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MiRNA-300 suppresses proliferation, migration
and invasion of non-small cell lung cancer

via targeting ETS1
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Abstract. - OBJECTIVE: To elucidate the bi-
ological function of microRNA-300 (miRNA-300)
in influencing the progression of non-small cell
lung cancer (NSCLC).

PATIENTS AND METHODS: The relative level
of miRNA-300in NSCLC tissues and cells was de-
termined by quantitative Real Time-Polymerase
Chain Reaction (qRT-PCR). The influences of
miRNA-300 on the proliferative, migratory, and
invasive potentials of A549 cells were assessed.
The binding relationship between miRNA-300
and ETS1 was verified by the Dual-Luciferase
Reporter Gene Assay. Finally, the regulatory ef-
fect of the interactive miRNA-300 and ETS1 on
the progression of NSCLC was identified.

RESULTS: MiRNA-300 was downregulated in
NSCLC tissues and cells. The overexpression of
miRNA-300 suppressed A549 cells to proliferate,
migrate, and invade. MiRNA-300 could bind to
ETS1 3’UTR and suppress its level in A549 cells.
Notably, the knockdown of miRNA-300 could re-
verse the regulatory role of ETS1 in the cellular
behaviors of NSCLC.

CONCLUSIONS: MiRNA-300 suppresses NS-
CLC to proliferate, migrate, and invade by tar-
geting ETS1.
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Introduction

Lung carcinoma is a complex disease involving
multiple genes and pathways. According to cell
morphology and biological characteristics, lung
carcinoma is pathologically classified into small
cell lung cancer and non-small cell lung cancer
(NSCLC). NSCLC is the major subtype of lung
cancer, accounting for 85% of all lung carcino-
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ma cases'. NSCLC is a solid tumor with high ma-
lignancy, rapid progression, and poor prognosis.
Although the target therapy, the immune therapy,
and other therapies for NSCLC treatment have
been greatly advanced, the 5-year survival of NS-
CLC is lower than 15%?%3. Hence, it is urgent to
uncover the pathogenesis of NSCLC, thus devel-
oping effective therapeutic targets to improve the
clinical outcomes.

MicroRNAs (miRNAs) are non-coding, sin-
gle-strand RNAs with 20-24 nt long that are ex-
tensively distributed in the animals and plants®.
They are significant for the gene regulatory net-
work. MiRNAs are capable of regulating gene
expressions by binding to specific mRNAs to fur-
ther suppress their translation or directly induce
degradation®. Currently, miRNAs have been well
investigated for their potentials in predicting the
progression, metastasis, and prognosis of tumors,
including NSCLC®". Li et al® demonstrated that
miR-26b inhibited the metastasis of NSCLC by
targeting and downregulating MIEN1 through the
NF-kB/MMP-9/VEGF axis. Want et al® reported
the role of miR-124 in inhibiting the proliferative
ability and accelerating the ionizing radiation-in-
duced apoptosis of NSCLC by downregulating
STAT3. Therefore, it is of clinical significance to
identify NSCLC-related miRNAs, thus develop-
ing novel therapeutic approaches for NSCLC.

MiRNA-300 is dysregulated in many types of
tumors. In osteosarcoma'®!! and gastric cancer'?,
miRNA-300 is remarkably upregulated as an on-
cogene. On the contrary, miRNA-300 is lowly ex-
pressed in head and neck squamous cell carcino-
ma and hepatocellular cancer. By targeting ROSI,
miRNA-300 inhibits cell proliferation and the
metastasis of head and neck squamous cell car-
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cinoma®. MiRNA-300 suppresses hepatocellular
cancer to invade and migrate by inhibiting EMT
through the FAK/PI3K/AKT pathway'. He et al®®
showed that miRNA-300 regulates the insulin
sensitivity by targeting p53 and apafl in NSCLC.

In this paper, the expression pattern and bio-
logical functions of miRNA-300 in NSCLC were
mainly explored. By predicting and verifying the
target gene of miRNA-300, the regulatory mech-
anism of miRNA-300 in NSCLC was further ex-
plored.

Patients and Methods

Sample Collection

NSCLC tissues and adjacent normal tissues
were surgically resected from 20 NSCLC patients
treated in the Zhongnan Hospital of Wuhan Uni-
versity from April 2016 to December 2018. They
did not receive preoperative anti-tumor therapy
and had no history of other malignancies. The
clinical data of the enrolled NSCLC patients were
collected. All subjects volunteered to partici-
pate in the study and signed a written informed
consent. This study was approved by the Ethics
Committee of Zhongnan Hospital of Wuhan Uni-
versity.

Cell Culture and Transfection

The lung carcinoma cell lines (A549, PC9, and
H1299) and human bronchial epithelial cell line
(HBE) were provided by Cell Bank (Shanghai,
China). The cells were cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM; HyClone,
South Logan, UT, USA) containing 10% fetal
bovine serum (FBS; HyClone, South Logan, UT,
USA), 100 Ul/mL penicillin and 0.1 mg/mL strep-
tomycin, at 37°C in a 5% CO, incubator.

The cells were cultured until they reached 60%
of confluence and were subjected to transfection
using Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA). 6 hours later, the complete medium
was replaced. The transfected cells for 24-48 h
were harvested for in vitro experiments.

