
RESEARCH PAPER

Long non-coding RNA LOC285194 inhibits proliferation and migration but 
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ABSTRACT
Long non-coding RNA LOC285194 (LOC285194) has reported to regulate vascular smooth muscle 
cells (VSMCs) proliferation and apoptosis in vitro and in vivo. Here we aimed to determine the role 
of LOC285194 in the proliferation, migration and apoptosis of VSMCs and its underlying mechan-
isms. A7r5 cells were transfected with Lv-LOC285194 or control Lv-NC for 24–72 h, or small 
interfering RNA targeting S100A4 (S100A4 siRNA) for 24–48 h, or co-transfected with Lv- 
LOC285194 and PUMA siRNA for 72 h, or treated with miR-211 inhibitor or co-transfected with Lv- 
LOC285194 and miR-211 mimics for 72 h. A7r5 cells were also treated with transforming growth 
factor – β(TGF-β) (5 ng/ml) after Lv-LOC285194 transfection for 24 h. The relationship between 
LOC285194 and TGF-β was confirmed using luciferase reporter assay. Cell proliferation and cell 
apoptosis were analyzed by Cell Counting Kit-8 (CCK-8) assay, ELISA and TUNEL staining. 
LOC285194 and miR-211 expression were detected by qPCR assay. S100A4, pro-apoptotic and 
anti-apoptotic protein were detected by Western blot assay. LOC285194 inhibited cell prolifera-
tion, invasion and migration and promoted cell apoptosis accompanied by upregulation of PUMA 
and downregulation of miR-211 and S100A4. Targeting PUMA reversed the effect of LOC285194 
on cell apoptosis and proliferation. miR-211 mimic inhibited LOC285194-induced PUMA upregula-
tion and decreased LOC285194-induced cell apoptosis. TGF-β (5 ng/ml) treatment reversed 
S100A4 siRNA or LOC285194-induced S100A4 expression. Luciferase reporter assay showed that 
TGF-β was the target of LOC285194. LOC285194 inhibits proliferation and promoted apoptosis in 
vascular smooth muscle cells via targeting miR-211/PUMA signal; In addition, LOC285194 
decreased cell invasion and migration by targeting TGF-β1/S100A4 signal.
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Introduction

Atherosclerotic cardiovascular disease (ASCVD) is an 
inflammatory disease characterized by extensive arterial 
wall matrix protein degradation, resulting in endothelial 
injury occurring throughout the course of the disease [1]. 
ASCVD and its clinical manifestations, such as myocar-
dial infarction (MI) and ischemic stroke, are the leading 
cause of morbidity and mortality throughout the world 
[2]. Although preventive drug therapies reduce the rela-
tive risk of cardiovascular events in primary and second-
ary prevention patients, the absolute risk of subsequent 
ASCVD events remains high [2].

Vascular smooth muscle cell (VSMC) apoptosis 
plays an important role in vascular remodeling 
and in the pathophysiology of aneurysms, post- 

angioplasty restenosis and atherosclerosis [3]. 
During early atherogenesis and upon vascular 
injury, and aged VSMCs from rodents, cell prolif-
eration is increased [4]. Reduced apoptosis or 
overproliferation of VSMCs accelerates the deposi-
tion of atherosclerotic plaques in the lining of 
blood vessels, and thicken intimal and induces 
vascular remodeling [5,6]. In addition, the pre-
sence of a large number of intimal VSMCs has 
been taken as evidence that VSMC migration 
from the media plays an important role in ather-
ogenesis [7,8]. Therefore, inhibiting VSMC cell 
migration, proliferation and apoptosis may repre-
sent promising therapies for protecting blood ves-
sels against atherosclerosis.
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Long non-coding RNAs (lncRNAs) recently have 
been implicated in many biological processes and dis-
eases. We have recently reported that overexpression 
of long non-coding RNA LOC285194 (LOC285194) 
leads to decreased proliferation and increased apop-
tosis in HA-VSMC cells and vice versa. In addition, 
targeting LOC285194 promotes cell invasion and 
migration in vitro [9]. However, the mechanisms by 
which LOC285194 influences VSMC migration, pro-
liferation and apoptosis remain unclear.

