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Abstract: It is well known that ox-LDL plays key roles in the development of atherosclerosis, partly by inducing vascu-
lar smooth muscle cells (VSMCs) proliferation. Recent findings have revealed that microRNAs, a class of small non-
coding RNAs, could regulate cell proliferation in many physiological and pathological conditions. However, the role
and function of miRNAs on ox-LDL induced VSMC proliferation are not fully elucidated. In this study, we showed that
ox-LDL could suppress miR-141 expression and inhibition of miR-141 could promote VSMCs proliferation. Moreover,
we found that PAPPA was the direct target gene of miR-141. Overexpression of PAPPA impaired the miR-141-induced
inhibition of proliferation in the VSMCs. Taken together; miR-141 may play important roles in ox-LDL-induced abnor-

mal proliferation of the VSMC.
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Introduction

Cardiovascular disease is among the leading
causes of death in developed countries [1].
Atherosclerosis is the most common cause of
cardiovascular disease and is associated with
significant morbidity and mortality [2]. However,
its pathogenesis has not been fully understood.
It is well known that oxidized low-density lipo-
protein (ox-LDL) is one of the major risk factors
of atherosclerosis [3]. Ox-LDL can promote the
formation of foam cells derived from vascular
smooth muscle cells (VSMCs) and regulate the
proliferation, apoptosis, migration, and differ-
entiation of VSMCs, which play critical roles in
the pathogenesis of cardiovascular disease [4].
However, the detailed mechanism of how ox-
LDL induces proliferation of VSMCs has not yet
been completely understood.

MicroRNAs (miRNAs) are a class of noncoding
small RNAs, usually 18-25 nucleotides in
length. MiRNAs can repress translation and
cleave mRNA by base-pairing to the 3’untrans-
lated region of the target genes [5, 6]. They
have emerged as key regulators of diverse bio-
logical and pathological processes, including

cell differentiation, apoptosis and proliferation
[7]. Recently, increasing evidences have sug-
gested that miRNAs play important roles in car-
diovascular system [1, 8]. For example, miR-21,
miR-221, miR-222, and miR-145 were proved to
play a regulative role in aberrant VSMC prolifer-
ation, which is a key pathological process of
atherosclerosis [9-16]. MiR-143/145 is down-
regulated in response to both vascular injury
and PDGF treatment, and restoration of its
expression attenuates the neointimal growth in
the rat carotid artery after balloon injury [17].
MiRNAs also play a critical role in the pathogen-
esis of ox-LDL-mediated inflammation [18]. For
instance, ox-LDL could regulate the expression
of let-7g, which inhibited the expression of
LOX-1 and OCT-1 in human coronary artery
smooth muscle cells [19]. However, the roles of
miRNAs in the proliferation of VSMCs induced
by ox-LDL have not been yet been fully investi-
gated.In this study, we found that miR-141 was
down-regulated in VSMCs stimulated by ox-LDL.
Restored expression of miR-141 in VSMCs was
able to inhibit cell proliferation by targeting
PAPP-A. Thus, our date suggested an important
role of miR-141 in atherosclerosis pathogene-
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Table 1. Primer sequence

Name Sequence (5’-3’)

miRNA reverse transcription prime

miRNA-141 ATGTATGAGTGCAGGTCGGAGGTAT TCTCACTATAAGACTCAGCC
U6 snRNA AAAATATGGAACGCTTCACGAATTTG
Real-time PCR primer sequence

miRNA-141 AAGACGTACTCAGGCCATGTCC
GACCCAAATGTCGCAGTCAG

U6 snRNA CTCGCTTCGGCAGCACATATACT
ACGCTTCACGAATTTGCGTGTC

GAPDH AATGGGCAGCCGTTAGGAAA
TGAAGGGGTCATTGATGGCA

Ki-67 TCCTTTGGTGGGCACCTAAGACCTG

PAPP-A TGATGGTTGAGGTCGTTCCTTGATG
ATATCTCACGTGACCGAGGA
AGCTGATGGTGCTGGAAGTC

sis, indicating its potential application in ath-
erosclerosis therapy.

Materials and methods
Ethics statement and tissues samples

All experimental protocols were approved by
the Clinical Research Ethics Committee of the
Affiliated Hospital of Shandong Traditional
Chinese Medicine University.

