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MicroRNA-520a-3p inhibits cell growth and
metastasis of non-small cell lung cancer through
PIBK/AKT/mTOR signaling pathway
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Abstract. — OBJECTIVE: MicroRNAs are a
class of small non-coding RNAs that be involved
in the pathogenesis of non-small cell lung can-
cer (NSCLC). The purpose of this study was
to evaluate the effects of miR-520a-3p in cell
growth and metastasis.

MATERIALS AND METHODS: The mimics and
inhibitor of miR-520a-3p were used to identify the
effects of miR-520a-3p on cell proliferation and
apoptosis using methylthiazol tetrazolium (MTT)
assay and flow-cytometric method, respectively.
Transwell assay was used to evaluate the cell mi-
gration and invasion. The protein expression lgv-
els related PI3BK/AKT/mTOR signaling pat
were measured by Western blot.

RESULTS: The results showed that miR-5
3p overexpressmn could S|gn|f|cantly inh

tio of p-AKT/AKT, p-PI3K/R

the levels of mTOR, ma
(MMP-2) and matrix
9) compared with ¢

suppress the NSCLC prolif-
n and invasion through PI3K/

) Oa -3p, Non-small cell lung cancer, PI3K/AKT/
mTOR, Apoptosis, MMP2, MMP9.
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Introduction

Lung cancer is considered as one of the most seri-
ous diseases worldwide'. The incidence of lung can-
cer increases by the 16% around the world in the two
decades?®. Non-small cell lung cancer (NSCLC) is
the predominant type, accounting for 80% of all
lung cancers. During these years, signs of progress
have been made for treatment of lung cancer, though
the molecular mechanisms need to be elucidated*.

MicroRNAs are a family of small, sin-
gle-stranded, endogenous and non-coding RNAs,
around 18-25 nucleotides. They could suppress
gene expression after post-transcription through
binding to 3’-untranslated regions (UTR) of target
gene mRNA’?. Previous studies have demonstrat-
ed that miRNA plays an important role in tumors
and it is involved in the gene regulation, cell dif-
ferentiation, proliferation, apoptosis and metasta-
sis. miR-520a-3p has been identified as an onco-
gene or tumor suppressor, such as hepatocellular
carcinoma, pancreatic cancer and so on'®!!, How-
ever, the underlying mechanism of miR-520a-3p
on NSCLC metastasis needs to be clarified.

Phosphoinositide  3-kinase/protein  kinaseB/
Mammalian target of rapamycin (PI3K/AKT/
mTOR) is the key pathway involved in cell cycle,
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proliferation, and energy metabolism. It is one of
the most mutated pathways in tumor'*". PI3K is
a kinase located on the cellular membrane, stimu-
lated by several hormones. Once PI3K is activated,
it can phosphorylate the downstream kinases such
as AKT. Also, this pathway plays an important role
on cellular metabolism and protein synthesis. Dys-
regulation of this pathway is participated in several
cancers, targeting of this pathway is considered as
a potential therapeutic strategy of NSCLC™.
Matrix  metalloproteinases (MMPs) are
zinc-dependent secreted proteinases, which play
an important role in invasion, apoptosis in tumor
progression, especially in relation to tumor me-
tastasis. NSCLC cell line NCI-H1975 was used in
this study. Several studies have been used to ex-
plore the role of miR-520a-3p in lung cancer. The
mRNA expression level of miR-520a-3p was mea-
sured with qRT-PCR. MTT assay and flow-cy-
tometry were used to evaluate the cell prolifer-
ation and apoptosis, respectively. Cell migration
and invasion were detected by the transwell assay.
The proteins related to PI3K/ATK/mTOR were
measured with Western blot.

Materials and Methods

ATCC (Manassas, VA, USA
in the high glucose Dul

transfected with
ity, CA, USA)

expression level of miRNA of
”For RNA 1solat10n total RNA was

ermined at 260/280 nm using a nanodrop
spectrophotometer (ND-2000, Thermo Fisher
Scientific, Waltham, MA, USA). 1 pg of each ex-
tracted RNA was used to cDNA synthesis, and RT
primer was 5’-CTCAACTGGTGTCGTGGAGTC-
GGCAATTCAGTTGAGACAGTCCAAA-3’. RT
cDNA synthesis was conducted in 14 pl reaction
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mixture, containing 1 pl reverse transcriptase (50
U) and 1 pl oligo (dT) primer (Bio-Rad, Hercules,
CA, USA), according to manufacturer’s instruc-
tions (TaKaRa, Otsu, Shiga, Japan). The cDNA
was used as a template; the relative expression
levels of miR-520a-3p and U6 from rats receiving
experimental treatment were determinedh

follows: miR-520a-3p,
CAGCTGGG AAAGTGCTTCGE
verse, 5-CTCAACTGGTG
20 pl reaction system con

reagent kit I meth-
TT) (Sigma-Aldrich,
A). Cells treated with mimics,
cle were seeded into a 96-well
incubated for 24 h. Each well

. Dimethyl sulfoxide (DMSO) 150 ul/
s added for 5 min before reading at 490
nm with VersaMax microplate reader (Molecular
Devices, Sunnyvale, CA, USA).