Liu et al. reported that exon 4, which harbors 
two miR-211 binding sites, inhibits tumor cell 
growth; loc285194-mediated growth inhibition is 
also in part due to specific suppression of miR-211 
[10]. In addition, P53-up-regulated modulator of 
apoptosis (PUMA) was identified as a target gene 
of miR-211, and targeting miR-211 facilitated 
OGD/R-induced PC12 cell apoptosis in vitro by 
upregulation of PUMA and vice versa [11]. We 
suggested that LOC285194 induces VSMC cell 
apoptosis by LOC285194-miR-211-PUMA signals.

The transforming growth factor -β (TGF-β) sig-
naling pathway is critical for promoting and main-
taining the contractile phenotype of VSMCs [12], 
whereas the TGF-β-mediated contractile pheno-
type of VSMCs that acts through inhibiting cell 
migration [13,14]. S100A4 is a calcium-binding 
protein that has been shown to promote cancer 
progression and metastasis [15], enhance the moti-
lity of macrophages, neutrophils and leukocytes, 
and promote these inflammatory cells’ recruitment 
and chemotaxis to regulate inflammation and 
immune functions [16]. In many cancer cells, 
S100A4 is required for TGF-β1 effects on cell 
migration and invasion [17,18]. TGF-β induced 
myofibroblastic features in human dermal micro-
vascular endothelial cells via induction of S100A4 
expression [19]. TGF-β also mediating intestinal 
fibroblast migration via S100A4 upregulation [20]. 
We suggested that TGF-β- S100A4 signal might 
regulate VSMC migration. It has reported that the 
expression of LOC285194 inhibited the migration 
of CSCC cells in vitro through the inactivation of 
TGF-ß1 [21]. We suggested that LOC285194 
induces VSMC cell migration by LOC285194- 
TGF-β- S100A4 signal.

In the present study, we investigated the role 
and underlying mechanisms of LOC285194 on 
VSMC migration, proliferation and apoptosis.

Materials and methods

Cell line and cell culture

The rat aortic VSMC line A7r5 cell was purchased 
from the European Collection of Cell Cultures 
through Shanghai Cell Research Institute 
(Shanghai, China). The cells were cultured in 
Dulbecco’s modified Eagle’s medium (DMEM) 
supplemented with 10% FBS, 100 U/mL penicillin 
and 100 U/mL streptomycin at 37°C temperature 
with 5% CO2.

Immunofluorescence staining

A7r5 cells were fixed with 100% methanol and 
blocked with 0.1% Triton-X100 and 4% bovine 
serum albumin (BSA) with 10% goat serum in 
phosphate-buffered saline (PBS) for 60 mins at 
room temperature. Then the cells were incubated 
with primary anti-a-SM in PBS containing 1% 
BSA for 12 h at 4°C (1:200; Santa Cruz, 
Shanghai, China). The fluorescence intensities 
were quantified using ImageJ software.

Lentivirus production and infection

The pGCSIL-GFP vector containing a full-length 
sequence of LOC285194 or the control sequence 
were co-transfected into 293 cells. The transfection 
was generated using Lipofectamine 2000 
(Invitrogen) following the manufacturer’s instruc-
tions. After 24–72 h of infection, the infection 
efficiency was verified using Western blot.

RNA interference

The murine S100A4 siRNA (S100A4 siRNA) 
sequence was 5′-UGA ACA AGA CAG AGC 
UCA Att-3′ (sense) and 5′-UUG AGC UCU 
GUC UUG UUC Att-3′ (antisense), and the non- 
targeting siRNA (NC siRNA) sequence was sense: 
5′-UUCUCCGAACGUGUCACGUTT-3′ and 
antisense: 5′-ACGUGACACGUUCGGAGAATT 
-3′ were purchased from Life Technologies 
(Shanghai, China). A7r5 cells were transfected 
with a final concentration of 20 nM of siRNA for 
6 h performing in Lipofectamine™ 2000 according 
to the manufacturer’s recommendations. After 
incubation for 6 h, the medium was replaced 
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with the standard culture medium. After an addi-
tional 42 h incubation, cells were used for further 
experiments. The transfected colonies referred to 
as A7r5/S100A4 siRNA or A7r5/NC siRNA cells, 
respectively.

