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1. Abstract
MicroRNAs (miRNAs) have been regarded as

modulators in vascular pathologies, including hyperten-
sion. Dysregulated proliferation and migration of VSMCs
(vascular smooth muscle cells) contributes to vascular re-
modeling during hypertension. miR-634 was reported to

be dysregulated in hypertensive patients. The involvement
of miR-634 in hypertension and the role of miR-634 on
VSMCs proliferation and migration were then evaluated.
Firstly, HASMCs (human aortic smooth muscle cells) were
incubated with 2 µM angiotensin (Ang) II for 12 hours to
establish the cell model of Ang II-induced hypertension.
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Results showed that Ang II treatment promoted prolifera-
tion and migration of HASMCs. Secondly, miR-634 was
down-regulated in the hypertensive patients, and reduced
in Ang II-induced HASMCs in a time dependent manner.
Functional assays revealed that Ang II promoted prolifera-
tion and migration of HASMCs were suppressed by miR-
634 mimic. Lastly, miR-634 targeted 3′ untranslated region
(UTR) ofWnt4, and reducedWnt4 expression in HASMCs.
miR-634 inhibited β-catenin nuclear translocation. Over-
expression of Wnt4 counteracted the suppressive effects of
miR-634 on Ang II-induced proliferation and migration of
HASMCs. In conclusion, miR-634 inhibitedHASMCs pro-
liferation and migration through inactivation of Wnt4/β-
catenin pathway.

2. Introduction

Hypertension causes cardiovascular diseases and
is considered as a world-wide disease [1]. The etiology of
hypertension is complicated with various pathogenic fac-
tors. Environmental and genetic factors could lead to in-
creased blood pressure through affecting physiological pro-
cesses [2], thus leading to hypertension [3]. Overreaction of
renin-angiotensin-aldosterone system, dysfunction of vas-
cular endothelial cells, cardiac hypertrophy and platelet
function injury have been widely regarded as pathogene-
sis of hypertension [4]. Meanwhile, vascular remodeling,
associated with dysregulated proliferation and migration
of VSMCs, is the central mechanism for hypertension [5].
Therefore, inhibition of VSMCs proliferation andmigration
represents an effective therapeutic strategy for hypertension
[6].

miRNA, or microRNAs, are small non-coding
RNAs with about 19–23 nucleotides in length in a class
of organisms [7]. It has been reported that miRNAs could
be involved in multiple pathological processes, including
VSMCs proliferation and migration, through targeting 3′

untranslated region (UTR) of mRNAs [7]. Moreover, miR-
NAs are closely related to vascular remodeling and en-
dothelial cell growth regulation [8]. Increasing evidence
has shown that miRNAs could control endothelial response
to regulate the secretion of inflammatory and pro-coagulant
mediators, thus regulating blood pressure during hyperten-
sion [9]. Therefore, miRNAs are reported to be implicated
in the pathogenesis of hypertension and may play an im-
portant regulatory role in the occurrence and development
of hypertension. For example, high-salt diet could lead to
the up-regulation of miR-29b in the renal medulla of rats
and miR-29b can regulate the expression of collagen genes
and related genes in vascular endothelial cells, thus regu-
lating salt-sensitive hypertension [10]. Decreased expres-
sion of miR-143 and miR-145 could lead to the decrease in
the number of vascular smooth muscle cells and vasocon-
striction force, resulting in the decrease in blood pressure
and amelioration of vascular disease [11]. Recently, studies

have found that miR-634 was down-regulated in idiopathic
pulmonary hypertension patients [12]. In addition, miR-
634 was also reduced in hypertensive patients [13]. How-
ever, the regulatory role of miR-634 in the pathogenesis of
hypertension remains elusive.

Wnt/β-catenin, a developmental signal pathway,
is involved in injury repair and tissue homeostasis [14]. In
heart tissue, Wnt signal is relatively silent, while activated
after cardiac injuries [15]. Dysregulation of Wnt/β-catenin
was involved in cardiac hypertrophy [16]. β-catenin is also
involved in renal fibrosis of hypertensive rats [17]. More-
over, hyperactive Wnt/β-catenin could promote the activa-
tion of renin-angiotensin system and contribute to hyperten-
sion [18]. Wnt4 was considered as a noninvasive biomarker
of renal injury post hypertension [19]. Therefore, Wnt4
may be a potential target for the treatment of hypertension.
In addition, miR-634 was down-regulated in Dupuytren’s
contracture and participated in deregulation of β-catenin
pathway [20]. This studywas then conducted to validate the
speculation that miR-634 regulated VSMCs proliferation
and migration during hypertension through Wnt/β-catenin
pathway.