Vectors and cell culture

The siRNA of PAPPA was purchased from Sigma
(Sigma-Aldrich, Oakville, ON, Canada). The
binding site within 3'UTR sequence of PAPPA
for miR-141 was cloned into the pMIR-REPORT
luciferase construct (Ambion, Austin, TX). The
mutant construct of PAPPA 3’UTR was generat-
ed using QuikChang Site-Directed Mutagenesis
Kit (Stratagene, La Jolla, CA, USA). Cell culture-
related reagents were purchased from Gibco-
Life Technologies. (Carlsbad, CA, USA) Human
VSMCs is obtained from ATCC and cultured in
the medium 231 supplemented with smooth
muscle cell growth supplement (SMGC) at 37°C
in a humidified atmosphere of 95% air and 5%
Cco2.

Cell transfection

The miR-141 mimics, inhibitors and scramble,
which are non-homologous to the human
genome, were synthesized by GenePharma
(Shanghai, China) and transfected into the cells
to a final oligonucleotide concentrtion of 10
nmol/L. All cell transfections were introduced
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using Dharma FECT1 Reagent (Dharmacon, TX,
USA) according to the manufacturer’'s in-
structions.

RNA isoltion and quantative realtime reverse
transcription-PCR: Total RNA (2 ug) was reverse
trascribed with 200 U of MMLV reverse tran-
scriptase (Invitrogen) using Oligo (dT) primers
or stem-loop primer in a 20 pL reaction mixture.
Relative transcript levels of mRNA were deter-
mined by real-time PCR using the iQ5 Real-Time
PCR Detection System (Bio-Rad, California,
USA). The real-time PCR reaction included
SYBR Green fluorescent dye (1x, Takara, Dalian,
China), forward primers (1 pl, 10 uM), reverse
primers (1 pl, 10 uM), gPCR mix (1x), and cDNA
(1 ub). The sequences of the specific primers
are shown in Table 1. To produce the melting
curve, the reactions were subject to one step at
95°C for 30 s, followed by 45 cycles of 95°C for
5s,60°Cfor 10 s, and 72°C for 30 s. The rela-
tive gene expression was calculated by the
AACt method. GAPDH or U6 was used as the
internal control (Table 1).

Cell proliferation assays

Cells were seeded in 96-well plates (1,000
cells per well) with complete culture medium
(200 ul). Cells were cultured for another 24 h,
48 h, 72 h or 96 h. The supernatant was
removed, and 100 ul of DMEM/F12 medium
containing 10 pl of CCK8 was added to each
well for incubating another 2 h at 37°C. The cul-
ture plates were then shaken for 10 min and
the optical density (OD) values were read at
450 nm.
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Figure 1. The expression of miR-141 was decreased in VSMCs induced by ox-LDL. A. CCK8 analysis showed that
ox-LDL could induce VSMCs proliferation. B. For the dose-development studies, VSMCs were treated with either
complete culture medium only or varying concentrations of ox-LDL (0-60 ng/ml) for 48 h. C. Real-time PCR analysis
showed that ox-LDL inhibitedmiR-141 expression in the VSMCs. D. Treatment with ox-LDL significantly inhibited
miR-141 mRNA level in a dose-dependent manner, with a maximal response at the 40 ng/ml using real-time PCR.

Dual luciferase assays

Cells were co-transfected with 0.4 ug of the
reporter construct, 0.2 pg of pGL-3 control vec-
tor, and miR-141 or negative controls. Cells
were harvested 24 h post-transfection and
assayed with Dual Luciferase Assay (Promega,
WI, USA) according to manufacturer’s instruc-
tions. Firefly luciferase values were normalized
to Renilla, and the ratio of Firefly/Renilla values
was reported.

Western blotting analysis

Western blot analysis was carried out using
standard methods. Proteins were separated on
10% SDS-PAGE, and then transferred to PVDF
membranes (Amersham, Buckinghamshire,
UK). Membranes were blocked overnight with
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5% non-fat dried milk and incubated for 2 h
with anti- PAPPA antibody (Abcam, England)
at 1:1000 dilution; anti-GAPDH antibody
(Proteintech,Chicago, USA) at 1:50,000 dilu-
tion. After being washed with TBST (10 mM Tris,
pH 8.0, 150mM NaCl, and 0.1% Tween20), the
membranes were incubated for 2 h with goat
anti-rabbit antibody (zsgb-bio, Beijing, China)
at 1:5000 dilution and 1:50000 dilution.

