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Abstract: Objective: Folic acid (FA) supplementation reduces the risk of atherosclerosis and stroke. Phenotypic
change from differentiated to dedifferentiated vascular smooth muscle cells (VSMCs) plays an important role in ath-
erosclerosis development; however, the exact mechanisms remain unknown. This study aimed to assess whether
FA through mammalian target of rapamycin (mTOR)/P70S6K signaling inhibits platelet derived growth factor (PDGF-
BB) induced VSMC dedifferentiation. Methods: VSMCs from primary cultures were identified by morphological ob-
servation and a-smooth muscle actin (a-SM-actin, a-SMA) immunocytochemistry. Then, VSMCs were induced by
PDGF-BB and treated with varying FA concentrations. Rapamycin and MHY-1485 were used to inhibit or activate the
mTOR/P70S6K pathway, respectively. Next, MTT, Transwell, and wound healing assays were employed to assess
proliferation and migration of VSMCs. In addition, Western blotting was used to evaluate protein levels of a-SMA,
calponin, osteopontin, mTOR, p-mTOR, P70S6K and p-P70S6K in VSMCs. Results: VSMCs showed phenotypic al-
teration from differentiated to dedifferentiated cells in response to PDGF-BB. MTT, Transwell and wound healing
assays showed that FA markedly inhibited proliferation and migration in PDGF-BB-induced VSMCs, in a time and
concentration-dependent manner. FA treatment increased the expression levels of the contractile phenotype mark-
er proteins a-SMA and calponin compared with VSMCs stimulated by PDGF-BB alone. Furthermore, FA significantly
suppressed mTOR and P70S6K phosphorylation compared with PDGF-BB alone. Similar to FA, downregulation of
mTOR signaling by rapamycin inhibited VSMC dedifferentiation. In contrast, upregulation of mTOR signaling by MHY-
1485 reversed the FA-induced inhibition of VSMC dedifferentiation. Conclusion: Folic acid inhibits dedifferentiation
of PDGF-BB-induced VSMCs by suppressing mTOR/P70S6K signaling.
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Introduction switching is widely observed in atherosclerosis,
and established that inhibiting VSMC pheno-
typic switching may be beneficial in advanced
atherosclerosis [2, 4]. VSMC phenotypic switch-
ing plays a critical role in all stages of the ath-

erosclerotic process [D].

Atherosclerosis is one of the most common and
underlying causes of heart disease and stroke
in Western societies and throughout the world
[1]. Vascular smooth muscle cells (VSMCs) in
mature, normal blood vessels are highly spe-

cialized cells with a differentiated, quiescent,
and contractile phenotype; they exhibit elevat-
ed levels of contractile proteins such as
a-smooth muscle actin (x-SMA) and calponin
(Cal). In atherosclerosis and arterial restenosis,
however, VSMCs switch to a dedifferentiated,
proliferative, and migratory phenotype (syn-
thetic phenotype), with decreased levels of
contractile proteins and increased expression
of osteopontin (OPN) [2, 3]. Recent investiga-
tions have reported that VSMC phenotypic

Platelet-derived growth factors (PDGFs) repre-
sent a family of 4 isoforms (A, B, C, and D), and
are strong mitogens for VSMCs in vessels.
PDGFs regulate cell proliferation and migration,
extracellular matrix accumulation, and the pro-
duction of pro- and anti-inflammatory media-
tors, to maintain tissue permeability and hemo-
dynamics. They are involved in various vascular
pathophysiological processes, including athero-
sclerosis, restenosis, fibrosis and angiogenesis
[6]. PDGF-BB, released primarily by vascular
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endothelial cells and platelets at the sites of
vascular injury, is considered one of the most
potent mitogens and chemoattractant stimu-
lants for VSMC proliferation and migration,
through modulation of several transcription
factors and key molecular signalling pathways
[7]. Proliferation, migration, protein production
or secretion, and phenotypic modulation of
VSMCs are activated by PDGF receptor signal-
ing [8]. Therefore, in the present study, PDGF-
BB was selected to induce VSMC dedifferen-
tiation.