3. Materials and methods

3.1 Study population

All procedures involved in human subjects were
approved by the Ethics Committee of the First Affiliated
Hospital of Xi’an Jiaotong University according to those
of the 1964 Helsinki Declaration and its later amendments
for ethical research involving human subjects. Forty-one
health people with systolic blood pressure <120 mmHg
and diastolic blood pressure <80 mmHg were recruited
at the First Affiliated Hospital of Xi’an Jiaotong Univer-
sity. Sixty-eight hypertensive patients with systolic blood
pressure ≥140 mmHg and/or diastolic blood pressure ≥90
mmHg were recruited at the First Affiliated Hospital of
Xi’an Jiaotong University. Written informed consents were
obtained from all the human subjects. Patients who had
cognitive impairment or incomplete tests or data were ex-
cluded in this study. Three mL peripheral blood from all the
human subjects was collected in tubes containing EDTA.
The samples were then centrifuged to separate the plasma
at 1000 g for 20 minutes. RNAs were extracted from the
plasma via mirVana™ PARIS™ kit (Ambion, Austin, TX,
USA) for the subsequently analysis. The clinical character-
istics of patients with hypertension were shown in Table 1.

3.2 Cell culture and treatment

HASMCs (human aortic smooth muscle cells) or
human vascular smooth muscle cells (HVSMCs) were ac-
quired from Lonza (Rockland, ME, USA) and cultured in
Smooth Muscle Cell Medium (SciencCell, Carlsbad, CA,
USA) supplemented with 10% fetal bovine serum (Lonza)
at 37 ◦C humidified incubator with 5% CO2. For the es-
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Table 1. Clinical characteristics of patients with
hypertension.

Healthy Hypertension
P

(n = 41) (n = 68)

Gender (F/M) 22/19 31/37 0.414

Age, years 44.93 ± 4.56 46.29 ± 5.35 0.175

Disease duration (years) 0 6.25 ± 3.08

BMI (kg/m2) 22.98 ± 1.60 22.73 ± 1.76 0.447

Overall SBP (mmHg) 118.21 ± 8.41 150.30 ± 6.46 <0.001

Overall DBP (mmHg) 69.97 ± 4.86 89.31 ± 4.59 <0.001

Daytime SBP (mmHg) 121.58 ± 11.12 149.43 ± 5.22 <0.001

Daytime DBP (mmHg) 78.13 ± 6.16 99.60 ± 4.02 <0.001

Glucose (mg/dL) 84.74 ± 5.51 86.15 ± 3.42 0.102

Total cholesterol (mg/dL) 174.79 ± 21.38 179.19 ± 16.11 0.226

HDL (mg/dL) 55.31 ± 10.95 52.87 ± 10.05 0.236

LDL (mg/dL) 95.97 ± 18.25 100.86 ± 22.29 0.238

Triglyceride (mg/dL) 93.08 ± 22.10 97.55 ± 30.39 0.414

CrCl (mL/min per 1.73 m2) 106.02 ± 27.56 110.40 ± 26.89 0.416

MAU (mg per 24 h) 15.42 ± 6.50 17.25 ± 6.98 0.177

CIMT (mm) 0.54 ± 0.11 0.78 ± 0.10 <0.001

CRP (mg/L) 1.47 ± 0.75 2.13 ± 1.11 0.001

miR-634 expression 1.05 ± 0.57 0.56 ± 0.40 <0.001

Pearson chi-square test is for Gender and T test for others.
BMI, body mass index; SBP, systolic blood pressure; DBP, dias-
tolic blood pressure; HDL, high density lipoprotein; LDL, low density
lipoprotein; CrCl, creatinine clearance; MAU, microalbuminuria; CIMT,
carotid intima media thickness; CRP, C-reactive protein.

tablishment of Ang II-induced hypertension cell model,
HASMCs or HVSMCs were cultured in Smooth Muscle
Cell Medium containing 2 µM Ang II for 12 hours be-
fore the functional assays. For the treatment of Ang II,
HASMCs were cultured in Smooth Muscle Cell Medium
containing 2 µM Ang II and 200 or 500 ng/mL human
Wnt4 recombinant protein (R&D Systems, Minneapolis,
MN, USA) for 12 hours before the functional assays.

