T) relative to corresponding healthy serum samples (N).
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Figure 2. The eé*pression of INnc00113. A, The expression of Inc00113 was significantly up-regulated in the atherosclerosis serum samples compared witp healthy
serum samples ( P <.01). B, The expression of Inc001 13 in vascular smooth muscle cells (VSMCs) and human umbilical vein endothelial cells (HUVECS) ( P=.03).
C, The expression of IncO0113 in VSMCs transfected with si-00113-1 and si-00113-2 was remarkedly decreased compared with si-NC transfected cells and
control cells (**P< .01). D, The expression of Inc00113 in HUVECs transfected with si-00113-1 and si-00113-2 was remarkedly decreased compared with si-NC

transfected cells and control cells. P < .01.

Inc00113 was significantly up-regulated in the serum when
compared with healthy serum samples. (Fig. 2A). These
observations indicate that Inc00113 may probably be a risk
factor for atherosclerosis.

3.3. Down-regulated expression of Inc00113 after siRNA
transfection

To detect the expression of Inc00113 in VSMCs and HUVECs
after transfection of siRNA for 24 to 48 hours, qRT-PCR was
employed. We first detect the expression of Inc00113 in both
VSMCs and HUVECs and they are differently expressed
(Fig. 2B). Further, we found that the expression of Inc00113
in VSMCs and HUVECs transfected with si-00113-1 and si-
00113-2 was remarkedly decreased compared with si-NC
transfected cells and control cells (Fig. 2C and D).

3.4. Lnc00113 promotes proliferation of VSMCs and
HUVECs

MTT assay was used to detect whether Inc00113 influenced the
proliferation ability of VSMCs and HUVEGC:s in vitro. The results
showed that proliferation ability was markedly suppressed after
transfection with si-00113-1 and si-00113-2 compared with si-
NC-transfected cells and control cells (Fig. 3A and B). These data
reveal that that Inc00113 could promote proliferation of VSMCs

and HUVECs, which may possibly speed up the development of
atherosclerosis.

3.5. Lnc00113 inhibits apoptosis of VSMCs and HUVECs

Caspase 3 ELISA assay was used to detect the apoptosis ability of
VSMCs and HUVEC: after transfection treatment in vitro. The
results showed that the apoptosis ability was significantly
promoted in both cell lines after transfection with si-00113-1
and si-00113-2 compared with si-NC-transfected cells and
control cells (Fig. 3C and D). These results indicate that
Inc00113 could suppress apoptosis of VSMCs and HUVECs,
implying that Inc00113 may be an important factor in the process
of atherosclerosis.

3.6. Lnc00113 promotes migration of VSMCs and HUVECs

Wound healing assay was used to measure whether Inc00113 had
an effect on the migration ability of VSMCs and HUVECs
in vitro. We found that Inc00113 down-regulation in VSMCs
and HUVEG:s cells transfected with si-00113-1 or si-00113-2
significantly suppressed cell migration ability compared with si-
NC transfected cells and control cells (Fig. 4A and B). These
observations demonstrate that Inc00113 promotes VSMCs and
HUVECs migration, which is likely to accelerate the formation of
atherosclerosis.
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with si-NC-transfected cells and control cells. ( P=.02 and P=.083 respectively). HUVECs = human umbilical vein endothelial cellslinc, VSMCs = vascular smooth
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Figure 4. Inc00113 promotes migration of VSMCs and HUVECs. A to D, Migration ability of VSMCs (*P= .03and P=.02 respectively) and HUVECs (*P= .03 and
P=.02 respectively) was remarkably down-regulation after transfection with si-00113-1 or si-00113-2 compared with si-NC transfected cells and control cells.

HUVECs = human umbilical vein endothelial cellslinc, VSMCs = vascular smooth muscle cells.
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changed. HUVECs = human umbilical vein endothelial cellslinc.

