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Abstract

Background
This study was aimed to investigate the functional role of the microRNA (miR)-132-3p in rat vascular
smooth muscle cells (VSMCs) and the potential mechanisms in abdominal aortic aneurysm (AAA).

Methods
VSMCs were transfected with miR-132-3p mimics and inhibitors, and the effects of miR-132-3p on
VSMCs proliferation, migration were assessed by CCK-8 assay and Boyden chamber cell invasion assay,
respectively. miRNA targets were determined using bioinformatics and luciferase reporter assays. The
protein expression of phenotype markers and related signaling pathways were detected by Western blot.

Results
Overexpression of miR-132-3p in VSMCs attenuated VSMCs proliferation and migration. Conversely, the
opposite effect was obtained with the inhibition of miR-132-3p. We further demonstrated that miR-132
could signi�cantly promote the expression of VSMCs marker genes ACTA2 and MYH1. Reporter assays
and western blot validated that PTEN as a direct target of miR-132-3p in VSMCs. Besides, miR-132-3p
overexpression could also promote the expression of ras and c-myc, and activate the phosphorylation
levels of ERK1/2.

Conclusions
These results indicate that miR-132-3p is a critical regulator in maintaining normal functions of VSMCs
through PTEN-ERK1/2 axis. Restoring expression of miR-132-3p may serve as a potential therapeutic
approach for treatment of AAAs.

Background
Abdominal aortic aneurysm (AAA) rupture is one of the major causes of death in elderly people[1, 2].
Although current frontline therapy options such as surgery and endovascular treatment have been
improved greatly in recent years, the molecular mechanism responsible for AAA formation is still unclear,
which makes the development of medical therapies much slower 3. Aneurysm formation is a complicated
multifactorial progressive process involving destructive remodeling of the connective tissue around the
affected segment of the aorta wall, characterized by dysfunctions in the vascular smooth muscle
cells(VSMCs) which may be responsible for the progression of AAAs [2, 3, 4].
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MicroRNAs (miRNAs) are single-stranded RNA molecules of approximately 19–25 nucleotides in length
that can mediate multiple cellular processes, including proliferation, differentiation and apoptosis [5, 6]. A
number of normally expressed miRNAs have been reported in the cardiovascular system, to attune
VSMCs phenotypes and functions and to be abnormally expressed in vascular diseases [7–11]. miRNAs
could make a precise regulation of the intricate molecular networks by modulating mRNA and/or protein
levels at the post-transcriptional level.

miR-132-3p was �rst identi�ed with a 7-fold high expression in a rat AAA model in our previous study, but
its role in AAAs formation is not fully understood [10]. Therefore, further study of the effect of miR-132-3p
on VSMCs functions will help us understand its molecular mechanism in the formation of AAAs and
develop new diagnostic and therapeutic approaches. In the present study, we demonstrated that miR-132-
3p could mediate VSMCs function, activate ERK1/2 signaling pathway and directly target phosphatase
and tensin homolog (PTEN), which might be a new therapeutic target for AAAs.

Results
miR-132-3p mediates VSMCs proliferation and migration.

The miR-132-3p mimic, inhibitor and control were transfected into VSMCs, and the expression of miR-
132-3p was veri�ed by qRT-PCR. Figure 1 (A) shows that the level of miR-132-3p expression was
signi�cantly downregulated in cells transfected with the miR-132-3p inhibitor. When the miR-132-3p
mimic was transfected, the miR-132-3p level was remarkably increased compared to that in the control
cells (Fig. 1B). A CCK-8 assay demonstrated that downregulation of miR-132-3p promoted cell
proliferation, while the miR-221-3p mimic impaired cell proliferation on the contrary. (Fig. 1C) Moreover,
inhabitation of miR-132-3p promoted VSMCs migration as assessed by Boyden chamber assays
(Fig. 1D). In contrast, overexpression of miR-132-3p in VSMCs signi�cantly attenuated VSMCs migration
(Fig. 1E). Together, these data demonstrate that miR-132-3p is a potent inhibitor for VSMCs proliferation
and migration.

