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MicroRNA-125b is involved in atherosclerosis
obliterans in vitro by targeting podocalyxin
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Abstract. Cardiovascular disease associated with oxida-
tive stress, including atherosclerosis, is the leading cause of
mortality worldwide. The accelerated proliferation and migra-
tion of vascular smooth muscle cells are the predominant
characteristics of atherogenesis, and endothelial dysfunction
is a major risk factor for the pathogenesis of atherosclerosis.
Podocalyxin (PODXL), a type I member of the cluster of differ-
entiation 34 family of sialomucins, functions as a pro-adhesive
molecule. Emerging evidence has revealed the importance of
micro (mi)RNAs in the cardiovascular system. The present
study demonstrated that there was an inverse association
between miRNA (miR)-125b and PODXL in human umbilical
vein endothelial cells and human aortic vascular smooth muscle
cells (HAVSMCs) treated with oxidized low-density lipopro-
tein (LDL) and platelet derived growth factor. Additionally,
miR-125b had a suppressive function in cell proliferation
and migration, at least partially via targeting PODXL in the
HAVSMC:s. Furthermore, the data suggested that the functions
of miR-125b in arteriosclerosis obliterans may be associated
with transgelin, lectin-type oxidized LDL receptor-1, vascular
endothelial-cadherin, intercellular adhesion molecule-1,
interleukin-6 and monocyte chemotactic protein-1. In conclu-
sion, miR-125b was found to be important in arteriosclerosis
obliterans by suppressing the expression of PODXL and may
serve as a potential therepeutic target for the treatment of arte-
riosclerosis obliterans.

Introduction

Cardiovascular diseases associated with oxidative stress,
including atherosclerosis, have become the leading cause of
mortality worldwide (1). The accelerated proliferation and
migration of vascular smooth muscle cells (VSMCs) are the
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predominant characteristics of atherogenesis, and endothelial
dysfunction is a major risk factor for the pathogenesis of athero-
sclerosis (2). Low-density-lipoprotein (LDL)-cholesterol is a
clear predictor of cardiovascular disease and platelet-derived
growth factor (PDGF), secreted by macrophages, exacerbates
atherogenesis-stimulated VSMC proliferation and plaque
neovascularisation (3). Podocalyxin (PODXL), a type I member
of the cluster of differentiation 34 family of sialomucins, was
originally observed in the epithelial cells of renal glomeruli
(podocytes), which acted as a marker for the progression of
kidney inflammatory diseases (4,5). PODXL is also observed in
vascular endothelium and in breast cancer, in which the expres-
sion levels appear to correlate with the metastatic capacity (6).
A previous study reported that the overexpression of PODXL
in Chinese hamster ovary cells increase their adhesion, migra-
tion and cellular interaction; indicating that PODXL acts as a
pro-adhesive molecule (7). However, PODXL has also been
reported to confer cell anti-adhesive properties in ovarian carci-
noma (8). Despite this, it has been suggested that PODXL is
associated with cell adhesion and migration (9,10), indicating
that it may be important in atherosclerosis.

Micro (mi)RNAs are 22 nucleotides long, non-coding
RNA molecules, which can regulate gene expression either
through translational inhibition or destabilization of target
mRNA (11). Emerging evidence has revealed the importance
of miRNAs in the cardiovascular system and a previous study
demonstrated that let-7g miRNA downregulated the expression
of the lectin-type oxidized LDL receptor-1 (Lox-1) resulting
in the inhibition of vascular endothelial cell proliferation and
migration (12). miRNA (miR)-21 has a pro-proliferative and
anti-apoptotic effect on VSMCs and is involved in arterioscle-
rosis obliterans by targeting tropomyosin 1 (13). A previous
study demonstrated, using an miRNA microarray analysis, that
miR-125b was significantly downregulated in arteriosclerosis
obliterans (14). However, its precise function in atherosclerosis
obliterans remains to be elucidated.

The present study aimed to investigate the role of miR-125b
in atherosclerosis obliterans and examine the association
between miR-125b and PODXL.