3.7. Lnc00113 activates PI3K/Akt/mTOR signaling pathway
of VSMCs and HUVECs

qRT-PCR and western blot assays were used to detect the effect of
Inc00113 on PI3K/Akt/mTOR signaling pathway. As the results
show, the mRNA expressions of PI3K, Akt, mTOR, and bcl-2
were significantly decreased in HUVECs cells transfected with si-
00113-1 or si-00113-2 compared with si-NC-transfected cells
and control cells (Fig. 5A). The protein expressions of p-PI3K,
p-Akt, p-mTOR, and bcl-2 in HUVECs cells transfected with
si-00113-1 or si-00113-2 were dramatically decreased compared
with si-NC-transfected cells and control cells. However, the total-
PI3K (t-PI3K), total-Akt (t-Akt), and totallmTOR (t-mTOR)
protein expressions were not changed (Fig. 5B and C). These
results indicate that Inc00113 is positively correlated with PI3K/
Akt/mTOR signaling pathway in HUVECs. PI3K/Akt/mTOR
signaling pathway is activated in the development of atheroscle-
rosis. However, whether Inc00113 promotes proliferation,
survival, and migration in atherosclerosis directly by activating
PI3K/Akt/mTOR signaling pathway remains to be elucidated
further.

4. Discussion

As one of the most common vascular disorders, atherosclerosis is
the root cause of a series of diseases including stroke, myocardial
infarction, and gangrene.'*! EC and VSMC are 2 critical factors
in cardiovascular system, whose dysfunction may lead to the

formation of atherosclerosis. Under normal physiological
conditions, the ECs are capable of adapting to the environment
like hyperlipidemia and inflammation stimulus by generating
new ECs to replace the damaged one. However, in atherosclero-
sis, persistent injury could induce EC injury and apoptosis.!**!
VSMCs accumulation is another major reason leading to
atherosclerosis. Activated VSMCs may possibly contribute
to the progression and eventual rupture of atherosclerotic
plaques.®°*"! Thus, there is an urgent need to find effective
therapeutic target to reduce the incidence of atherosclerosis. In
the present study, we found that Inc00113 is highly expressed in
the serum of patients with atherosclerosis. It could promote
proliferation and migration, suppress apoptosis by activating
PI3K/Akt/mTOR signaling pathway in atherosclerosis, which
may provide therapeutic methods for atherosclerosis. Gene chips
and other high-throughput sequencing tools have received
increasing attention, especially in cancer research. Huang!™!
found that IncRNA HOXC-AS1 and HOXCé6 were down-
regulated in carotid atherosclerosis by microarray analysis.
Singh!*?! assessed the expression profiles of IncRNAs and
protein-coding mRNAs in endothelial cells 24hours after
stimulation of oxidized low-density lipoprotein (100 pg/mL)
with Arraystar human IncRNA expression microarray V3.0. A
total of 30,584 IncRNAs were screened out, 923 significantly up-
regulated, and 9735 significantly down-regulated in response to
oxLDL exposure. At the same time the number of IncRNAs
associated with atherosclerosis remains unknown. To explore the
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mode of expression of IncRNAs in atherosclerosis, we used
microarrays to assess the IncRNA profile between serum samples
from atherosclerosis and healthy volunteers. Hereafter, we chose
the Inc00113 that was up-regulated to further validate its role in
atherosclerosis.

The role of microRNAs has been extensively studied in
atherosclerosis. Novak] has reviewed synthetically the intracel-
lular and extracellular functions of the most important micro-
RNAs involved in atherosclerotic pathophysiology such as
miR-27a/b, miR-33/33* and so on. At present, more and more
literature shows that IncRNAs participates in gene transcription
and transcription.”! Recent studies have demonstrated that
IncRNAs are involved in the regulation of atherosclerosis. A new
study shows that IncRNA-H19 was highly expressed in
atherosclerosis by regulating MAPK/NF-kB signaling pathway,
which could be used as a potential target for atherosclerosis.!**!
Another experiment reported that IncRNA-RNCR3 was highly
expressed in mouse and human aortic atherosclerosis. The
proliferation and migration in ECs and VSMCs was suppressed
when IncRNA-RNCR3 decreased, implying that IncRNA-
RNCR3 could be a potential atherosclerosis target.!*S! Wul2¢!
discovered a novel regulatory factor, lincRNA-p21, which
regulates neointima formation, proliferation, apoptosis, and
atherosclerosis in VSMCs by enhancing p53 activity, suggesting
that IncRNA may serve as a therapeutic for atherosclerosis and
related heart therapeutic targets for vascular disease. In this
study, it is our first time to identify an interaction between
Inc00113-associated atherosclerosis in vitro. In the serum of
atherosclerosis, the expression of Inc00113 was significantly
increased compared with control group. Furthermore, the down-
regulation of Inc00113 can significantly suppress proliferation,
migration, and survival of VSMCs and HUVECs, indicating
that Inc00113 may play a promoter role in the formation of
atherosclerosis.