miR-132-3p regulates the expression of phenotype marker
genes
The modulation between a contractile phenotype and synthetic phenotype in smooth muscle cells was
associated with changes in proliferation ability, migration capability, and expression level of VSMCs
marker genes11. Smooth muscle a-actin (ACTA2) and smooth muscle myosin heavy chain (MYH11) were
changed markedly during VSMCs phenotype modulation 12,13. To reveal the role of miR-132-3p in
regulating the expression of VSMCs marker genes, we transiently transfected rat VSMCs with miR-132-3p
mimics or inhibitors for 72 h. The expression levels of marker genes in VSMCs were examined by western
blotting with ACTIN as the internal reference. The results showed that miR-132-3p downregulated the
expression of contractile phenotype marker genes (Fig. 2A), while it upregulated that of synthetic
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phenotype marker genes (Fig. 2B). Our �ndings showed that overexpression of miR-132-3p by mimics
signi�cantly attenuated contractile marker expression in cultured VSMCs.

PTEN was a target of miR-132-3p
Among predicated candidate genes, we found that the gene encoding PTEN harbored a potential miR-
132-3p binding site. The alignment of miR-132-3p and the 3’-UTR of PTEN was shown of Fig. 3A. Next,
the wild type or mutant 3’UTR of PTEN gene was cloned and inserted into pMIR reporter vector. The
results showed that overexpression of miR-132-3p led to a diminish of the luciferase activity carrying the
wild-type PTEN 3’UTR but had noticeable effect on the luciferase reporter with mutated PTEN 3′-UTR
(Fig. 3B). Transfection of miR-132 mimic also decreased the protein amount of PTEN (Fig. 3C, D).
Conversely, down-regulation of miR-132-3p inhibitor signifcantly increased the expression levels of PTEN
(Fig. 3C, D). Therefore, our results indicated that PTEN might be a target of miR-132-3p in VSMCs.

Overexpression of miR-132-3p activates ERK 1/2 signaling pathway

In this study, we also explored whether ERK signaling pathway activation was affected by miR-132-3p.
Ras, c-Myc, ERK1/2 and p-ERK1/2 expression levels were measured in VSMCs by western blot analysis
after transfection with miR-132-3p mimics, inhibitors or miR-control. Our results demonstrated that
overexpression of miR-132-3p obviously activated ERK1/2 phosphorylation and promoted c-myc, ras
protein level, whereas Erk1/2 protein were not signi�cantly changed, (Fig. 4).

Discussion
Alterations of VSMCs structural and functional connectivity have previously been described to play a
crucial role in the initiation and progression of cardiovascular diseases, such as atherosclerosis obliteran,
restenosis, and hypertension [11, 14]. VSMCs phenotypes can be switched to each other reversibly, and
once irreversible transformation occurs, vascular disease occurs [15]. It has been shown that phenotypes
of VSMCs change from the contractile to the synthetic phenotype contribute to atherosclerosis, aortic
aneurysms, and neointimal proliferation [16, 17]. Therefore, therapeutic strategies that regulate abnormal
VSMCs phenotypic alterations hold great promise for impeding the progression of vascular diseases.

Previous studies demonstrated that miRNAs participated in regulating VSMCs phenotype alterations[18].
In line with these studies, our in vitro experiments further indicated that upregulation of miR-132-3p in
VSMCs strongly upgraded the expression levels of SMC-speci�c genes, while down-regulation of miR-
132-3p had the reverse effect on these markers. In order to investigate the molecular mechanism of
microRNA-132-3p in VSMCs function regulation, we identi�ed PTEN as a direct downstream target of
miR-132-3p

PTEN is a member of type-I protein tyrosine phosphatase (PTP) family, originally found as a tumor-
suppressed gene, regulating tumorigenic functions, such as apoptosis, cell cycle, cell adhesion, and cell
migration [19, 20]. Current evidence showed that it could inhibit the cell proliferation and migration inLoading [MathJax]/jax/output/CommonHTML/jax.js
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VSMCs[21, 22]. In our study, we con�rmed that overexpression of miR-132-3p signi�cantly represses
PTEN expression in rat VSMCs and validated the transcription factor PTEN as a direct target of miR-132-
3p in VSMCs. Additionally, ectopic expression of miR-132-3p inhibited cell proliferation and decelerated
VSMCs migration. Therefore, we may conclude miR-132-3p mediate the function and phenotype change
of VSMCs via PTEN.