Materials and methods
Cell culture and treatment. HUVECs and HAVSMCs were

obtained from American Type Culture Collection (ATCC;
Manassas, VA, USA) and cultivated in ATCC-formulated
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F-12K basic medium. The HUVECs were cultured in the
complete growth medium supplemented with 10% fetal
bovine serum (FBS; Gibco Life Technologies, Carlsbad,
CA, USA), 0.1 mg/ml heparin (Sigma-Aldrich, St. Louis,
MO, USA) and 0.04 mg/ml endothelial cell growth supple-
ment (ECGS; Sigma-Aldrich). The HAVSMCs were
cultured in complete growth medium supplemented with
10% FBS, 0.05 mg/ml ascorbic acid (Sigma-Aldrich),
0.01 mg/ml insulin (Sigma-Aldrich), 0.01 mg/ml transferrin
(Sigma-Aldrich), 10 ng/ml sodium selenite (Sigma-Aldrich),
0.03 mg/ml ECGS, 10 mM HEPES (Sigma-Aldrich) and
10 mM triethylsilane (Sigma-Aldrich). All the cells were
cultured in 95% air and 5% CO, at 37°C.

The HUVECs and HAVSMCs were treated with ox-LDL
(75 pg/ml; Union Biotechnology, Hangzhou, China) and
PDGF-BB (20 ng/ml; Union Biotechnology) for 24 or 48 h
at 37°C, to create a model of arteriosclerotic-like pathology.
Ectopic expression of miR-125b in the cells was achieved
by transfection with miR-125b mimics (GeneCopoeia, Inc.
Rockville, MD, USA) using Lipofectamine 2000 (Invitrogen
Life Technologies, Carlsbad, CA, USA). The pre- and
anti-scramble controls were obtained from GeneCopoeia,
Inc. The HUVECs and HAVSMCs were plated into six-well
plates (Nest Biotechnology Co., Ltd., Shanghai, China) at
a density of 1x10° cells/ml and transfected for 24 or 48 h.
These transfected cells were used for total RNA or protein
extraction and further analysis.

Reagents. Rabbit polyclonal antibodies against VE-cadherin
(1:500 dilution; cat. no. B8251) and ICAM-1 (1:500 dilution;
cat. no. B7113) were purchased from Assay Biotech Co.,
Inc. (Sunnyvale, CA, USA). Mouse monoclonal antibodies
against PODXL (1:500 dilution; cat. no. BM0595), MCP-1
(1:1,000 dilution; cat. no. BM0186), IL-6 (1:1,000 dilu-
tion; cat. no. BM0009) and f-actin (1:2,000 dilution; cat.
no. BM0272) were purchased from Abzoom Biolabs, Inc.
(Dallas, TX, USA). Additional mouse monoclonal antibodies
against SM-22 (1:1,000 dilution; cat. no. ab77442) and Lox-1
(1:1,500 dilution; cat. no. ab53202) were obtained from
Abcam (Cambridge, MA, USA). Ox-LDL and PDGF-BB
were obtained from Beijing Union Biotechnology (Beijing,
China).

Lentiviral (Lv) transfection. The Lv-PODXL was purchased
from GeneChem Co., Ltd. (Shanghai, China). The titer of the
lentiviral recombinant vectors were 2x10' titer units (TU)/ml.
The cells were plated and cultured in 6-well plates at a density
of 5x10° cells/ml at 37°C, until cell fusion reached between
60 and 70%. Subsequently, 2.5x10* TU/well Lv- PODXL
lentivirus (conjugated to green fluorescent protein) were
added to the cells at a multiplicity of infection of 50 for 48 h.
After 48 h, the green fluorescence of the cells was observed
using a AE31 microscope (MOTIC China Group Co., Ltd.,
Hong Kong) and the relative mRNA expression levels of
PODXL were measured by reverse transcription quantitative
polymerase chain reaction (RT-qPCR); the cells exhibiting
>90% fluorescence and a 15-fold increase in PODXL expres-
sion levels were considered to be sufficiently infected with
the lentivirus. The infected cells were harvested for further
analysis.
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RT-qPCR. The total RNA was extracted from the control
cells, the cells treated with ox-LDL and the cells treated
with PDGF-BB, using TRIzol reagent (Invitrogen Life
Technologies), according to the manufacturer's instruc-
tions. The mRNA expression levels of PODXL, MCP-1
and IL-6 were detected using a SYBR green qPCR assay
kit (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The
expression of (-actin was used as an endogenous control.
The specific primers used were as follows: PODXL,
forward 5'-TTTTACTCTTGCCCTCTC-3" and reverse
5-CTTTCTTTCTGCCAAGAAAC-3' and (-actin, forward
5'-AGGGGCCGGACTCGTCATACT-3"' and reverse
5'-GGCGGCACCACCATGTACCCT-3" The relative expres-
sion of miR-125b was measured using an All-in-One™
miRNA qRT-PCR Detection kit (GeneCopoeia, Inc.). The
specific primer sets for miRNA-103 and U6 and the qPCR
mix were purchased from GeneCopoeia. The expression of
U6 was used as an endogenous control. The PCR cycling
conditions were set as follows: 95°C for 1 min, followed by 35
cycles of 95°C for 15 sec and 58°C for 15 sec. All experiments
were performed in triplicate. Data were processed using the
2-44CT method (15).