PI3K/Akt/mTOR signaling pathway has a variety of cell
functions, including proliferation, differentiation, survival, and
invasion, IncRNAs are closely related. A report has shown that
selective inhibition of the Akt/mTOR pathway inhibits the
progression of atherosclerosis and enhances the stability of
atherosclerotic plaques by activating macrophage autophagy.*”!
Investigator pointed out that mTOR pathway is activated by
atherosclerotic oxLDL through PI3K/Akt and is required for the
proliferation of smooth muscle cells. In addition, resveratrol
specifically blocks this pathway, thereby inhibiting oxLDL-
induced SMC proliferation, highlighting the new properties of
resveratrol can contribute to the general anti-atherosclerotic
properties of the polyphenols.?®! Lee!?”! discovered naringin
treatment can block TNF-a-induced VSMC PI3K/AKT/p70S6K
pathway, which provides a theoretical basis for the prevention of
atherosclerosis. In view of the promotion of PI3K/Akt/mTOR
pathway in atherosclerosis, Inc00113 can activate PI3K/Akt/
mTOR pathway, suggesting that inactivation of Inc00113 or
PI3K/Akt/mTOR pathway may suppress clinical development
and progression of atherosclerosis.

5. Conclusion

We identified an important role of Inc00113 in VSMCs and
HUVECs that promotes cell proliferation and migration,
suppresses apoptosis by activating PI3K/Akt/mTOR signaling
pathway, which could probably serve as a promising therapeutic
target for atherosclerosis.

Medicine

Author contributions

Conceptualization: Xinliang Yao.

Data curation: Chengyun Yan.

Formal analysis: Chengyun Yan.

Funding acquisition: Qinlin Wan.

Investigation: Xinliang Yao, Lei Zhang, Yanming Li.
Project administration: Xinliang Yao.

Resources: Xinliang Yao.

Software: Chengyun Yan.

Supervision: Qinlin Wan.

Writing — original draft: Xinliang Yao.

References

[1] Mozaffarian D, Benjamin EJ, Go AS, et al. Writing Group Member-
sHeart disease and stroke statistics—2016 update: a report from the
American Heart Association. Circulation 2016;133:e38-60.

[2] Galkina E, Ley K. Immune and inflammatory mechanisms of
atherosclerosis. Annu Rev Immunol 2009;27:165-97.

[3] Leisc hik R, Foshag P, Strauss M, et al. Physical activity, cardiorespira-
tory fitness and carotid intima thickness: sedentary occupation as risk
factor for atherosclerosis and obesity. Eur Rev Med Pharmacol Sci
2015;19:3157-68.

[4] Schober A, Nazari-Jahantigh M, Wei Y, et al. MicroRNA-126-5p
promotes endothelial proliferation and limits atherosclerosis by
suppressing DIk1. Nat Med 2014;20:368-76.

[5] Gorenne I, Kumar S, Gray K, et al. Vascular smooth muscle cell sirtuin1
protects against DNA damage and inhibits atherosclerosis. Circulation
2013;127:386-96.

[6] Kapranov P, Willingham AT, Gingeras TR. Genome-wide transcription
and the implications for genomic organization. Nat Rev Genet
2007;8:413-23.

[7] Gerstein M. Genomics: ENCODE leads the way on big data. Nature
2012;489:208.

[8] Ecker JR, Bickmore WA, Barroso I, et al. Genomics: ENCODE
explained. Nature 2012;489:52-5.

[9] Memczak S, Jens M, Elefsinioti A, et al. Circular RNAs are a large
class of animal RNAs with regulatory potency. Nature 2013;495:
333-8.

[10] Orom UA, Derrien T, Beringer M, et al. Long noncoding RNAs with
enhancer-like function in human cells. Cell 2010;143:46-58.

[11] Mercer TR, Dinger ME, Mattick JS. Long non-coding RNAs: insights
into functions. Nat Rev Genet 2009;10:155-9.

[12] Kapranov P, Cheng J, Dike S, et al. RNA maps reveal new RNA classes
and a possible function for pervasive transcription. Science 2007;
316:1484-8.