Statistical analysis

Each experiment was repeated at least three
times. Statistical analysis was performed using
SPSS 15.0. Data are presented as the mean *
standard deviation. Statistical analyses were
done by analysis of variance (ANOVA) or
Student’s t test. Statistical significance level
was set at o = 0.05 (two-side)
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Figure 2. Inhibition of miR-141promoted VSMCs proliferation. A. Expression levels of miR-141 were examined by
real-time PCR after transfection of miR-141 mimics or scramble or no transfection or miR-141 inhibitor. B. Growth
of VSMCs was showed after transfection with miR-141 mimics or scramble or no transfection or miR-141 inhibitor.
The growth index was assessed at O, 24, 48, 72, and 96 hours. C. Inhibition of miR-141 promoted cyclin D1 mRNA
expression. VSMCs were transfected with miR-141 mimics, scramble or not transfectedor miR-141 inhibitor. cyclin
D1 was detected by real-time PCR. D. Inhibition of miR-141promotedcyclin D1 protein expression. VSMCs were
transfected with miR-141 mimics, scramble or not transfectedor miR-141 inhibitor. cyclin D1 was detected by west-
ern blot. GAPDH was also detected for a loading control. Values are presented as mean + SD. As compared with
control, ”"P<0.01, "P<0.05, and *""P<0.001.

Results In addition, ox-LDL significantly inhibited miR-
141 mRNA level in a dose-dependent manner,

Expression of miR-141 was decreased in with a maximal response at the 40 ng/ml

VSMCs induced by ox-LDL (Figure 1D).

A time-dependent induction of cell prolifgration MIiR-141 inhibited VSMCs proliferation

by ox-LDL (20 ng/ml) was observed with the

maximal response at 72 h (Figure 1A). In addi- To examine the functional role of miR-141 in

tion, increasing concentrations of ox-LDL (0-60 VSMCs, VSMCs were transfected with miR-141

ng/ml) significantly increased cell proliferation mimics, inhibitors or scrambled control oligo,

in a dose-dependent manner, with the maximal both of which showed high transfection effi-

response at 40 ng/ml at 48 h (Figure 1B). ciency (Figure 2A). Cell proliferation was

Inhibition of miR-141 expression was observed increased in miR-141 inhibitors-transfected

in VSMCs after ox-LDL stimulation (Figure 1C). cells compared with control oligo-transfected
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Figure 3. MiR-141 translationally repressed PAPPA expression. A. miR-141/PAPPA alignment by the Targetscan
analysis. B. Relative luciferase activity in VSMCs 24 h post transfecting with miRNA control or miR-141 mimics. C.
Overxpression of miR-141 did not suppress the mRNA expression of PAPPA using real-time PCR. D. Overxpression of
miR-141 suppressed the protein expression of PAPPA using western blot.

cells or untreated cells (Figure 2B). In contrast,
the miR-141 mimics inhibited the cell prolifera-
tion of the VSMCs. The proliferative effect of
miR-141 was further confirmed by real-time
PCR and western blot. As shown in Figure 2C
and 2D, there was an increase in both the pro-
tein and mRNA levels of cyclin D1 in the group
transfected with miR-141 inhibitor compared
with the control group or untreated group. MiR-
141 mimics inhibited the expression of cyclin
D1 at both protein and mRNA levels.

MIiR-141 translationally repressed PAPPA
As predicted by PicTar, there was complemen-
tarily between has-miR-141 and the PAPPA

3'UTR (Figure 3A). The effect of miR-141 on the
translation of PAPPA mRNA into protein was
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assessed by luciferase reporter assay in
VSMCs (Figure 3B). Overexpression of miR-141
reduced luciferase activity of reporter gene
with wild type, but not the mutant PAPPA 3'UTR,
indicating that miR-141 directly targeted PAPPA
3’UTR. Furthermore, overexpression of miR-
141 reduced the protein but not the mRNA lev-
els of PAPPA in VSMCs (Figure 3C and 3D).