Flow-Cytometric Analysis of Apoptosis
The FITC Annexin V/PI apoptosis detection kit
(BD Biosciences, San Diego, CA, USA) was used
to measure cell apoptosis. The NCI-H1975 cells
were treated with mimics, inhibitor and vehicle
for 24 h in 6-well plate. Cells were washed twi-
ce with cold phosphate buffered saline (PBS) and
harvested trypsinization, and re-suspended in
binding buffer. The cells were double stained with
annexin V-fluorescein isothiocyanate (FITC)
and propidium iodide (PI) (J&K Scientific Ltd.,
Beijing, China) for 15 min at 37°C. Then, cells
were detected with flow cytometer (CyAn ADP9,
Beckman Coulter, CA, USA). All cells were di-
vided into living cells, early apoptotic cells and
late apoptotic cells. The percentage of cells with
apoptotic nuclei (% apoptosis) was calculated.

Cell Migration and Invasion Assays

For the migration assay, cells were placed in
the upper chamber of an insert (8 um pore size;
Costar, Switzerland) with 200 pl serum-free me-
dium. In the lower chamber, 500 pl medium with
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10% FBS were added. The cells were incubated at
37°C for 12 h in incubator. Cells on the filter sur-
face were fixed with 4% formaldehyde (Beyotime
Biotechnology, Shanghai, China), stained with
0.1% crystal violet solution (Beyotime Biotechno-
logy, Shanghai, China) for 30 min.

For the invasion assay, the upper chamber of tran-
swell insert was coated with Matrigel Matrix (BD
Biosciences, Franklin Lakes, NJ, USA). Cells were
transfected with mimics, inhibitor and vehicle for 48
h. The cells were harvested and seeded into the up-
per chamber of the insert with serum-free medium
for 24 h. The cells that remained on the upper mem-
brane were removed with cotton wool. The invested
cells were stained with 0.1% crystal violet solution
for 30 min after fixed with 4% formaldehyde. Ima-
ges were captured with light microscope (Olympus,
Tokyo, Japan) and cells numbers were calculated on
five fields of each insert.

Western Blot Assay

The protein samples from each group were re-
solved by sodium dodecyl sulphate-polyacrylami-
de gel electrophoresis (SDS-PAGE). The protein
was extracted by lysing cells in radioim
precipitation assay (RIPA) buffer conta
protease and phosphatase inhibitor cocktail.
protein concentrations were determined usin

to polyvinylidene difl
(Millipore, Billerica

logy, Santa Cruz, CA, USA), mTOR, 1:500 (Ab-
cam, Cambridge, MA, USA), Bcl-2 1:500, Bax,
1:500, caspase-3, 1:500 (Santa Cruz Biotechno-
logy, Santa Cruz, CA, USA), MMP-2, 1:2000,
MMP-9, 1:2000, and B-actin, 1:1000 (Abcam,
Cambridge, MA, USA) were used followed by
the application of the secondary antibodie

sisting of horseradish-peroxidase (k

gated goat anti-rabbit/mouse IgG
Cruz Biotechnology, Santa Cru
protein bands were detected

Results

-520p-3a Suppresses Cell
Proliferation and Induces Apoptosis

MTT assay was used to evaluate the effects of
miRNA-520a-3p on NSCLC cell line NCI-H1975
on cell proliferation. The results showed that mi-
mics treatment could significantly suppress the
cell proliferation compared with vehicle (Figure
1A) over 96 h after transfection. When cells were
transfected with inhibitor of miRNA-520a-3p, the
viable cells were markedly increased compared
with vehicle (Figure 1A).
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Figure 1. Effect of miRNA-520a-3p on cell proliferation and apoptosis of NCI-H1975 cell. 4, MTT assay was performed to
evaluate the proliferation at different time points; p < 0.05, compared with control. B, Apoptosis rates were determined by flow
cytometry. Data represent the mean+ SD; p < 0.01 compared with control.
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The flow cytometry was used to detect th:
apoptosis. The results demonstrated that mi
treatment could i increase cell apopt051s cornpa

group (Figure 1B). These rg
miRNA-520a-3p could su

and invasion (Figure
itor could significantly

RNA-520p-3a may have a tumor
essor function.

W-520p-3a Affects PI3K/AKT/mTOR
Pathway

PIBK/AKT/mTOR pathway is important in cel-
lular metabolism and protein synthesis. To deter-
mine the activation of PI3K/AKT/mTOR pathway
in NSCLC cell, cells were transfected with mimics
and inhibitor of miRNA-520p-3a; the phosphoryla-
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asion cells per field

Inhibitor

, t of miRNA-520a-3p on cell
-3p on cell invasion of NCI-H1975 cell.

of these proteins was evaluated by Western
hown in Figure 3, the phosphorylation of
igure 3A, p <0.01) and AKT (Figure 3B, p
<0.05) was significantly reduced after mimics’ tre-
atment. When cells treated with inhibitor of miR-
NA-520p-3a, the phosphorylation of PI3K (Figure
3A, p <0.01) and AKT (Figure 3B, p < 0.05) was
markedly promoted. The mimics could markedly
block the protein expression of mTOR (Figure 3C,
p < 0.05), meanwhile the cells transfected with
inhibitor could induce the expression of mTOR
(Figure 3C, p <0.05).