Western blotting. The total cellular protein extracts (50 ug)
were prepared from the control cells, the cells treated with
ox-LDL and the cells treated with PDGF-BB, separated on
10% SDS-polyacrylamide gels (EMD Millipore, Billerica,
MA, USA) and transferred onto nitrocellulose membranes
(EMD Millipore). The membranes were treated with
tris-buffered saline-Tween 20 (TBST; Auragene, Changsha,
China) containing 50 g/ml skimmed milk (BD Biosciences,
Franklin Lakes, NJ, USA) overnight at 4°C. The membranes
were then incubated with antibodies targeting VE-cadherin,
ICAM-1, PODXL, MCP-1, SM-22 and Lox-1 in the recom-
mended dilutions overnight at 4°C, and with an antibody
targeting B-actin (1:2,000 dilution) at room temperature
for 2 h. Following the incubation with primary antibodies,
the membranes were washed with TBST four times. The
membranes were then washed and incubated with horseradish
peroxidase-conjugated goat anti-mouse (cat. no. SA001)
and goat anti-rabbit (cat. no. SA009) secondary antibodies
(1:3,000 dilutions; Auragene) at room temperature for 1 h.
The signals were visualized using enhanced chemilumi-
nescence substrate (EMD Millipore). -actin was used as a
loading control.

3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl tetrazolium
bromide (MTT) assay. An MTT assay was used to assess the
cell growth ability of the cells transfected with pre-miR125b
or pre-scramble, following PDGF-BB treatment. An MTT
assay kit (Sigma-Aldrich) was used according to the manu-
facturer's instructions. Briefly, 5x10° cells were plated into
each well of 96-well plates and cultured for 0, 1, 2 and 3 days
at 37°C. The cells were incubated with 20 ul MTT (Smg/ml) at
37°C for 4 h at the end of each time-point and, subsequently,
the reaction was inhibited by adding 150 ul dimethyl sulf-
oxide (Amresco LLC, Solon, OH, USA) for 10 min at room
temperature. Formazan production was detected at 570 nm
using an enzyme immunoassay analyzer (MK3; Thermo
Fisher Scientific, Waltham, MA, USA).
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Transwell assay. The HAVSMCs (1x10° cells), trafnsfected
with either pre-miR125b or pre-scramble, were treated with
20 ng/ml PDGF-BB for 48 h and starved in serum-free
medium for 24 h at 37°C, prior to being resuspended in
serum-free medium (5x10* cells). The cells were added to
the upper chamber, while the lower chamber was filled with
Dulbecco's modified Eagle's medium (GE Healthcare Life
Technologies, Logan, UT, USA) containing 10% FBS. The
chambers were BioCoat Matrigel Invasion Chambers from
BD Biosciences. Following incubation for 24 h, the cells
attached to the lower chamber were fixed and stained with
crystal violet (BD Biosciences) for 20 min. The redundant
crystal violet was washed with water and dried in air. The
crystal violet in the membrane was dissolved in 10% acetic
acid and the optical density at 570 nm was detected using an
enzyme immunoassay analyzer.