The mammalian target of rapamycin (MTOR)
signaling pathway impacts most major cellular
functions, with an outsized role in regulating
protein synthesis, as well as cell cycle progres-
sion and proliferation [9]. Specifically, mTOR is
a widely expressed protein kinase that regu-
lates translation initiation of specific growth-
related mRNA subsets through the effectors
P70S6K and 4EBP1/elF4E [10]. VSMCs can
dedifferentiate from a quiescent/contractile
phenotype to the proliferative/synthetic one,
and these changes are associated with mTOR/
P70S6K activation to promote protein transla-
tion and cell growth [11].

Folic acid (FA) is a cofactor in one-carbon
metabolism and a crucial regulator of nucleo-
tide synthesis and methylation reactions [12].
Low FA levels are tightly associated with an
increased risk of human vascular diseases, in-
cluding atherosclerosis and stroke. Conversely,
high circulating FA concentrations are associ-
ated with reduced risk of primary coronary
events [13]. Huo Y et al reported that enalapril-
folic acid therapy is more effective in reducing
first stroke than enalapril alone in Chinese
adults with hypertension [14]. Guo H et al fo-
und that FA decreases homocysteine-induced
MMP-2 secretion, suggesting a beneficial effect
of FA on coronary artery disease pathogenesis
[15]. However, FA’'s effect on PDGF-BB-induced
dedifferentiation in cultured VSMCs remains
unknown. The purpose of this study was to
assess whether FA directly inhibits the cell
dedifferentiation effect of PDGF-BB through
MTOR/P70S6K signaling.

Materials and methods
Materials

Male specific pathogen free (SPF) grade Sp-
rague-Dawley (SD) rats (6 weeks old, 120-150
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g) were provided by the experimental animal
center of Zhejiang Academy of medical scienc-
es. DMEM, fetal bovine serum (FBS), PBS,
0.25% trypsin-EDTA, penicillin, and streptomy-
cin were obtained from Jinuo Biotech Company
(Hangzhou, China). Rapamycin, MHY-1485, and
DMSO were obtained from Sigma-Aldrich (USA).
MTT was purchased from Emresco (USA). DAPI
was from Roche (USA). Recombinant human
PDGF-BB was obtained from R&D Systems
(USA). Transwell chambers were purchased
from Millipore (Germany). Primary antibodies
against o-SMA, Cal, OPN, GAPDH, p-mTOR,
mTOR, p-P70S6K, and P70S6K were from
Abcam (Cambridge, MA, USA). Horseradish per-
oxidase-conjugated goat anti-rabbit IgG anti-
bodies were obtained from Jackson Immuno-
Research Laboratories (USA).

Methods

Cell culture and identification: VSMCs were iso-
lated from thoracic aortas of male SD rats by
the improved tissue-sticking method developed
in our previous studies, and cultured in DMEM
containing 10% FBS at 37°C in a humidified
atmosphere with 95% air and 5% CO,. Imm-
unocytochemical identification of the contrac-
tile marker protein a-SMA was performed for
primary VSMC identification. Primary VSMCs
between passages 3 to 7 were used in subse-
quent experiments. VSMCs were cultured to
70-80% confluency, and serum-starved over-
night before experiments. Rapamycin (20
nmol/L) or MHY1485 (10 umol/L) was used to
inhibit or activate the mTOR signaling pathway
[16]. Before incubation PDGF-BB (20 ng/ml) for
24 h, VSMCs were pretreated with different
concentrations of FA (1 pymol/I, 10 ymol/I, and
100 umol/I, respectively) for 24 h.

MTT assay: VSMCs were cultured to 70% con-
fluency and serum-starved overnight. In the
experimental group, the cells were pretreated
with different FA concentrations (1 umol/I, 10
pmol/I, and 100 umol/I, respectively) for 24 h
then addition of PDGF-BB (20 ng/ml) for 12, 24
and 48 h, respectively. In the control group,
cells were cultured without any treatment.
PDGF-BB group cells were treated only with
PDGF-BB (20 ng/ml). After treatment, MTT
assay was used to examine the viability of cells
in all groups. The MTT solution (20 ul) was
added for 4 h at 37°C with 5% CO,. Then, the
medium was carefully removed, and 150 pl
DMSO were added to each well. The plate was
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Figure 1. VSMC primary culture identification. A. VSMC “peak-to-valley” growth (magnification, 100x); B. VSMC o-SM-
actin immunocytochemical staining (magnification, 400x). VSMC, vascular smooth muscle; SM, smooth muscle.

gently rotated on an orbital shaker for 10 min at
room temperature, and a microplate reader
(Bio-Rad, Hercules, CA, USA) was used to deter-
mine absorbance at 490 nm.