3.3 Cell transfection

Mimic (5′-AACCAGCACCCCAACUUUGGAC
GGTATTCGCACTGGATACGACGAACTTT-3′) and
inhibitor (5′-CACUACUUUUGUGUCCCACUU-3′) of
miR-634, as well as the corresponding negative controls
(NC mimic, NC inhibitor), were acquired from Ribobio
(Guangzhou, China). Full length of Wnt4 was constructed
into pcDNA3.1 vector (Invitrogen, Carlsbad, CA, USA).
HASMCs were transfected with miR-634 mimic, inhibitor,
NC mimic, NC inhibitor, pcDNA-Wnt4 or pcDNA vector
by Lipofectamine 3000 (Invitrogen). Twenty-four hours
later, cells were treated with or without 2 µM Ang II, 200
or 500 ng/mL human Wnt4 recombinant protein for 12
hours before the functional assays.

3.4 Proliferation assay

HASMCs (4000 cells/well) were seeded and then
treated with or without different treatment or transfec-
tion. After the different treatment, cultured medium of
HASMCswere changed to fresh medium containing 50 µM
EdU (Sigma-Aldrich, St. Lou-is, MO, USA) for 4 hours.
Cells were then fixed in 4% paraformaldehyde, and incu-
bated with EdU antibody for 2 hours. After washing with
phosphate-buffered saline, cells were incubated with 200
µL Apollo staining reaction buffer. The immunostaining
was in 5 randomly selected fields measured under fluores-
cence microscopy (Nikon, Tokyo, Japan) with nuclei stain-
ing with DAPI.

3.5 Transwell assay

HASMCs (30000 cells/well) in serum-free
medium were seeded to the top of the chamber with 8
µm pore size (Coatar, Cambridge, MA, USA). Cultured
medium containing 20% fetal bovine serum was added
to the low chamber. Twenty-four hours after incubation,
migrating cells to the low chamber were washed, fixed and
stained with crystal violet. Cells in 5 randomly selected
fields were measured under microscope (Nikon) using
Image J (NIH, Bethesda, MD, USA).

3.6 Luciferase reporter assay

The 3′ UTR of Wnt4 containing miR-634 binding
site or mutant control without the binding site were sub-
cloned into pGL3 vector (GenePharma, Suzhou, China).
HASMCs (20000 cells/well) were seeded and then co-
transfected with pRL-TK (10 ng), miR-634 mimic or NC
mimic (20 nM) and the pGL3 vectors (100 ng). Luciferase
activities were performed via Dual luciferase reporter assay
kit (Promega, Madison, WI, USA) 48 hours after transfec-
tion.

3.7 qRT-PCR

Plasma RNAs, miRNAs or RNAs extracted
from HASMCs were isolated and reverse-transcribed into
cDNAs. qRT-PCR analysis was conducted with Quanti-
Tect SYBR Green PCR Master Mix (Qiagen, Valencia,
CA, USA). GAPDH or U6 were used as endogenous
controls. The primer sequences were showed as below:
miR-634 (F: 5′-ATTATGTTAGTTAGGATGGTTTCGA-
3′; R: 5′-ATATCCACAAACAAATAACTTCGTT-3′);
Wnt4 (F: 5′-AGGAAGCCAGGTAAAGTGCTC-
3′; R: 5′-CAGCCAGACCACTCAAAGTTG-3′);
GAPDH (F: 5′-ACCACAGTCCATGCCATCAC-
3′; R: 5′-TCCACCACCCTGTTGCTGTA-3′); U6
(F: 5′-CTCGCTTCGGCAGCACATA-3′; R: 5′-
AACGATTCACGAATTTGCGT-3′).
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Fig. 1. miR-634 was reduced in Ang II-induced HASMCs.
(A) The effect of 2 µM Ang II on cell proliferation of HASMCs was detected by EdU staining. (B) The effect of 2 µM Ang II on cell migration of
HASMCs was detected by transwell. (C) Invasion cells number affected by Ang II treatment. (D) The effect of 2 µM Ang II on miR-634 expression of
HASMCs in different time. ** p < 0.01. Scale bars: 50 µm.