Dual luciferase reporter assay. A fragment of the
3" untranslated region (UTR) of PODXL, containing the
putative miR-125b binding site, was amplified and recom-
bined immediately into a psiCHECK-2 vector (Promega
Corporation, Madison, WI, USA) downstream of the lucif-
erase gene sequence. A psiCHECK-2 construct containing
the 3'UTR of PODXL, with a mutant sequence of miR-125b,
was synthesized. Wild-type (Wt)-PODXL and mutant
(Mut)-PODXL primers were purchased from Promega
Corporation. HUVECs and HAVSMCs were plated into
24-well plates 1 day prior to transfection, at a density of
2x10*cells/wellandeitherthe Wt-PODXL-3"UTR-psi-CHECK 2
or Mut-PODXL-3'UTR-psi-CHECK?2 were co-transfected
with the miR-125b mimics, miR-125b inhibitor (GeneCopoeia,
Inc.), pre-scramble and pre-scramble inhibitor, respectively,
using Lipofectamine 2000 (Invitrogen Life Technologies).
The cells were incubated for 48 h and the luciferase activity
was detected using a dual-luciferase reporter assay system
(Promega Corporation) and normalized to the activity of
Renilla.

Statistical analysis. Statistical analyses were performed using
independent samples t-tests to compare between two groups
or the one-way analysis of variance to compare differences
between more than two groups with SPSS 13.0 statistical
software (SPSS, Inc., Chicago, IL, USA), depending on
the experimental conditions. The data are expressed as the
mean + standard deviation. Compared with the respective
controls, P<0.05 was considered to indicate a statistically
significant difference.

Results

Expression levels of miR-125b and PODXL in HUVECs and
HAVSMCs treated with ox-LDL and PDGF-BB. LDL and
PDGEF are effective predictors of atherosclerosis. Following
treatment with high concentrations of ox-LDL and PDGF-BB,
certain characteristics of atherosclerosis were observed. To
elucidate the association between the expression of miR-125b
and PODXL in atherosclerosis, HUVECs and HAVSMCs were
treated with ox-LDL (75 pug/ml) and PDGF-BB (20 ng/ml) to
create an atherosclerotic-like pathological model. As shown
in Fig. 1, a significant upregulation of the mRNA expression
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Figure 1. miRNA expression levels of PODXL and miR-125b in HUVECs
and HAVSMCs following treatment with oxLDL and PDGF-BB for different
durations. Reverse transcription quantitative polymerase chain reaction
was performed to detect the expression of (A) miR-125b and (B) PODXL
following treatment with oxLDL and PDGF-BB in the HUVECs and
HAVSMCs. ("P<0.05, “P<0.01, ""P<0.001, vs. 0 h group). Data are expressed
as the mean + standard deviation. HUVEC, human umbilical vein endothe-
lial cell; HAVSMC, human aortic vascular smooth muscle cell; ox-LDL,
oxidised low-density lipoprotein; PDFG, platelet-derived growth factor;
PODXL, podocalyxin.

of PODXL was observed in the cells treated with ox-LDL
and PDGF-BB, whereas the expression of miR-125b was
significantly downregulated compared with that of the 0 h
group. The results demonstrated that there was an inverse
association between miR-125b and PODXL in the HUVECs
and HAVSMC s with atherosclerotic-like pathological changes
following treatment with ox-LDL and PDGF-BB.

miR-125b directly targets PODXL. According to an online
miRNA target prediction database (TargetScan; www.
targetscan.org), it was hypothesized that PODXL was a target
of miR-125b (Fig. 2A). The present study revealed that there
was an inverse association between the expression profiles of
PODXL and miR-125b in the HUVECs and HAVSMC:s treated
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Figure 2. miR-125b directly targets PODXL. (A) Predicted miR-125b binding site within PODXL 3'UTR and its mutated version. (B) RT-qPCR was per-
formed to detect the expression of miR-125b following transfection with pre-miR-125b and pre-scramble in the HUVECs and HAVSMCs. (C) Repression of
luciferase activity by PODXL 3'UTR was dependent on miR-125b. Mutated PODXL 3'UTR abrogated the miR-125b mediated repression of luciferase activity.
(D) RT-qPCR was performed to detect the mRNA expression of PODXL following transfection with pre-miR-125b and pre-scramble in the HUVECs and
HAVSMCs. (E) Western blot analysis was performed to detect the protein expression of PODXL in the HUVECs and HAVSMCs treated with pre-miR-125b
or pre-scramble. (F) Quantification of the protein expression of PODXL. ("P<0.05, “P<0.01, ““P<0.001, vs. control). Data are expressed as the mean + standard
deviation. UTR, untranslated region; wt, wild-type; miR, microRNA; mut, mutant; PODXL, podocalyxin; HUVEC, human umbilical vein endothelial cell;
HAVSMC, human aortic vascular smooth muscle cell; RT-qPCR, reverse transcription quantitative polymerase chain reaction.