Wound-healing assay: VSMCs were cultured
until 90% confluency, serum-starved, and
administered hydroxyurea overnight for syn-
chronization and growth inhibition. A wound in
VSMCs was created with a sterile 100 ul pipette
tip. PBS was used to flush the 6-well plate,
washing away the cell debris. After addition of
various test articles, cells were analyzed at O
and 24 h post-wounding under a Nikon micro-
scope (Nikon Corporation, Tokyo, Japan) equi-
pped with the Image-pro plus 6.0 software
(Media Cybernetics Inc., Bethesda, MD, USA).
The ratio of cell recovery area to whole wound
area was used to evaluate cell migration.

Transwell migration assay: VSMCs (2x10* cells
per well) were seeded in the upper chamber of
the transwell system using an 8um aperture.
Meanwhile, 250 ul of medium containing differ-
ent concentrations of FA was added into the
upper chamber. VSMCs were incubated for 24
h at 37°C for migration assays. Then, VSMCs in
the upper chamber were washed and stained
for 15 min with crystal violet. Migrated cells
were counted in the lower chamber under a
microscope, in 5 randomly selected high power
fields.

Immunofiuorescence: VSMC culture medium
was removed, and cells were washed three
times with PBS and fixed in 4% paraformalde-
hyde. After cell permeabilization (0.1% Triton)
and blocking (10% goat serum), VSMCs were
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incubated with anti-a-SMA antibodies over-
night. Anti-mouse fluorescein isothiocyanate
(FITC) conjugated secondary antibodies were
added for 1 h at room temperature, before
analysis under an inverted phase-contrast
microscope.

Western blot: VSMCs culture medium was
removed, and cells were washed three times
with PBS. VSMCs were then lysed with lysis buf-
fer (Beyotime, Haimen, China) on ice for 30 min.

Cell lysates were centrifuged at 12,000 g for
15 min at 4°C. Equal amounts of soluble pro-
tein were separated by 12% SDS-PAGE and pro-
tein bands were electro-transferred onto polyvi-
nylidene fluoride (PVDF) membranes. The
membranes were blocked with 5% skim milk,
followed by primary antibody incubation over-
night. Secondary antibodies conjugated with
horseradish peroxidase were used in these ex-
periments. The ECL chemiluminescence detec-
tion kit was used to visualize the target proteins
as well as the internal control. Protein bands
were obtained by autoradiography and ana-
lyzed by Quantity One 4.4 (Bio-Rad, Hercules,
CA, USA). Antibodies used included: rabbit poly-
clonal o-SMA, Cal, OPN, GAPDH, p-mTOR,
mTOR, p-P70S6K, and P70S6K (1:1,000,
Sigma-Aldrich).

Statistical analysis

Each experiment was repeated at least three
times, with a fresh batch of cells. The SPSS
19.0 statistical software (SPSS Inc., Chicago,
IL, USA) was used to perform statistical analy-
ses. Measurement data are mean + standard
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Figure 2. Folic acid inhibits PDGF-BB-induced VSMC dedifferentiation. Control, VSMCs were cultured without any treatment; PDGF-BB, VSMCs were treated only with
PDGF-BB (20 ng/mL); Folic acid, VSMCs were pretreated with various concentrations (1, 10 and 100 pymol/L) of folic acid followed by stimulation with PDGF-BB (20
ng/mL) for 24 h. A. MTT assay was used to assess the proliferation of VSMCs. B. Wound-healing assay was employed to evaluate migration in VSMCs. C. Transwell
assay was used to assess the invasion ability of VSMCs. D. a-SMA immunocytochemical staining was used to assess myonemes and cell morphology changes. E, F.
Western blot was employed to quantitate the expression levels of contractile proteins (*P<0.05 vs control group; #P<0.05 vs treatment with PDGF-BB alone; n=3).
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Figure 3. Folic acid inhibits PDGF-BB-induced VSMC dedifferentiation via mTOR/P70S6K signaling. Control, VSMCs
were cultured without any treatment; PDGF-BB, VSMCs were treated only with PDGF-BB (20 ng/mL); Folic acid,
VSMCs were pretreated with various concentrations (1, 10 and 100 pymol/L) of folic acid followed by stimulation with
PDGF-BB (20 ng/mL) for 24 h. A, B. Western blotting was applied to assess p-mTOR and p-P70S6K protein levels
in VSMCs treated with various concentrations of folic acid followed by stimulation with PDGF-BB. Folic acid treat-
ment resulted in p-mTOR and p-P70S6K protein levels significantly lower compared with PDGF-BB group values, in
a concentration-dependent manner. C, D. Western blotting was applied to evaluate p-mTOR and p-P70S6K protein
levels in VSMCs treated with 10 pymol/L folic acid followed by stimulation with PDGF-BB; expression levels of p-mTOR
and p-P70S6K were decreased at 2 h to 6 h (*P<0.05 vs control group; #P<0.05 vs treatment with PDGF-BB alone;