3.8 Western blot

For isolation of cytoplasm and nuclear fraction-
ation, HASMCs were harvested and suspended in isola-
tion buffer A containing protease inhibitors (HiScript II
First Strand cDNA Synthesis Kit; Vazyme Biotech, Nan-
jing, Jiangsu, China). After rotating for 1 minute and cen-
trifuging at 12000 g for 5 minutes, supernatant with cyto-
plasm fraction was collected. The debris was suspended in
isolation buffer B containing protease inhibitors, and then
rotated for the collection of nuclear fractionation. For west-
ern blot analysis, proteins (30 µg) extracted from HASMCs
were subjected to sodium dodecyl sulfate-polyacrylamide
gel electrophoresis, and then electro-transferred onto ni-
trocellulose membrane. Membranes were blocked in 5%
skim milk, and incubated with primary antibodies: anti-
Wnt4 (1:1500; Abcam, Cambridge, MA, USA), anti-β-
catenin (1:2500; Abcam, Cambridge, MA, USA), anti-
Histone, anti-GAPDH and anti-β-actin (1:3000; Abcam,
Cambridge, MA, USA). After incubation with horseradish
peroxidase labeled secondary antibody (1:5000; Abcam,
Cambridge, MA, USA), the signals were determined by
Amersham enhanced chemiluminescence detection system
(GE Healthcare Life Sciences, Little Chalfont, UK).

3.9 Statistical analysis

All the experiments were performed at least in trip-
licates. Data were expressed as mean± SD, and performed
by SPSS 19.0 software (SPSS, Chicago, IL, USA). Statisti-
cal analysis was determined by Student’s t-test or one-way
analysis of variance. p value < 0.05 was considered to be
statistically significant.

4. Results

4.1 miR-634 was reduced in Ang II-induced HASMCs

To establish cell model of hypertension, HASMCs
were incubated with culture medium containing 2 µMAng
II for 12 hours. Ang II treatment promoted HASMCs pro-
liferation, as demonstrated by increased EdU incorpora-
tion (Fig. 1A). Ang II treatment also promoted migration
of HASMCs by (Fig. 1B), as shown by increased cell mi-
gration in HASMCs treated with Ang II compared with
the control (Fig. 1C), suggesting successful cell model of
hypertension. miR-634 was down-regulated in Ang II-
induced HASMCs in a time dependent manner (Fig. 1D),
suggesting that miR-634 might be involved in regulation of
HASMCs proliferation and migration.

4.2 miR-634 suppressed Ang II-induced HASMCs
proliferation and migration

To evaluate the role of miR-634 in HASMCs pro-
liferation andmigration, HASMCs or HVSMCswere trans-
fected with miR-634 mimic and then treated with Ang
II. qRT-PCR confirmed the up-regulation of miR-634 in
HASMCs (Fig. 2A) and HVSMCs (Supplementary Fig.
1A) transfected with miR-634 mimic. Over-expression of
miR-634 suppressed cell proliferation (Fig. 2B) and mi-
gration (Fig. 2C,D) of HASMCs, as evidenced by the de-
creased EdU incorporation (Fig. 2B) and invasion cells
number (Fig. 2D) in HASMCs transfected with miR-
634 mimic compared with cells transfected with nega-
tive control. Moreover, transfection with miR-634 mimic
suppressed the cell proliferation (Fig. 2B) and migration
(Fig. 2C,D) of Ang II-induced HASMCs, suggesting that
miR-634 might contribute to amelioration of hypertension.
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Fig. 2. miR-634 suppressed Ang II-induced HASMCs proliferation and migration.
(A) Transfection efficiency of miR-634 mimic in HASMCs was detected by qRT-PCR. (B) Effect of miR-634 on cell proliferation of HASMCs with or
without Ang II treatment. (C) Effect of miR-634 on cell migration of HASMCs with or without Ang II treatment. (D) Effect of miR-634 on invasion cells
number of HASMCs with or without Ang II treatment. *, **, p < 0.05, p < 0.01. NC mimic: negative control of miR-634 mimic. Scale bars: 50 µm.