with ox-LDL and PDGF-BB. To confirm whether PODXL
was targeted by miR-125b, the HUVECs and HAVSMCs
were transfected with miR-125b mimics or miR-scramble
(Fig. 2B). The mRNA expression of PODXL was measured
by RT-qPCR (Fig. 2D) and indicated the potential regulation
of PODXL by miR-125b. Western blot analysis revealed that
the upregulation of miR-125b significantly reduced the protein
expression of PODXL compared with the cells transfected

with the pre-scramble control (Fig. 2E and F). To further
confirm whether the predicted binding site of miR-125b to
the 3'UTR of PODXL was required for this regulation, the
Wt-PODXL vector and miR-125b mimics or the scramble
control were transfected into HUVECs and HAVSMCs. The
relative luciferase activity of the miR-125b transfected cells
was significantly repressed compared with the pre-scramble,
anti-scramble and anti-miR-125b control groups (Fig. 2C). In
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Figure 3. Effects of ectopic miR-125b on the expression levels of SM-22, Lox-1,IL-6 and MCP-1, and cell proliferation in the HAVSMCs treated with PDGF-BB.
(A) Western blotting was performed to detect the expression levels of (B) SM-22 and (C) Lox-1 and the band intensity was quantified. (D) Cell growth was
evaluated using an MTT assay. The absorbance was measured at an optical density of 570 nm. (E) Western blotting was performed to detect the expression
levels of (F) IL-6 and (G) MCP-1 in HAVSMCs treated with PDGF-BB and the band intensity was quantified. ("P<0.05, “P<0.01 and ““P<0.001, vs. control).
The data are expressed as the mean + standard deviation. Con, control; miR, microRNA; Lox-1, lectin-type oxidized low-density lipoprotein receptor-1;
MCP-1, monocyte chemotactic protein-1; IL-6, interleukin-6; HAVSMC, human aortic vascular smooth muscle cell; PDGF, platelet-derived growth factor;

LV, lentivirus.

addition, the miR-125b-mediated repression of the luciferase
activity was eliminated by the mutant putative binding site
(Fig. 2C). These results confirmed that miR-125b directly
targeted PODXL and regulated its expression at the transcrip-
tional level.

Effect of miR-125b on the growth of HAVSMCs. To investigate
whether miR-125b regulates the growth of HAVSMCs, cell
growth was measured using an MTT assay following transfec-
tion with miR-125b mimics or scramble control. As shown

in Fig. 3D, the HAVSMCs transfected with the miR-125b
mimics exhibited significant inhibition of cell proliferation,
compared with the control. However, when the HAVSMCs
were co-transfected with pre-miR-125b and Lv-PODXL, the
cell proliferation rate was moderately rescued. To elucidate
the underlying mechanism of miR-125b in the HUVECs and
HAVSMCs with atherosclerotic-like pathological changes,
the protein expression levels of the inflammatory factors,
IL-6 and MCP-1, were characterized in the HAVSMCs. The
upregulation of miR-125b significantly decreased the protein
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Figure 4. Effects of ectopic miR-125b on cell migration in HAVSMCs and the expression levels of VE-cadherin and ICAM-1 in HUVECs: treated with
PDGF-BB. (A) Representative images captured by a light microscope of migrated cells stained with crystal violet (magnification, x100). (B) Cell migration was
determined using a Transwell assay and quantification. The absorbance was measured at an optical density of 570 nm. (C) Western blotting was performed to
detect the expression levels of (D) VE-cadherin and (E) ICAM-1 in the HUVECsS treated with PDGF-BB and band intensity was quantified ("P<0.05, “P<0.01

ok

and ""P<0.001, vs. control). The data are expressed as the mean =+ standard deviation. Con, control; miR, microRNA; VE, vascular endothelial; ICAM-1,
intercellular adhesion molecule-1; HAVSMC, human aortic vascular smooth muscle cell; PDGF, platelet-derived growth factor; LV, lentivirus.