Extracellular signal-regulated kinase (ERK) 1/2signaling pathway plays a crucial role in phenotypic
modulation in VSMCs[23], regulating both contractile[24] and synthetic markers[25].It has also been
found highly expressed in AAA tissues, which is an important modulator of MMPs during AAA
formation[26, 27].Interestingly,ERK1/2 pathway was negatively regulated as an important downstream
target of PTEN in many diseases[28, 29]. Similarly, our results revealed that miR-132-3p could impede
PTEN expression and promote ERK phosphorylation along with its downstream target genes activation
(c-myc, ras). Therefore, these �ndings suggest that the inhibitory effects of overexpressed miR-132-3p on
AAA formation likely result from a combination of its ability to target both PTEN and ERK1/2 pathway.

It should be noted that there are some limitations to our study. There were more than a hundred predicted
targets for miR-132-3p according to the website tools used. Whether these unexamined target genes
could participate in miR-132-3p mediated VSMCs function is unknown. Even among the con�rmed genes
in this study, their interactions are still unclear. These limitations will hopefully be addressed in future
studies.

Conclusions
In conclusion, miR-132-3p serves as an important regulator of VSMCs proliferation, migration and
promotes a VSMCs synthetic phenotype modulation through targeting PTEN- ERK1/2 axis. Therefore,
restoring miR-132-3p expression in the VSMCs may become an attractive therapeutic approach for
treatment of AAA.

Methods

Cell culture and transfection
Rat Aortic Smooth Muscle Cell lines (A7R5) were obtained from the Shanghai Institutes for Biological
Sciences (Shanghai, China). The cells were cultured in DMEM supplemented with 10% fetal bovine serum
(FBS) in a humidi�ed atmosphere of 5% CO2 at 37.5 °C.Rat-miR-132 mimics, miR-132-3p inhibitor and
control mimics (NC) were synthesized by Genepharma (Shanghai, China). The sequences were as
follows: miR-132-3p mimics, 5- UAACAGUCUACAGCCAUGGUCG-3′; miR-132-3p inhibitor, 5′-
CGACCAUGGCUGUAGACUGUUA-3′. Transfection was performed by lentiviral vectors with a concentration
of 50 nM (Invitrogen, CA, USA) according to the manufacturer’s instructions. Quantitative real-time PCR
(qRT-PCR) was used to determine the transfection e�ciency.
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Cell viability assay and migration Assessment.

Cell suspension (100µL/well) transfected with miR-132-3p or control miRNA mimics was innoculated in a
96-well plate. Add 10µL of the CCK-8 solution to each well of the plate. Cell viability was measured with
absorbance at 450 nm using a microplate reader. Boyden chamber cell invasion assays were performed
according to the manufacturer's protocol (Chemicon, Billerica, MA, USA). Brie�y, VSMCs (5 × 104)
transfected with 40 nmol/L indicated miR-132-3p or control for 48 hours,and 2,500 cells were placed into
Boyden chambers. The migrated cell numbers were determined from three random �elds.

Quantitative Real-time PCR
Total RNA from VSMCs was isolated using TRIzol reagent (Invitrogen, Waltham, MA, USA) according to
the manufacturer’s protocol. PrimeScript™ RT Master Mix and a SYBR® Premix Ex TaqTM II kit (TaKaRa
Bio, Otsu, Shiga, Japan) were used to make reverse transcription. Then, miR-132-3p was detected by
hairpin-it miRNA qRT-PCR kits (Genepharma, Shanghai, China). The samples were run on an ABI7500
Real-time PCR detection system (Applied Biosystems, Foster City, CA, USA) with the following conditions:
95 °C for 5 min, followed by 40 repetitions of 95 °C for 5 s and 60 °C for 20 s. U6 and GAPDH were used
as the internal controls.