The cell proliferation (Supplementary Fig. 1B) and mi-
gration (Supplementary Fig. 1C,D) of HVSMCs were
also promoted by Ang II treatment, while reduced by over-
expression of miR-634.

4.3 Wnt4 was a target gene of miR-634

To investigate the mechanism of miR-634 in
HASMCs, the target gene of miR-634 was predicted as
Wnt4 via Targetscan (http://www.targetscan.org/vert_72/)
(Fig. 3A). Luciferase activity of pGL3-WT-Wnt4 was de-
creased in HASMCs transfected with miR-634 mimic com-
pared with the negative control (Fig. 3B), while activity
of pGL3-MUT-Wnt4 was not affected by miR-634 mimic
compared with the negative control (Fig. 3B), suggesting
that miR-634 could target Wnt4 in HASMCs. To vali-

date effect of miR-634 onWnt4 expression, HASMCs were
transfected with miR-634 mimic or inhibitor (Fig. 3C). Re-
sults revealed that mRNA (Fig. 3D) and protein (Fig. 3E)
of Wnt4 were reduced by miR-634 mimic, while en-
hanced by the inhibitor. Moreover, Wnt4 was up-
regulated in HASMCs after 12 hours of Ang II treatment
(Supplementary Fig. 2A,B). These results indicated that
miR-634 could target Wnt4 and repress its expression.

4.4 Over-expression of Wnt4 counteracted the
suppressive effects of miR-634 on Ang II-induced
HASMCs proliferation and migration

To investigate the role of miR-634/Wnt4 axis in
HASMCs, Ang II-induced HASMCs were transfected with
pcDNA-Wnt4 or cotransfected with miR-634 mimic and

http://www.targetscan.org/vert_72/
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Fig. 3. Target gene of miR-634.
(A) Potential binding target of miR-634 was predicted as Wnt4. (B) The effect of miR-634 on luciferase activities of pGL3-WT-Wnt4 and pGL3-MUT-
Wnt4. (C) Transfection efficiency of miR-634 mimic or inhibitor in HASMCs was detected by qRT-PCR. (D) Effect of miR-634 on mRNA expression of
Wnt4 in HASMCs. (E) Effect of miR-634 on protein expression of Wnt4 in HASMCs. ** p< 0.01. NC inhibitor: negative control of miR-634 inhibitor.

pcDNA-Wnt4. The transfection efficiency of pcDNA-
Wnt4 was shown in Supplementary Fig. 3. Results
showed that over-expression of Wnt4 aggravated the pro-
motive effects of Ang II on cell proliferation (Fig. 4A)
and migration (Fig. 4B,C). However, cotransfection with
miR-634 mimic and pcDNA-Wnt4 attenuated the promo-
tive effects of Wnt4 on Ang II-induced HASMCs pro-
liferation (Fig. 4A) and migration (Fig. 4B,C). These re-
sults showed that miR-634/Wnt4 axis participated in reg-
ulation of Ang II-induced HASMCs proliferation and mi-
gration. As a downstream target of Wnt4, nuclear distribu-
tion of β-catenin (Fig. 4D) was decreased in Ang II-induced
HASMCs transfected with miR-634 mimic, while the cy-
toplasmic distribution was increased (Fig. 4D). Moreover,
over-expression of Wnt4 enhanced the nuclear distribution
of β-catenin (Fig. 4D) while decreased the cytoplasmic dis-
tribution (Fig. 4D). Furthermore, over-expression of Wnt4
reversed the inhibitory effect of miR-634 on nuclear dis-
tribution of β-catenin (Fig. 4D) and the promotive effect
on the cytoplasmic distribution (Fig. 4D). The subcellular
distribution of β-catenin indicated that function of miR-
634/Wnt axis was dependent on β-catenin pathway. In
vitro treatment with Wnt4 protein significantly promoted
cell proliferation (Fig. 4E) andmigration (Fig. 4F) in a dose-
dependent manner, as demonstrated that 500 ng/mL Wnt4
treatment showed more EdU incorporation (Fig. 4E) and
migration cells (Fig. 4G) of Ang II-induced HASMCs than

200 ng/mLWnt4 treatment. Moreover, nuclear distribution
of β-catenin (Fig. 4H) was promoted by Wnt4 treatment,
while cytoplasmic distribution (Fig. 4G) was suppressed.
Therefore, miR-634 could decrease Wnt4 to reduce nuclear
distribution of β-catenin, thus suppressing Ang II-induced
HASMCs proliferation and migration.