expression levels of IL-6 and MCP-1 (Fig. 3E-G) and this
was reversed by the overexpression of PODXL (Fig. 4). The
expression levels of SM-22 and Lox-1 were also detected by
western blotting and, as shown in Fig. 3A-C, ectopic expres-
sion of miR-125b decreased the expression of SM-22 and
increased the expression of Lox-1.

Transfection with miR-125b affects the migration of
HAVSMCs and affects the expression levels of VE-cadherin
and ICAM-1 in HUVECs. To validate whether miR-125b
regulates the migration of HAVSMCs, a Transwell assay was

performed by transfecting either the miR-125b mimics or
scramble control into HAVSMCs and treating with PDGF-BB.
As shown in Fig. 4A, the HAVSMCs transfected with the
miR-125b mimics exhibited significant inhibition of the
PDGF-BB-induced migratory ability inhibition, compared
with the pre-scramble control. However, when the HAVSMCs
were co-transfected with pre-miR-125b and Lv-PODXL, the
migratory ability was rescued. To elucidate the underlying
mechanism, the protein expression levels of VE-cadherin
and ICAM-1 were characterized in the HUVECs. Following
transfection with the miR-125b mimics, it was found that
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the upregulation of miR-125b significantly decreased the
expression levels of VE-cadherin and ICAM-1. However, the
downregulation of VE-cadherin and ICAM-1, induced by
miR-125b, was reversed by the overexpression of PODXL
(Fig. 4).

Discussion

In the present study, upregulation of the mRNA expression of
PODXL was observed in HUVECs and HAVSMCs treated
with ox-LDL and PDGF-BB, which induced the overprolif-
eration and migration of smooth muscle cells. PODXL, a cell
surface glycoprotein, is closely associated with endoglycan and
cell adhesion. It has been reported that PODXL increases the
in vitro migration and invasion of breast and prostate cancer
cells (16) and knock-down of PODXL significantly increases
cell apoptosis in the presence of temozolamide in glioblas-
tomas (17). In the endothelial venules, PODXL functions as an
adhesive ligand for L-selectin-expressing leukocytes (18), indi-
cating that PODXL has a pro-proliferative and pro-adhesive
role. Results from the present study supported the hypothesis
that PODXL acts as a pro-adhesive molecule.

Each miRNA can target the mRNA of several genes and
can be involved in several physiological and pathophysiolog-
ical processes. Emerging evidence suggests that mRNAs are
important in vascular diseases through regulating the expres-
sion of target molecules in endothelial cells or smooth muscle
cells. It was reported that the proliferation and migration of
endothelial cells or smooth muscle cells was regulated by
miR-424, miR-17-92 and miR-26a (19-21). Additionally, certain
miRNAs are involved in ox-LDL- or PDGF-BB-induced
atherosclerosis (22). Ox-LDL and PDGF-BB, effective
predictors of cardiovascular disease, are important in the
development of atherosclerosis by inducing overproliferation,
monocyte adhesion and inflammation (23). The underlying
mechanism and therapeutic strategies of atherosclerosis
obliterans may be revealed by identification of the miRNAs
involved and their targets. Although it has been confirmed
that miR-125b is important in various types of cancer (24),
few studies have investigated its functions in cardiovascular
diseases, including atherosclerosis obliterans. Previous studies
have demonstrated that miR-125b has a novel upstream role
in the epigenetic regulation of inflammatory genes in VSMCs
of diabetic mice, in that miR-125b targets the transcription
factor, SP7, to regulate the transdifferentiation of VSMCs into
osteoblast-like cells (14), and that is involved in the inhibition
of osteoblastic differentiation by downregulating cell prolif-
eration (25). The present study revealed that miR-125b was
significantly downregulated in the HUVECs and HAVSMCs
treated with ox-LDL or PDGF-BB, suggesting an association
with overproliferation and migration of smooth muscle cells
in the pathological process of atherosclerosis obliterans. To
investigate the precise association and underlying mechanism
between miR-125b and PODXL, the present study confirmed,
using a luciferase reporter assay, that miR-125b directly
targeted the PODXL gene through binding to a specific
complementary site within its 3'UTR. Additionally, the results
revealed that PODXL was effectively inhibited by the upregu-
lation of the mRNA and protein expression of miR-125b in the
HUVECs and HAVSMC:s. Therefore, the decreased expression
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of miR-125b may account for the upregulation of PODXL in
the pathological process of atherosclerosis obliterans.