Transfection with miR-211 mimics and inhibitors

The miR-211 mimics, miR-211 inhibitor and their 
scrambled miRNAs were purchased from 
GeneChem (Shanghai, China). The 100 nM miR- 
211 mimics and inhibitors were transfected into 
A7r5 cells using Lipofectamine RNAiMAX reagent 
(Invitrogen) as the manufacture’s instruction.

TGF-β treatment

48 h after Lv-LOC285194 transfection, A7r5 cells 
were treated with TGF-β (5 ng/ml) for 24 h. The 
A7r5 cells without transfection were also treated 
with TGF-β (5 ng/ml) for 24 h. Further detection 
was carried out below.

Dual-luciferase reporter assay

The dual-luciferase reporter vector containing the 
wild-type (WT) LOC285194 3�-UTR sequence was 
from OriGene, and QuickChange Site-directed 
Mutagenesis Kit (Stratagene) was used TGF-β- 
binding site mutation. The two constructs were 
termed WT (Gene-wild type) and MT (Gene- 
mutant). The fragments were cloned into the 
psiCHECK™-2 vector using Lipofectamine 2000 
(Invitrogen) according to the manufacturer’s 
instructions. Luciferase assays were conducted by 
transfecting subconfluent A7r5 cells according to 
the manufacturer’s instructions. Cells were lysed 
16 h after transfection, and lysates were analyzed 
using a dual-luciferase reporter assay kit (Promega) 
and normalized to that of firefly luciferase.

Western blotting

Cell extracts were prepared in RIPA (radioimmu-
noprecipitation assay) buffer supplemented with 
Complete protease inhibitor cocktail (Roche). 
Equal amounts of cell extracts were resolved on 
acrylamide: bis-acrylamide gels and electroblotted 
onto PVDF membrane (Immobilon-P, Millipore) 

and probed with appropriate primary and HRP- 
conjugated secondary antibodies (Jackson 
ImmunoResearch). When necessary, membranes 
were stripped using Restore Western Blot 
Stripping Buffer (Thermo) and reprobed with anti- 
PUMA, anti-GAPDH, anti-S100A4, anti-MMP-2/ 
9, anti-bcl-2, anti-bax and cleaved-caspase-3 
(Santa Cruz, Shanghai, China). Unless otherwise 
specified, western blots were representative 
of n = 3.

Quantitative PCR (qPCR)

Total RNA was extracted from cells using Tri- 
RNA Reagent (Takara, Dalian, China). Total 
RNA was reverse-transcribed to cDNA using the 
PrimeScriptTMRT reagent Kit and random primers 
(Takara, Dalian, China). Pairs of primers were 
designed and optimized to quantify expression 
levels of miR-211 using quantitative PCR (qPCR). 
Results were analyzed using 2−ΔΔCT method.

Detection of cell viability by CCK-8 assay

After transfection, cells were digested with 0.25% 
trypsin for 1 min and counted by 
a hemocytometer. Cells were seeded in 96-well 
plates at a density of 5 × 103 cells/well with three 
duplications and incubated at 37°C overnight. 
Then, the cells were treated according to the 
requirement of corresponding groups and further 
cultured for 24–96 h. After that, 10 μL of CCK-8 
reagent was added to each well and incubated at 
37°C for 2 h. The absorbance at 450 nm was 
determined and the cell viability was calculated.

TUNEL assay

Terminal deoxynucleotidyl transferase dUTP nick 
end labeling (TUNEL) was done using a kit 
according to the manufacturer’s protocol (In Situ 
Cell Death Detection Kit, Shanghai, China). 
Briefly, the A7r5 cells (100 µl of 2 × 104 cells) 
were added into each well of a 96-well plate and 
incubated overnight, followed by cell transfection 
(Lv-LOC285194 or control Lv-NC, or co- 
transfection with S100A4 siRNA). Then, the cells 
were cultured in conventional conditions for 72 h. 
The medium was discarded and the cells were 
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fixed, the DNA nicks in apoptotic cells were 
labeled with fluorescein-conjugated nucleotides. 
Nuclei were stained with Hoechst. Apoptosis was 
semi-quantitatively evaluated by the ratio of 
TUNEL positive cell number divided by Hoechst 
positive cell number.