4.5 miR-634 was reduced in hypertensive patients

Expression level of miR-634 in hypertensive pa-
tients was evaluated by qRT-PCR. Plasma samples from
healthy individuals or hypertensive patients were analyzed
and the result showed a significant decrease in miR-634 in
hypertensive patients compared with health individuals (p
< 0.01, Fig. 5). Analysis between miR-634 expression and
clinical characteristics of patients with hypertension was
shown in Table 1, suggesting that miR-634 might regulate
hypertension.

5. Discussion

miRNA regulate renal function tomaintain normal
blood pressure [21]. Extracellular vesicles secreted bymiR-
27a promoted blood pressure and led to hypertension [22].
miRNA target VSMCs to mediate vascular resistance or re-
modeling for the development of hypertension [23]. For
example, reduction of miR-34a resulted in increased pro-
liferation of human pulmonary artery smooth muscle cells
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Fig. 4. Over-expression of Wnt4 counteracted the suppressive effects of miR-634 on Ang II-induced HASMCs proliferation and migration.
(A) Effect of miR-634 mimic and pcDNA-Wnt4 on cell proliferation of HASMCs with Ang II treatment. (B) Effect of miR-634 mimic and pcDNA-Wnt4
on cell migration of HASMCswith Ang II treatment. (C) Effect of miR-634mimic and pcDNA-Wnt4 on cell migration of HASMCswith Ang II treatment.
(D) Effect of miR-634 mimic and pcDNA-Wnt4 on nucleus and cytoplasmic distribution of β-catenin in HASMCs with Ang II treatment. (E) The effect
of in vitro treatment with 200 or 500 ng/mL Wnt4 protein on cell proliferation of miR-634 mimic-transfected HASMCs under Ang II treatment. (F) The
effect of in vitro treatment with 200 or 500 ng/mL Wnt4 protein on cell migration of miR-634 mimic-transfected HASMCs under Ang II treatment. (G)
The effect of in vitro treatment with 200 or 500 ng/mL Wnt4 protein on invasion cells number of miR-634 mimic-transfected HASMCs under Ang II
treatment. (H) The effect of in vitro treatment with 200 or 500 ng/mL Wnt4 protein on nucleus distribution and decreased cytoplasmic distribution of
β-catenin in miR-634 mimic-transfected HASMCs under Ang II treatment. ** p < 0.01. Vector: pcDNA-3.1 vector. Scale bars: 50 µm.

and contributed to pulmonary arterial hypertension devel-
opment [24]. Over-expression of miR-17-5p regulated cell
proliferation of human pulmonary artery smooth muscle
cell through targeting arginase II [25]. Abrogation of pul-
monary artery smooth muscle cells proliferation and migra-
tion by miR-233 led to the attenuation of vascular remod-
eling and pulmonary arterial hypertension [26]. However,
whether miR-634 is associated with VSMCs proliferation
and migration, thus regulating hypertension, remains un-
clear.

Previous study has indicated that miRNAs could
be dysregulated in plasma samples or renal tissues of hyper-
tensive patients, thus representing biomarkers of hyperten-
sion [27]. Down-regulation of miR-634 in idiopathic pul-
monary hypertension patients [12] or hypertensive patients
[13] have also been reported. Data from the present study

revealed that miR-634 was down-regulated in the plasma of
hypertensive patients. However, the smaller sample size, as
well as devoid of clinicopathological correlation between
miR-634 expression and hypertensive patients, restricted
the use of circulating miR-634 as biomarker for hyperten-
sive patients.

Ang II, a peptide hormone with vasoconstrictor
effect, was elevated in plasma of essential hypertension
[28]. Ang II could induce phenotypic transformation of
VSMCs [29], and promote proliferation and migration of
VSMCs, leading to vascular remodeling for the develop-
ment of hypertension [30]. Therefore, Ang II-induced
HASMCs has been widely used as a cell model of hyper-
tension [31]. Our results also showed increased HASMCs
proliferation and migration by Ang II treatment. More-
over, miR-634 was reduced in Ang II-induced HASMCs
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Fig. 5. miR-634 was reduced in hypertensive patients.
Expression level of miR-634 in hypertensive patients and healthy individ-
uals. ** p < 0.01.

in a time-dependent manner, suggesting the potential role
of miR-634 in VSMCs.