Caspase-3, Bcl-2 and Bax play a key role in cell
apoptosis and tumorigenesis. Mimics of miRNA-
520a-3p treatment could reduce expression of
Bcl-2, and increase Bax expression (Figure 3D,
p < 0.01) compared to control group. While the
expression of caspase-3 was markedly increased
in mimics group compared with control group
(Figure 3E, p <0.05).

MMP2 and MMP?9 are critical factors involved
in tumor cell migration and invasion. Compared
with control group, the protein levels were signi-
ficantly lower in the mimics treated group (Figure
3F, p < 0.01), while inhibitor could markedly in-
crease MMP2 and MMP9 levels (Figure 3F, p <
0.01). These results indicated that miRNAS520a-3p
may affect tumor cell apoptosis through PI3K/
AKT/mTOR pathway.
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Discussion

NSCLC is one of the most serious diseases
worldwide, and the underlying mechanism is very
complex. There is growing evidence that miRNA
plays a key role in progression of NSCLC tumor
cells16-19. Previous studies demonstrated that
miRNA deregulation participated in the initia-
tion, progression and metastasis of many cancers
through different signaling pathway, which regu-
lates cell proliferation, differentiation, apoptosis,
migration and invasion. Moreover, some studies
found that some miRNAs play a crucial role in
oncogenes or tumors. Several non-coding RNAs
were identified as NSCLC metastasis and as hal-
Imarks of cancers. In the present study, miRNA-
520a-3p, a typical multifunction miRNA, was
evaluated in NSCLC cell line NCI-H1975%%.
Our results demonstrated that miRNA-520a-3p
could suppress tumor cell proliferation, indu-
ce apoptosis and hinder cancer cell migration
and invasions. Yu et al** reported that increased
expression of miRNA-520a-3p markedly inhi-
bited NSCLC proliferation, promoted NSCLC
apoptosis and down-regulated cell invasion
metastasis capacities. Our data were const
with Yu’s study. To explore the molecular me
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nism of miRNA -520a-3p in NSCLC cell line, the
PI3K/AKT/mTOR pathway related proteins were
detected in this study. PI3K/AKT/mTOR pathway
plays an important role of mediator of many bio-
logical processes such as cell proliferation, mi-
gration, cell cycle progression and apoptosis'*=.
PI3K/AKT/mTOR signaling pathway is_ dayolved
in many human cancers. PI3K, a lipig '

subunit p85 and a catalytic sub
vated by many cytokines in

4E (4EBP1) and result
ion. Dysregulation of this pa-
e cell apoptosis and alter me-
study, miRNA-520a-3p could
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Figure 3. The effects of miRNA-520a-3p on related protein expression with PI3K/AKT/mTOR pathway in NCI-H1975 cell
line. A, Western blot analysis of p-PI3K and PI3K; p < 0.05, compared with control. B, Western blot analysis of p-Akt and Akt;
p <0.01, compared with control. C, Western blot analysis of mTOR. D, Western blot analysis of Bcl-2 and Bax. E, Western blot
analysis of caspase-3. F, Western blot analysis of MMP-2 and MMP-9. Data represent the mean+ SD.
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that miRNA-520a-3p is a very promising inhibitor
of PI3K/AKT/mTOR pathway and could signifi-
cantly inhibit cell proliferation and induce cell
apoptosis. Apoptosis is one of most important
physiological cell processes that control cell de-
ath. Caspase-3, Bcl-2 and Bax play a key role in
cell apoptosis and tumorigenesis. Caspase-3 is the
important protein of caspase enzyme family, whi-
ch is involved in promoting cell apoptosis®’. Most
cell apoptosis-inducing factors eventually cause
cell apoptosis through caspase pathway. Bcl-2
and Bax are the two main group proteins of Bcl-
2 family. Bcl-2 is the vital anti-apoptosis protein,
whereas Bax is pro-apoptosis protein. Bax could
release cytochrome ¢ from mitochondria where
activates caspase-3, which could form a hetero-
dimer with Bcl-2. These proteins were also mea-
sured in this experiment. When cells were treated
with miRNA -520a-3p mimics, the ratio of Bcl-2/
Bax was attenuated, and the expression of caspa-
se-3 was increased. These findings were also con-
sistent with previous results. MMPs are conside-
red to play a role in cell proliferation, adhesion,
migration, and metastasis?**’. MMPs could redu-
ce the expression of type IV collagen since
an important component of extracellular m
Down-regulation of MMP2 and MMP9 ¢
1nh1b1t NSCLC migration, 1nvas1on and rnetas

MMP 9. The results indicated tk
3p treated with mimics coulg

monstrated that miRNA-520a-3p
press cell proliferation, apoptosis and me-
f NSCLC NCI-H1975 cell through PI3K/
OR pathway. miRNA-520a-3p could be
considered as a potential target of therapeutic
NSCLC in clinic study.
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