Enzyme-linked immunosorbent assay for 
apoptosis

A7r5 cells were seeded on a 96-well plate at 
a density of 2 × 104 cells/well and cultured in 
conventional conditions overnight. Then, the 
cells were transfected with Lv-LOC285194 or Lv- 
NC for 72 h, or co-transfection with S100A4 
siRNA for 72 h. Cell apoptosis was detected 
using an enzyme-linked immunosorbent assay 
(ELISA) kit, according to the manufacturer’s pro-
tocol (Cell Death Detection ELISA, Roche 
Molecular Biochemicals).

Wound healing assay

The Lv-LOC285194 or Lv-NC or S100A4 siRNA 
and control cells were cultured into six-well plates 
(1–1.2 × 105 cells/well) overnight. Then, the sur-
face of cell monolayers was scratched with a 200- 
µL micropipette tip. The wounded cells were 
washed several times with PBS to eliminate debris. 
The cells were then grown in a serum-free med-
ium for 24 or 48 hr before final images were 
acquired. Migration rates were calculated by mea-
suring the distance traveled toward the center of 
the wound using an Olympus CKX41 inverted 
microscope coupled with a digital imaging system.

Transwell assay

Transwell migration assay was performed by using 
8.0-μm cell culture inserts (Millipore, Darmstadt, 
Germany) to test the migratory ability of A7r5 cells 
with or without Lv-LOC285194 or Lv-NC or S100A4 
siRNA transfection. After incubation for 24 h at 37°C, 
cells on the upper surface of the membrane were 
scraped off. The invading cells on the membrane 
were fixed in 3.7% paraformaldehyde and stained 
using DAPI (Roche Diagnostics, Indiana, IN). 
Images were taken in 10 different fields for the sum 

of invading cells. Nuclei of migrated cells were 
counted in five high-power fields with a 20× objective.

Statistical analysis

All quantitative data were obtained from at least 
three independent experiments. All analyses were 
performed with SPSS 22.0 (SPSS). Data were pre-
sented as the mean ± SEM. Student’s t-test and 
one-way ANOVA were used for statistical analysis. 
p < 0.05 were considered significant.

Results

Characterization of A7r5 cells

The A7r5 cells purchased from the European 
Collection of Cell Cultures were identified by α- 
SMA staining, a VSMC-specific marker and found 
that more than 98% of the cells were α-SMA- 
positive (Figure 1).

LOC285194 inhibits proliferation and induces 
apoptosis in vitro

A7r5 cells were infected with an Lv-LOC285194 or 
Lv-NC for 72 h for apoptosis assay using an ELISA- 
based method. The results showed that LOC285194 
overexpression (Figure 2(a)) induced significant cell 
apoptosis in the A7r5 cells (Figure 2(b)). TUNEL 
staining also showed increased TUNEL positive cells 
in the Lv-LOC285194 overexpressing A7r5 cells 
(Figure 2(c)). We next investigated the influence of 
LOC285194 overexpression on the viability of A7r5 
cells, compared with the Lv-NC, the Lv-LOC285194 
group showed significant inhibition of cell viability 
(Figure 2(d)).

LOC285194 induces apoptosis through 
upregulation PUMA in vitro

A7r5 cells were co-transfection with PUMA siRNA 
and Lv-LOC285194 for 72 h. Lv-NC and NC 
siRNA were as the control. Lv-LOC285194 treat-
ment alone upregulated PUMA, bax and activated 
caspase-3, and downregulated bcl-2 (Figure 3(a)). 
After co-incubated with PUMA siRNA and Lv- 
LOC285194 for 72 h, Lv-LOC285194-induced 
upregulation of PUMA, bax and activated 
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caspase-3 was decreased and bcl-2 expression was 
upregulated (Figure 3(a)). Furthermore, targeting 
PUMA markedly decreased Lv-LOC285194- 
induced cell apoptosis (Figure 2(b,c)). Analysis of 
cell viability by CCK-8 assay, PUMA siRNA partly 
restored Lv-LOC285194-induced cell viability 
(Figure 2(d)), suggesting that LOC285194- 
induced apoptosis of A7r5 s cells was mediated 
by the activation of PUMA.