Western blot
Cell extracts was extracted with RIPA buffer and measured with a BCA protein quanti�cation kit (Thermo
Scienti�c, Rockford, IL, USA). A total of 40 µg of protein was subjected to SDS-PAGE electrophoresis and
transferred to a PVDF membrane (Millipore, Boston, MA, USA). All the primary antibodies were obtained
from Cell Signaling Technology (Danvers, MA, USA). The membranes were blocked with 5% non-fat milk
and incubated with primary antibody at 4 °C overnight. Then, the membranes were incubated with HRP-
conjugated anti-rabbit or anti-mouse antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA).

miRNA target prediction
Online tools were used to predict potential binding sites of miR-132-3p using TargetScan
(http://www.targetscan.org/) and Mircode (http://www.mircode.org/).The putative binding sites of target
genes should have perfect pairing at the 5' 2–8 position of the miRNAs.

Luciferase reporter assay
Cells were plated in 100-mm cell culture dishes and co-transfected with reporter construct using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's protocol. The cells
were harvested after a 24 h post-transfection. Dual Luciferase Assay (Promega,WI) was performed to
testify Luciferase and Renilla luciferase activities according to the manufacturer’s instructions.Relative
�re�y luciferase values were reported as �nal results, which were normalized to the Renilla luciferase
activity. All transfection assays were repeated in three times.

Statistical analysis
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Data were expressed as the means ± standard deviations. A student's t test or one-way ANOVA was used
to compare variables. Differences were considered to be statistically signi�cant at P-values < 0.05. All
statistical analyses were performed using the SPSS statistical package (version 18.0; SPSS Inc., Chicago,
Illinois).
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Figure 1

miR-132-3p regulates VSMCs proliferation and migration. (A-B. The expressions of miR-132-3p in VSMCs
lines transfected with miR-132-3p mimic or inhibitor detected by RT-qPCR. (C). VSMCs proliferation was
increased by a miR-132-3p inhibitor and decreased by miR-132-3p mimics. Cell proliferation was detected
with a CCK-8 assay. (D-E). The Boyden chamber assay was performed to assess cell migration.
Overexpression of miR-132-3p in VSMCs signi�cantly attenuated VSMCs migration. *P<0.05.
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Figure 2

miR-132-3p modulates the expression of phenotype marker genes. (A) Overexpression and inhibition of
miR-132-3p, respectively, promotes and inhibits ACTA2 and MYH11 expression in VSMCs. (B)
Densitometric analysis of VSMCs marker genes ACTA2 and MYH11. *P<0.05. (Original pictures can be
found in Supplementary s-�g2 ).

Loading [MathJax]/jax/output/CommonHTML/jax.js



Page 13/15

Figure 3

PTEN acts as a direct target gene of miR-132-3p.(A) Position of predicted miR-132-3p target sites in the
3′-UTRs of PTEN. (B) Luciferase activities were detected using qRT-PCR. (C) The protein levels of PTEN
was examined by Western blot in cells transfected with NC or miR-132 mimic or inhibitor. (D)
Densitometric analysis of PTEN expression. *P<0.05. (Original pictures can be found in Supplementary s-
�g3 ).
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Figure 4

ERK1/2 signaling pathway is regulated by miR-132-3p. (A)Total levels of Erk1/2 protein were not
signi�cantly changed, whereas p-ERK1/2 was up-regulated in miR-132-3p mimic cells. Expression of c-
myc and ras was increased in miR-132-3p overexpression cells, compared to miR-132 NC and inhibitor
cells. (B) Densitometric analysis of ERK1/2, c-myc and ras expression. *P<0.05. (Original pictures can be
found in Supplementary s-�g4 ).
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