n=3).

deviation (SD). Multiple groups were compared
by one-way analysis of variance (ANOVA), fol-
lowed by Bonferroni post-hoc tests. Unpaired
Student’s t test was used for two-group com-
parisons. P<0.05 was considered statistically
significant.

Results
VSMC identification

After primary culture of VSMCs for 7-9 days,
morphological observations revealed that long
spindle-shaped cells with strong cytoplasmic
refractive index, oval nucleus, and rich cyto-
plasm migrated from the tissues. The typical
VSMC ‘peak-to-valley’ growth pattern was
observed after the cells overlapped (Figure
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1A). Alpha smooth muscle actin (a-SMA) immu-
nocytochemical staining revealed an abun-
dance of green myonemes in the cytoplasm;
nuclei were light blue after counterstaining with
DAPI, demonstrating that the cells obtained
were indeed VSMCs, with high purity (Figure
1B).

Folic acid inhibits PDGF-BB-induced VSMC de-
differentiation

VSMCs were pre-treated with various concen-
trations of folic acid followed by stimulation
with PDGF-BB (20 ng/mL) for 24 h. Folic acid
inhibited the PDGF-BB-induced proliferation
and migration of VSMCs, in a concentration-
dependent manner (Figure 2A and 2B, P<0.05)
as assessed by MTT and wound-healing assays.

Am J Transl Res 2017;9(3):1307-1316
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Figure 4. Rapamycin inhibits mTOR/P70S6K signaling suppressed VSMC dedifferentiation. VSMCs were treated
with PDGF-BB (20 ng/mL) for 24 h. A. MTT assay was used to assess the proliferation of VSMCs. B. Wound-healing
assay was performed to evaluate migration in VSMCs. C. Transwell assay was carried out to assess the invasion
ability of VSMCs. D, E. Western blotting was applied to quantitate the expression of contractile proteins (*P<0.05
vs treatment with PDGF-BB alone; n=3).

In addition, Transwell chamber assay revealed those in the control group; meanwhile, p-mTOR
that folic acid could also attenuate PDGF-BB- and p-P70S6K protein levels in PDGF-BB-
induced VSMC invasion in a concentration- induced VSMCs treated with various concentra-
dependent manner (Figure 2C). What’s more, tions of folic acid for 24 h were significantly
a-SMA immunocytochemical staining exhibited lower than PDGF-BB group values; this effect
myoneme morphological changes in the cyto- was concentration-dependent. In addition,
plasm after FA treatment (Figure 2D). Western p-mTOR and p-P70S6K protein amounts were
blot demonstrated that PDGF-BB-induced decreased at 2 h to 6 h after treatment with 10
VSMCs reduced a-SMA and Cal protein expres- pmol/L folic acid and stimulation with PDGF-BB
sion levels, and increased OPN protein expres- (Figure 3C and 3D, P<0.05). These results indi-
sion, indicating dedifferentiation of VSMCs; cated that folic acid inhibited PDGF-BB-induced
these effects were exerted in a concentration- VSMC dedifferentiation, suppressing the
dependent manner (Figure 2E and 2F, P<0.05). mTOR/P70S6K signaling pathway.