LOC285194 inhibits invasion and migration 
in vitro

A7r5 cells were transfection with Lv-LOC285194, Lv- 
NC, or negative control for 24 h. As shown in Figure 4 
(a–c), Lv-LOC285194 treatment decreased cell migra-
tion and invasion by wound healing assay and 
Transwell assays, suggesting that LOC285194 over-
expression inhibits the A7r5 cells invasion and 
migration.

LOC285194 inhibits invasion and migration by 
targeting S100A4 expression in vitro

To determine the mechanism of action by which 
LOC285194 influences the migration and invasion 
of A7r5 cells, S100A4 expression was examined. 
S100A4 protein expression was blocked in the 
LOC285194-overexpressing A7r5 cells compared 
with Lv-NC and negative control transfected A7r5 

cells (Figure 3(b)). To confirm that LOC285194- 
mediated inhibition of migration and invasion is 
indeed linked to S100A4, the cells were transfected 
with S100A4 siRNA for 24 h, which significantly 
inhibit S100A4 expression by western blot assay 
(Figure 3(c)). Figure 4(d) shows that targeting 
S100A4 reduced A7r5 cell migration and invasion 
by wound healing assays. And targeting S100A4 also 
decreased cell invasion and migration by the 
Transwell assay (Figure 3(e,f)). We next examined 
whether LOC285194 affects the expression of MMP- 
2 and MMP-9,which is associated with cell invasion 
and migration, only to find that LOC285194 over-
expression did not affect MMP-2 and MMP-9 
expression in the A7r5 cells (Figure 3(b)).

LOC285194 targets miR-211 to activates PUMA 
pathway

Lv-LOC285194 treatment repressed the expression 
of miR-211 in the A7r5 cells (Figure 5(a)). The 
expression of PUMA was increased in the miR-211 
inhibitor-treated A7r5 cells compared with the 
control miR-NC treated A7r5 cells (Figure 5(b, 
c)). PUMA expression was reversed in 
LOC285194 transfected A7r5 cells after transfec-
tion with miR-211 mimic (Figure 5(d)). These 
results indicated that LOC285194 upregulated 
PUMA by blocking miR-211.

Figure 1. Identification of A7r5 cells obtained from European collection of cell cultures.
(a) Primary cultures of A7r5 (phase contrast). (b) Co-staining of nuclei and α-smooth muscle actin (fluorescence/immunofluorescence) 
(200× magnification). 
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LOC285194 targets TGF-β1 to blocks S100A4 
expression

Based on the aforementioned observation that 
LOC285194 could repress the expression of 
S100A4, we asked whether the down-regulation 
of S100A4 by LOC285194 was dependent on the 
induction of TGF-β inactivity. The luciferase activ-
ity was dramatically increased in TGF-β1-treated 

A7r5 cells, but this effect was reversed in 
LOC285194-expressing A7r5 cells (Figure 6(a)). 
The expression of S100A4 was also increased in 
TGF-β1-treated A7r5 cells but significantly 
decreased after transfection with LOC285194 
(Figure 6(b)). The knockdown of S100A4 also 
inhibited TGF-β-mediated S100A4 upregulation 
(Figure 6(c)), suggesting that LOC285194 blocks 

Figure 2. Effect of LOC285194 overexpression on proliferation and apoptosis in A7r5 cells in vitro.
(a) A7r5 cells were infected with Lv-LOC285194 or Lv-NC for 72 h. (a) LOC285194 expression was detacted by qPCR assay; (b) A7r5 
cells were co-infected with Lv-LOC285194/Lv-NC and PUMA siRNA, cell apoptosis was detected by ELISA. (c) cell apoptosis was 
detected by TUNEL staining. (d) cell proliferation was detected by CCK-8 assay; *p < 0.05; **p < 0.01; ***p < 0.001. 
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TGF-β signaling and inhibits S100A4 
upregulation.