[13] Santulli G. microRNAs distinctively regulate vascular smooth
muscle and endothelial cells: functional implications in angiogenesis,
atherosclerosis, and in-stent restenosis. Adv Exp Med Biol 2015;887:
53-77.

[14] Klattenhoff CA, Scheuermann JC, Surface LE, et al. Braveheart, a long
noncoding RNA required for cardiovascular lineage commitment. Cell
2013;152:570-83.

[15] Huang C, Hu YW, Zhao JJ, et al. Long noncoding RNA HOXC-AS1
suppresses Ox-LDL-induced cholesterol accumulation through promot-
ing HOXC6 expression in THP-1 macrophages. DNA Cell Biol
2016;35:722-9.

[16] Yan B, Yao J, Liu JY, et al. IncRNA-MIAT regulates microvascular
dysfunction by functioning as a competing endogenous RNA. Circ Res
2015;116:1143-56.

[17] Bianchessi V, Badi I, Bertolotti M, et al. The mitochondrial IncRNA
ASncmtRNA-2 is induced in aging and replicative senescence in
endothelial cells. ] Mol Cell Cardiol 2015;81:62-70.

[18] Leung A, Trac C, Jin W, et al. Novel long noncoding RNAs are regulated
by angiotensin II in vascular smooth muscle cells. Circ Res 2013;
113:266-78.

[19] Verweij SL, van der Valk FM, Stroes ES. Novel directions in
inflammation as a therapeutic target in atherosclerosis. Curr Opin
Lipidol 2015;26:580-5.

[20] Loyer X, Potteaux S, Vion AC, et al. Inhibition of microRNA-92a
prevents endothelial dysfunction and atherosclerosis in mice. Circ Res
2014;114:434-43.



Yao et al. Medicine (2018) 97:16

[21] Lovren F,Pan Y, Quan A, et al. MicroRNA-145 targeted therapy reduces
atherosclerosis. Circulation 2012;126:581-90.

[22] Singh KK, Matkar PN, Pan Y, et al. Endothelial long non-coding RNAs
regulated by oxidized LDL. Mol Cell Biochem 2017;431:139-49.

[23] Novak ], Olejnickova V, Tkacova N, et al. Mechanistic role of
microRNAs in coupling lipid metabolism and atherosclerosis. Adv Exp
Med Biol 2015;887:79-100.

[24] Pan JX. LncRNA H19 promotes atherosclerosis by regulating MAPK
and NF-kB signaling pathway. Eur Rev Med Pharmacol Sci 2017;
21:322-8.

[25] ShanK, Jiang Q, Wang XQ, et al. Role of long non-coding RNA-RNCR3
in atherosclerosis-related vascular dysfunction. Cell Death Dis 2016;7:
€2248.

www.md-journal.com

[26] Wu G, Cai J,Han Y, et al. LincRNA-p21 regulates neointima formation,
vascular smooth muscle cell proliferation, apoptosis, and atherosclerosis
by enhancing p53 activity. Circulation 2014;130:1452-65.

[27] Zhai C, Cheng ], Mujahid H, et al. Selective inhibition of PI3K/Akt/
mTOR signaling pathway regulates autophagy of macrophage and
vulnerability of atherosclerotic plaque. PLoS One 2014;9:¢90563.

[28] Brito PM, Devillard R, Negre-Salvayre A, et al. Resveratrol inhibits the
mTOR mitogenic signaling evoked by oxidized LDL in smooth muscle
cells. Atherosclerosis 2009;205:126-34.

[29] Lee EJ, Kim DI, Kim W], et al. Naringin inhibits matrix metal-
loproteinase-9 expression and AKT phosphorylation in tumor necrosis
factor-alpha-induced vascular smooth muscle cells. Mol Nutr Food Res
2009;53:1582-91.


http://www.md-journal.com

	LncRNA ENST00113 promotes proliferation, survival, and migration by activating PI3K/Akt/mTOR signaling pathway in atherosclerosis
	Outline placeholder
	2 Materials and methods
	2.4 Small interfering RNA (siRNA) transfection

	3 Results
	3.2 Lnc00113 was highly expressed in atherosclerosis patients
	3.6 Lnc00113 promotes migration of VSMCs and HUVECs
	3.7 Lnc00113 activates PI3K/Akt/mTOR signaling pathway of VSMCs and HUVECs

	4 Discussion
	Author contributions

	References