These results indicated that folic acid inhibited

PDGF-BB-induced VSMC dedifferentiation. Rapamycin inhibits mTOR/P70S6K signaling

pathway suppressed VSMC dedifferentiation
Folic acid inhibits PDGF-BB-induced VSMC de-

differentiation via mTOR/P70S6K signaling To further examine the role of mTOR/P70S6K

signaling in PDGF-BB-induced VSMC dediffer-
To further explore the cellular mechanisms by entiation, rapamycin (20 nmol/L) was applied
which FA inhibits PDGF-BB-induced VSMC to block the mTOR/P70S6K signaling pathway.
dedifferentiation, VSMCs were pre-treated with VSMCs were treated with PDGF-BB (20 ng/mL)
various concentrations (1, 10, and 100 umol/L) for 24 h. MTT and wound-healing assays
of folic acid before stimulation with PDGF-BB showed that rapamycin obviously decreased
(20 ng/mL) for 24 h. As shown in Figure 3A and VSMC proliferation and migration (Figure 4A
3B, p-mTOR and p-P70S6K protein levels in and 4B). Transwell chamber assay revealed
PDGF-BB-induced VSMCs were higher than that rapamycin markedly attenuated PDGF-BB-
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Figure 5. MHY-1485 attenuates folic acid mediated inhibition of PDGF-BB-induced VSMC dedifferentiation. VSMCs
were treated with PDGF-BB (20 ng/mL) for 24 h. A. MTT assay was performed to assess the proliferation of VSMCs.
B. Wound-healing assay was carried out to evaluate migration in VSMCs. C. Transwell assay was used to determine
the invasion ability of VSMCs. D, E. Western blotting was applied to assess the expression levels of contractile pro-
teins. F, G. Western blotting was applied to assess p-mTOR and p-P70S6K protein levels in VSMCs; MHY-1485 atten-
uated folic acid inhibited mTOR/P70S6K signaling pathway (*P<0.05 vs treatment with PDGF-BB alone; #P<0.05

vs treatment with 10 pymol/L folic acid; n=3).

induced invasion ability in VSMCs (Figure 4C).
What’s more, Western blot showed that rapamy-
cin starkly increased a-SMA and Cal protein
expression levels and decreased OPN protein
amounts (Figure 4D and 4E, P<0.05). These
results demonstrated that rapamycin sup-
pressed mTOR/P70S6K signaling pathway
inhibited VSMC dedifferentiation.

MHY-1485 attenuates folic acid inhibited
PDGF-BB-induced VSMC dedifferentiation

We next assessed the role of mTOR/P70S6K
signaling in PDGF-BB-induced VSMC dediffer-
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entiation. MHY-1485 (10 umol/L) was applied
to activate the mTOR/P70S6K signaling path-
way, and the effects of folic acid on VSMC
dedifferentiation were examined. VSMCs were
treated with PDGF-BB (20 ng/mL) for 24 h. MTT
and wound-healing assays showed that MHY-
1485 significantly attenuated the ability of folic
acid to inhibit VSMC proliferation and migration
(Figure 5A and 5B). In addition, Transwell assay
revealed that MHY-1485 overtly attenuated the
ability of folic acid to inhibit VSMC invasion
(Figure 5C). Western blot showed that MHY-
1485 remarkably suppressed the folic acid
related increased a-SMA and Cal protein levels

Am J Transl Res 2017;9(3):1307-1316
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and decreased OPN protein amounts (Figure
5D and 5E, P<0.05). What’s more, MHY-1485
treatment resulted in notably increased
p-mTOR and p-P70S6K protein expression lev-
els (Figure 5F and 5G, P<0.05). These findings
demonstrated that activated mTOR/P70S6K
signaling attenuated folic acid dependent inhi-
bition of PDGF-BB-induced VSMC dedifferen-
tiation.

Discussion

Atherosclerosis is the major underlying cause
of myocardial infarction, heart failure, stroke,
and peripheral vascular diseases. Therefore,
deep understanding of molecular and cellular
mechanisms driving atherosclerosis develop-
ment and progression are necessary for formu-
lating adequate treatment strategies. VSMCs
are the main cell type in blood vessels; their
chief function through vessel wall contraction
and relaxation is to control blood flow and pres-
sure. Unlike many other mature cell types in the
adult body, VSMCs do not terminally differenti-
ate but retain remarkable plasticity. They have
the unique ability to switch between a differen-
tiated and quiescent “contractile” state and the
highly proliferative and migratory “synthetic”
one, in response to certain environmental cues
[17]. Dedifferentiation of VSMCs are key events
in the development of atherosclerosis, and inhi-
bition of VSMC phenotype switching counts
among the mechanisms by which drugs play
their cardiovascular protective role [18].