Discussion

Vascular smooth muscle cells (VSMC) are fully 
differentiated cells, exhibiting a very low rate of 
proliferation in healthy mature blood vessels. 
Smooth muscle α-actin (α-SM) is richly expressed 
in the VSMC cells to maintain vessel tone, blood 
pressure and blood flow [22]. Following vascular 
injury or in association with a variety of diseases, 
VSMC exhibit a decrease in expression of differ-
entiation markers and acquire a proliferative phe-
notype characterized by enhanced cell 
proliferation and migration [23]. The abnormal 
proliferation and migration of vascular smooth 
muscle cell (VSMC) are key components of var-
ious vascular diseases, including hypertension, 
atherosclerosis and vascular stenosis after vessel 
transplant [24,25]. In addition, VSMC apoptosis 
is one of the dominant factors that induces plaque 
vulnerability in atherosclerosis [26]. Therefore, 
understanding the mechanisms that control 

normal SMC phenotypic switch is likely to provide 
key insights toward knowing the biology of ather-
osclerosis and the development of new therapeutic 
targets. Our current study is focused on the roles 
of LOC285194 overexpression in suppressing 
VSMC proliferation, migration and induced apop-
tosis in a rat aortic VSMC A7r5 cells.

VSMC apoptosis may be a central event in 
plaque rupture and its subsequent sequelae [27]. 
VSMC apoptosis is one of the dominant factors 
that induces plaque vulnerability in atherosclero-
sis. Indeed, symptomatic plaques exhibit increased 
levels of VSMC apoptosis [27] compared with 
stable lesions. Identifying the mechanisms that 
regulate VSMC apoptosis potentially may lead to 
novel therapeutic approaches that are more effica-
cious for these patients. Previous works showed 
that LOC285194 overexpression induced cell 
apoptosis in gastric carcinoma [28], pancreatic 
cancer [29] and colon cancer [10]. In the present 
study, we demonstrated that LOC285194 overex-
pression significantly induced A7r5 cell apoptosis. 
The abnormal proliferation of vascular smooth 
muscle cell (VSMC) is the key component of 

Figure 3. Effect of LOC285194 overexpression on apoptotic and metastatic protein expression in vitro.
(a) A7r5 cells were infected with Lv-LOC285194 or Lv-NC for 72 h, pro- and anti-apoptotic protein expression were detected by 
Western blot assay. (b) A7r5 cells were infected with Lv-LOC285194 or Lv-NC for 72 h, S100A4, MMP-2/9 were detected by western 
blot assay; A7r5 cells were infected with S100A4 siRNA or NC siRNA for 24 h, S100A4 protein expression was detected by western 
blot assay. 
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various vascular diseases, including hypertension, 
atherosclerosis and vascular stenosis after vessel 
transplant. In this study, LOC285194 overexpres-
sion significantly decreased cell proliferation in 
A7r5 cells in vitro, which was agreed with the 
previous report in osteosarcoma [30] and colon 
cancer [10].

PUMA (p53 upregulated modulator of apopto-
sis) is a pro-apoptotic gene, which inhibits all the 
five anti-apoptotic proteins (Mcl-1, Bcl-2, Bcl-XL, 
Bcl-W and A1) and directly triggers apoptosis 
mediated by pro-apoptotic proteins Bax/Bak [31]. 
PUMA is induced by a wide variety of stimuli, 
including genotoxic stress, deregulated oncogene 
expression, toxins, altered redox status, growth 
factor/cytokine withdrawal and infection [32]. In 
this study, we firstly demonstrated that 
LOC285194 overexpression upregulated PUMA 
expression in A7r5 cells in vitro. LOC285194 

overexpression-mediated anti-proliferation and 
pro-apoptosis effects were significantly blocked 
with PUMA downregulation in A7r5 cells.

Emerging evidence shows that miRNAs exert 
functions by regulating translation or stability of 
target mRNAs. In this study, LOC285194 overex-
pression downregulated miR-211 expression in the 
A7r5 cells. miR-211 overexpression by miR-211 
mimic transfection also resulted in a dramatic sup-
pression of apoptosis and promotion of prolifera-
tion in LOC285194-overexpressing A7r5 cells, 
followed by decreased PUMA expression. 
Similarly, miR-211 downregulation by miR-211 
inhibitor transfection facilitated apoptosis and 
lowered proliferation of VSMCs followed by 
increased PUMA expression. We, therefore, con-
cluded that loc285194 induces VSMC cell apopto-
sis and lower cell proliferation by miR-211-PUMA 
signal pathway.