Inhibition of Ang II-induced VSMCs proliferation
and migration could facilitate the amelioration of hyperten-
sion [32, 33]. miR-634 has been reported to demonstrate
anti-tumor activity by inhibition of cancer cell prolifera-
tion and migration [34–36]. Data from EdU staining and
transwell assay showed that miR-634 suppressed Ang II-
induced HASMCs proliferation and migration, suggesting
that miR-634 might be a potential target for the intervention
of hypertension. Moreover, regulation of VSMCs differen-
tiation [37] or contraction [38] participate in development
of hypertension. The effect of miR-634 on VSMCs differ-
entiation and contraction needs to be further investigated.
Tissue macrophages play an important role in the pathogen-
esis of hypertension [39]. Macrophage-derived exosomes
promoted the inflammation of endothelial cells, thus partic-
ipating in hypertension [40]. Antibodies against endothe-
lial cells mediated pulmonary arterial hypertension through
regulation of endothelial cell apoptosis [41]. Since endothe-
lial cells have been shown to release hyperpolarizing fac-
tors to modulate VSMCs and implicated in the pathophysi-
ology of hypertension [42]. The regulatory role of miR-634
on other cells (endothelial cells, macrophages and immune
cells) involved in hypertension should be investigated.

Prediction via Targetscan 7.2 (http://www.target
scan.org/vert_72/) and validation by luciferase activity as-
say further confirmed that miR-634 could target Wnt4 in
HASMCs. Moreover, miR-634 could decrease the expres-
sion of Wnt4. As reported before, Wnt4 was increased
during proliferation process of VSMCs [43], and activa-
tion of Wnt pathway could contribute to VSMC prolifer-
ation and migration [44]. Therefore, inhibition of Wnt
pathway could be useful for suppression of VSMCs prolif-
eration and migration, thus attenuating hypertension [45].
Here, our results indicated that over-expression of Wnt4
promoted VSMCs proliferation and migration, and coun-

teracted the suppressive effects of miR-634 on Ang II-
induced HASMCs proliferation and migration. These re-
sults suggested that miR-634 could attenuate hypertension
through inhibition of Wnt pathway. Wnt could activate Di-
sheveled and rescue β-catenin from destruction, and pro-
mote the nuclear translocation of β-catenin, thereby me-
diating renin-angiotensin system genes expression to reg-
ulate vascular remodeling or blood pressure during hyper-
tension [46]. Data in this study showed that miR-634 in-
creased cytoplasmic distribution of β-catenin, while over-
expression of Wnt4 or in vitro Wnt4 treatment reversed
the suppressive effect of miR-634 on nuclear distribution
of β-catenin, suggesting that Wnt/β-catenin pathway was
involved in miR-634-mediated hypertension. In addition,
non-canonical Wnt pathway was also found to be impli-
cated in development of hypertension [47]. Whether non-
canonical Wnt pathway was involved in miR-634-mediated
hypertension remains to be investigated.

6. Conclusions

In general, our study for the first time demon-
strated that miR-634 functioned as a novel regulator of
VSMCs proliferation and migration via inhibiting Wnt4/β-
catenin pathway. As shown in Supplementary Fig. 4,
miR-634 was down-regulated in Ang II-induced HASMCs,
and over-expression of miR-634 suppressed proliferation
and migration of Ang II-induced HASMCs through target-
ing of Wnt4. Over-expression of Wnt4 counteracted the
suppressive effects of miR-634 on Ang II-induced prolif-
eration and migration of HASMCs. This study provides
new perspective for understanding the implication of miR-
634 during intervention of hypertension. However, the def-
inite role of miR-634 in treatment of hypertension needs to
be further confirmed in transgenic mice models with miR-
634 overexpression or silencing. Moreover, only one cell
line (HASMCs) was used in this study, the effect of miR-
634 on other cells (endothelial cells, macrophages and im-
mune cells), as well as the effect on interaction between
HASMC and immune cells, should be investigated in fur-
ther research.
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