The present study also demonstrated that the upregulation
of miR-125b inhibited cell proliferation and migration in the
HAVSMCs. However, cell proliferation was only moderately
rescued by the overexpression of PODXL, suggesting that
miR-125b had a suppressive function in cell proliferation, at
least partially by targeting PODXL. Chronic inflammation in
the arterial walls causes monocyte/macrophage recruitment
and the migration and proliferation of VSMCs, promoting
atherosclerosis obliterans (26). Upregulation of the inflam-
matory cytokines, IL-6 and MCP-1, has been associated
with atherosclerosis obliterans (27-29). The dysregulation of
miRNAs have been involved in several pathological processes
of the cardiovascular diseases, including vascular atheroscle-
rosis (30). Downregulation of miRNAs is associated with
inflammation and is observed in patients with coronary artery
disease (29). MicroRNAs, including miR-26a, miR-30b and
miR-195, in the aortic valves of patients with aortic stenosis are
decreased compared with those with aortic insufficiency (31).
It was also reported that miR-125b is downregulated in
calcified vessels in atherosclerotic mice and during vascular
neointima formation (32). The present study revealed that the
PDGF-BB-induced overexpression of miR-125b decreased the
upregulation of IL-6 and MCP-1, which was consistent with
a previous study suggesting that miR-125b was downregu-
lated in response to lipopolysaccharide and tumor necrosis
factor-a (33). In arteries, miR-125b is one of the most abun-
dant microRNAs. This may explain why the overexpression of
miR-125b significantly altered the gene expression of IL-6 and
MCP-1, consistent with the hypothesis that small changes in
miRNAs lead to widespread effects in cell function.

SM?22-a., a marker of cell differentiation, is associated with
the transdifferentiation of ox-LDL-induced smooth muscle
progenitor cell-derived smooth muscle-like cells into foam-like
cells and, Lox-1 mediates this process (34). SM22-a has been
used to identify vascular adventitial fibroblasts differentiating
into myofibroblasts following vascular adventitial damage.
Foam cell formation is a critical step in the development of
atherosclerosis. In the present study, it was demonstrated that
an increase in miR-125b induced the expression of Lox-1 and
reduced the expression of SM-22 in HAVSMC:s. It is possible
that miR-125b regulates the expression of Lox-1 and SM-22 to
inhibit the formation of foam cells.

Furthermore, the results revealed that the miR-125b
mimic repressed the expression levels of VE-cadherin and
ICAM-1, the master regulators of endothelial permeability
and leukocyte transendothelial migration, in several vascular
beds in the HUVECs. A previous study reported that ox-LDL
induces a concentration-dependent upregulation of protein
expression levels of MCP-1 and ICAM-1 genes, promoting the
atherosclerosis obliterans process (35). The results from the
present study demonstrated that miR-125b exhibited significant
inhibition of the migratory ability of HAVSMCs, compared
with the pre-scramble control. However, co-transfection with
pre-miR-125b and Lv-PODXL, rescued the migratory ability
of the HAVSMCs. These findings suggested that miR-125b
inhibited the HAVSMCs from migrating into the blood vessel
intima, most likely by repressing the expression of vascular
cell adhesion molecules.
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In conclusion, the present study demonstrated for the first

time, to the best of our knowledge, that miR-125b is involved
in atherosclerosis obliterans, at least partially by targeting
PODXL and signalling for the inflammatory cytokines and
adhesion molecules involved in the pathological process
of vascular atherosclerosis. These findings indicated that
miR-125b is a potential small molecular target to prevent
atherosclerosis obliterans. The underlying pathophysiological
mechanisms of atherosclerosis remain to be elucidated and
require further investigation.
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