PDGF-BB is known to stimulate phenotype mo-
dulation in VSMCs from differentiated to dedif-
ferentiated phenotype [19]. In the present
study, we also found that PDGF-BB induced
proliferation and migration in smooth muscle
cells, increasing protein expression of the de-
differentiation associated OPN and reducing
the levels of the differentiation specific contrac-
tile proteins a-SMA and Cal. Consistent with
previous reports, this study showed that PDGF-
BB successfully induced VSMC dediffer-
entiation.

It was suggested that digoxin through ILK sig-
naling exerts an inhibitory effect on PDGF-BB-
induced proliferation, migration and phenotypic
modulation of VSMCs [20]. Meanwhile, TORRES
G et al indicated that glucagon-like peptide-1
(GLP1) stimulates mitochondrial fusion, inc-
reases mitochondrial activity, and decreases
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PDGF-BB-induced VSMC dedifferentiation via
PKA/Drp signaling [21]. Furthermore, GAN J et
al reported that rosuvastatin suppresses MAPK
signaling, inhibiting PDGF-BB-induced VSMCs
proliferation and migration [22]. Consistent
with these reports, the present study indicated
that folic acid could decrease the proliferation
and migration ability of VSMCs induced by
PDGF-BB. Moreover, folic acid could also
reduce the expression of the dedifferentiation
related protein OPN, while increasing the
amounts of the differentiation specific contrac-
tile proteins a-SMA and Cal. These findings indi-
cate that folic acid could inhibit VSMC
dedifferentiation.

Folic acid is a water-soluble vitamin involved in
many critical cellular pathways, including DNA,
RNA, and protein methylation as well as DNA
synthesis and maintenance; folic acid can be a
limiting factor in all these reactions [12]. HOU T
C et al reported that folic acid inhibits endothe-
lial cell migration by reducing RhoA activity
mediated by induced FR/cSrc/p190RhoGAP-
signaling [23]. Additionally, CHOU Y et al showed
that folic acid inhibits homocysteine-mediated
increases of VSMC proliferation and migration
by inactivating AKT1 [24]. The present study
confirmed that folic acid inhibits PDGF-BB
induced VSMC differentiation, further demon-
strating that folic acid exerts this effect by sup-
pressing the mTOR/P70S6K signaling path-
way.

In cardiovascular and metabolic systems,
mTOR and its multi-protein complexes TORC1
and TORC2 regulate various cell processes, in-
cluding proliferation, migration, growth and dif-
ferentiation [25]. The serine/threonine kinase
ribosomal protein P70S6K is a downstream tar-
get of MTORC1 [26]. Enhanced activation of
mTOR/P70S6K is associated with cardiac
hypertrophy and impaired endothelial function;
rapamycin treatment to reduce this activation
corrects some of the abnormalities [11]. LEE K
Y et al observed that mesoglycan induced
AMPK activation suppresses VSMC prolifera-
tion via an mTOR dependent mechanism [27].
In addition, CIDAD P et al found that Kv1.3
channels modulate human vascular smooth
muscle cell proliferation independently of the
mTOR signaling pathway [28]. Furthermore,
OSMAN | et al revealed that pioglitazone inhib-
its mTOR/P70S6K and ERK signaling, and
attenuates PDGF-induced VSMC proliferation
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[29]. Consistent with these reports, the current
study showed that folic acid inhibited PDGF-BB
induced p-mTOR and p-P70S6K expression.
Rapamycin was further used to inhibit the
mTOR signaling pathway; as shown above, the
outcome was similar to that obtained after folic
acid treatment. Interestingly, MHY-1485, a
novel activator of mTOR [16, 30], restored folic
acid-induced inhibition of VSMC dedifferentia-
tion. These findings suggest that folic acid
inhibits PDGF-induced VSMC dedifferentiation
by suppressing the mTOR/P70S6K signaling
pathway.

In conclusion, the present data suggest that
folic acid inhibits the dedifferentiation effect of
PDGF-BB through mTOR/P70S6K signaling,
indicating that it may have beneficial effects on
vascular proliferative disorders such as athero-
sclerosis. These findings provide a basis for
clinical use of folic acid in AS treatment.
However, this study has some limitations, e.g.,
whether folic acid inhibits VSMC phenotype
switching through mTOR/4EBP1 signaling was
not assessed.
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