Figure 4. Effect of LOC285194 overexpression and S100A4 downexpression on invasion and migration in vitro.
(a,b) A7r5 cells were infected with Lv-LOC285194 or S100A4 siRNA and its control for 24 h; cell invasion and migration were detected 
using Transwell assay; (c,d) A7r5 cells were infected with Lv-LOC285194 or S100A4 siRNA and its control for 24 h and 48 h; cell 
migration was detected using Wound healing assay.*p < 0.05. 
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The presence of a large number of intimal 
VSMCs, for example, forming a fibrous cap, has 
been taken as evidence that VSMC migration from 
the media plays an important role in atherogenesis. 

Inhibiting both the migration of VSMCs and the 
thickening of the intima from the molecular level 
may be beneficial to prevent arteriosclerosis [33]. 
Previous studies have demonstrated that S100A4 

Figure 5. Effect of miR-211 on LOC285194 -induced PUMA expression.
(a) The A7r5 cells were transfected with Lv-LOC285194 or co-transfected with miR-211 mimic or its control miR-NC for 72 h. miR-211 
expression was detected by qPCR assay; (b) The A7r5 cells were transfected with miR-211 inhibitor or its control NC inhibitor for 
72 h. miR-211 expression was detected by qPCR assay; (c) PUMA protein expression was detected by western blot assay. (d) The A7r5 
cells were transfected with Lv-LOC285194 or co-transfected with miR-211 mimic or its control miR-NC for 72 h. PUMA protein 
expression was detected by western blot assay. 

Figure 6. TGF-β1 is required for S100A4 inhibition by LOC285194.
(a) A7r5 cells were Lv-LOC285194 or Lv-NC (control) and then treated with TGF-β1 (5 ng/ml; 24 h) (+) or mock treated (-), Luciferase 
is expressed as a ratio of firefly/renilla. (b) S100A4 was assessed by Western blot. (c) A7r5 cells were transfected with S100A4 siRNA 
or control siRNA for 48 h, then treated with TGF-β1 (5 ng/ml; 24 h), S100A4 was assessed by Western blot.**p < 0.01. 
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stimulated migration in human pulmonary artery 
smooth muscle cell [34] and vascular smooth muscle 
cell [35]. Furthermore, S100A4 expression was clo-
sely correlated with increased migration ability and 
EMT process induced by TGF-β stimulation [36]. In 
this study, LOC285194 overexpression inhibits inva-
sion and migration in A7r5 cells in vitro via inhibit-
ing TGF-β activity and S100A4 expression. 
Activation of TGF-β restored LOC285194 overex-
pression-induced migration inhibition and S100A4 
expression. We further validated by luciferase assay 
that TGF-β1 was regulated by LOC285194. The pre- 
experimental study found that the treatment of A7r5 
cells with miR-211 mimic or inhibitor did not affect 
S100A4 expression or LOC285194-induced S100A4 
expression, suggesting that miR-211 did not relate 
with LOC285194-induced S100A4 expression. We, 
therefore, concluded that LOC285194 inhibits inva-
sion and migration in A7r5 cells by TGF-β1-S100A4 
signal pathway.

MMPs are important regulators of the vascular 
ECM and other signaling pathways in the vascula-
ture. Activities of the matrix metalloproteinases 
(MMPs) MMP-2 and MMP-9 involve the prolifera-
tion and migration of vascular smooth muscle cells 
(VSMCs) [37]. However, in this study, LOC285194 
overexpression did not affect MMP-2 and MMP-9 
expression. Whether LOC285194 is involved in 
other MMP regulation need further investigation.

Conclusions

Collectively, this study shows that LOC285194 
inhibits migration and proliferation of VSMCs, 
and facilitates cell apoptosis. LOC285194 sup-
pressed miR-211 and induced PUMA expression. 
Targeting PUMA prevents the damaging effects of 
LOC285194 on A7r5 cells. LOC285194 inhibits 
invasion and migration of VSMCs via targeting 
TGF-β1/S100A4 signal. These effects demonstrat-
ing for the first time that LOC285194 overexpres-
sion may become a promising treatment option in 
the prevention of atherosclerosis.

Research highlights

(1) LOC285194 inhibited cell proliferation, 
invasion and migration, and promoted cell 
apoptosis.

(2) LOC285194 inhibits proliferation and pro-
moted apoptosis via targeting miR-211/ 
PUMA signal.

(3) LOC285194 decreased cell invasion and 
migration by targeting TGF-β1/S100A4 signal
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