Overexpression of PAPPA impaired the miR-
141-induced inhibition of proliferation in VSMC

We then performed rescue experiments to fur-
ther validate whether the PAPPA was involved
in the role of miR-141 in VSMC. Western blot
analysis confirmed the increased level of PAPPA
using the PAPPA expression vector pcDNA3.1-
PAPPA (Figure 4A). The inhibition of cell prolif-

Int J Clin Exp Pathol 2015;8(11):14401-14408
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Figure 4. Overexpression of PAPPA impaired the miR-141-induced inhibition of proliferation in VSMCs. A. Western
blot analysis of PAPPA expression in VSMCs co-transfected with either miR-141 mimics or scramble and pCDNA-
PAPPA or pCDNA empty vector; GAPDH was also detected as a loading control. B. Cell growth curves in the VSMCs
transfected with different combinations. C. The protein expression of cyclin D1 was detected in the VSMCs trans-
fected with different combinations using western blot. D. The mRNA expression of cyclin D1 was detected in the
VSMCs transfected with different combinations using real-time PCR.

eration upon overexpression of miR-141 was
attenuated by the re-introduction of PAPPA
(Figure 4B). This effect of PAPPA was further
confirmed by real-time PCR and western blot
analysis (Figure 4C and 4D).

Discussion

Accumulating evidences have suggested that
ox-LDL is the major risk factor of atherosclero-
sis [20]. In the early stage of atherosclerosis,
ox-LDL permeates into sub-endothelial layer
through injured endothelium and triggers a
series of pathological events [21]. As we know,
VSMCs proliferation is the key events in the
pathogenesis of atherosclerosis [22]. Ox-LDL
plays a critical role in the development of ath-

14406

erosclerosis by stimulating the proliferation of
VSMCs within the vessel wall [4, 23]. However,
the detailed mechanisms how ox-LDL regulate
abnormal proliferation of the VSMC has not
been fully elucidated. Our results showed
that ox-LDL repressed miR-141 expression.
Moreover, overexpression of miR-141 inhibited
VSMCs proliferation and downregulation of
miR-141 promoted the VSMCs proliferation.
Furthermore, overexpression of PAPPA impaired
the miR-141-induced inhibition of proliferation
in VSMCs. These findings suggest that ox-LDL
might regulate abnormal proliferation of the
VSMC through inhibiting miR-141. MiR-141
might be potential novel therapeutic targets in
treatment of vascular disease.

Int J Clin Exp Pathol 2015;8(11):14401-14408
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Previous studies using miRNA microarray
showed that 25 miRNAs were changed with
more than two-fold in the human coronary
artery smooth muscle cells (hCASMC) treated
ox-LDL, including miR-141 [3]. In addition, miR-
141 was described to suppress renal cell carci-
noma and human stromal (mesenchymal) stem
cell proliferation [24, 25]. However, the role and
function of miR-141 in the VSMCs remain
unknown. In our study, ox-LDL can inhibited the
expression of miR-141 and inhibition of miR-
141 promoted VSMCs proliferation. Thus, it is
possible that ox-LDL induce VSMC proliferation
partly through inhibiting the expression of
miR-141.

We further explored the molecular mechanisms
underlying the role of miR-141. TargetScan
analysis showed a complementation of miR141
miRNA with the PAPPA 3’UTR (Figure 3A). In
addition, the protein level but not the mRNA
level of PAPPA was inhibited miR-141. Further-
more, the luciferase reporter constructs con-
taining the 3’UTR of PAPPA mRNA cofirmed the
suppression of PAPPA by miR-141 in VSMCs.
Taken together, miR-141 downregulates PAPPA
by targeting the 3'UTR and inducing translation
repression of the gene.

PAPPA is a novel zinc metalloproteinase and
played significant roles in cardiovascular dis-
ease [26, 27]. PAPPA is mainly produced by the
placental syncytiotrophoblast during pregnacy,
as well as the fibroblasts, osteoblasts and
VSMCs [28-31]. In chronic stable angina pa-
tients, high PAPPA levels correlate with the
extent of coronary artery stenosis [32, 33].
Moreover, PAPPA levels are increased in
patients with ACS and represent a marker of
adverse events in both ACS and CSA patients
[33]. In the present study, miR-141 might also
be involved in the regulation of atherosclerosis
by targeting PAPPA. However, the association of
miR-141 with PAPPA is yet to be explored.
Nevertheless, such kind of studies might lead
to the future development of an alternative
strategy that targeting miR-141 in treatment of
atherosclerosis.

In conclusion, our results indicated that ox-LDL
could inhibit the expression of miR-141. And
the inhibition of miR-141 promoted the prolif-
eration of VSMC by targeting PAPPA. These
results help us to understand the mechanisms
of the pro-atherogenic effects of ox-LDL. MiR-
141 may play an important role in the VSMCs
proliferation and atherosclerosis induced by ox-
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LDL. However, the detailed mechanisms of reg-
ulation in the proliferation of VSMCs induced by
ox-LDL need further investigation.
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