Quantitative Real Time-Polymerase Chain
Reaction (gRT-PCR)

The cells were lysed for harvesting the to-
tal RNA and subjected to reverse transcription
for extracting the complementary deoxyribose
nucleic acid (cDNA). The cDNA was used for
conducting qRT-PCR using the SYBR® Prime-
Script™ RT-PCR (TaKaRa, Otsu, Shiga, Chi-
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na) on the ABI 7300 PCR system (Applied Bio-
systems, Foster City, CA, USA). QRT-PCR was
conducted for 5 min at 95°C, followed by 40
cycles for 30 s at 95°C, 30 s at 68°C, and 60 s
at 72°C. The relative levels were normalized to
that of glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH). The primer sequences were as
follows: MiRNA-300: F: 5-CGGAATTCGGC-
TATGGAAGGAATAGATGTGTG-3', R: 5-CG-
GGATCCGGCCAAGGTAGGCCCTTTTTG-3
ETSI: F: 5°-AGCCGACTCTCACCATCATC-3’,
R: 5-CAAGGCTTGGGACATCATTT-3".

Cell Counting Kit-8 (CCK-8)

The cells were seeded in the 96-well plate with
1x10* cells per well and cultured overnight. Ab-
sorbance (A) at 450 nm was recorded at the ap-
pointed time points using the CCK-8 kit (Dojindo
Laboratories, Kumamoto, Japan) for depicting the
viability curves.

Transwell

The cell density was adjusted to 1x10° cells/
mL. 200 pL of suspension was applied in the up-
per side, while 600 pL of medium containing 5%
FBS was applied in the bottom of the transwell
chamber (8 pm in pore size; Corning, Corning,
NY, USA) pre-coated with 50 pg Matrigel gel. Af-
ter 24 h of incubation, the cells penetrated to the
bottom side were fixed in methanol for 15 min,
stained with crystal violet for 20 min, and count-
ed using a microscope. The number of migratory
and invasive cells was counted in 5 randomly se-
lected fields per sample (magnification 200x).

Dual-Luciferase Reporter Gene Assay

The wild-type and mutant-type Luciferase plas-
mids of ETSI were constructed. The cells seeded
in the 24-well plate with 2x10° cells per well were
co-transfected with wild-type/mutant-type ETS1
and miRNA-300 mimic or NC. 48 hours later, the
cells were lysed for determining the relative Lu-
ciferase activity (Promega, Madison, WI, USA).

Western Blot

The total protein was extracted from cells us-
ing radioimmunoprecipitation assay (RIPA) and
quantified by bicinchoninic acid (BCA) method
(Beyotime, Shanghai, China). The protein sam-
ple was loaded for electrophoresis and transferred
on polyvinylidene difluoride (PVDF) membranes
(Roche, Basel, Switzerland). The membranes
were blocked in 5% skim milk for 2 hours, and
subjected to incubation with primary and second-
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Figure 1. Downregulation of miR-300 in NSCLC. A, MiR-300 level in NSCLC tissues and adjacent normal tissues. B, MiR-

300 level in 16HBE, A549, PC9, and H1299 cells.

ary antibodies. The bands were exposed by en-
hanced chemiluminescence (ECL) and analyzed
by Image Software.

5-Ethynyl-2-Deoxyuridine (EdU) Assay

The cells were inoculated into 96-well plates
with 1x10° cells per well, and labeled with 100 uL
of EdU reagent (50 uM) per well for 2 h. After
washing with Phosphate-Buffered Saline (PBS),
the cells were fixed in 50 pL of fixation buffer,
decolored with 2 mg/mL glycine and permeated
with 100 pL of penetrant. After washing with
PBS once, the cells were stained with 4°,6-di-
amidino-2-phenylindole (DAPI) in the dark for 30
min. The EdU-positive cells, DAPI-labeled cells,
and their merged images were determined under
a fluorescent microscope.

Statistical Analysis

The GraphPad Prism 7.0 (La Jolla, CA, USA)
was used for data analyses. The data were ex-
pressed as mean + standard deviation. The in-
tergroup differences were analyzed by the #-test.
p<0.05 was considered as statistically significant.

Results

Downregulation of MiRNA-300 in NSCLC

To determine the expression pattern of miR-
NA-300 in NSCLC, its level was firstly exam-
ined in NSCLC tissues and adjacent normal ones.
QRT-PCR data showed a lower abundance of
miRNA-300 in NSCLC tissues relative to normal
ones (Figure 1A). Furthermore, miRNA-300 was

downregulated in lung carcinoma cells A549,
PC9, and H1299 cells than that of human bronchi-
al epithelial cells I6HBE (Figure 1B). In the three
selected tumor cell lines, A549 cells expressed
the lowest level of miRNA-300, and were used for
the following experiments. The above data sug-
gested that miRNA-300 was downregulated in
NSCLC and may be involved in the progression
of NSCLC.

MIiRNA-300 Suppressed NSCLC to
Proliferate, Migrate, and Invade

To uncover the biological role of miRNA-300
in NSCLC, miRNA-300 mimic was first con-
structed. The transfection of miRNA-300 mimic
markedly upregulated the miRNA-300 level in
A549 cells (Figure 2A). The CCK-8 assay re-
vealed lower viability in A549 cells transfected
with miRNA-300 mimic relative to those of the
controls (Figure 2B). Besides, the EdU-positive
ratio decreased after transfection of miRNA-300
mimic in A549 cells, indicating the attenuated
proliferative potential (Figure 2C). Furthermore,
the transwell assay uncovered the inhibited mi-
gratory and invasive capacities in A549 cells
overexpressing miRNA-300 (Figure 2D). Hence,
miRNA-300 was believed to be a tumor-suppres-
sor gene in NSCLC to suppress the proliferation
and metastasis of the tumor cells.

ETS1 Was the Target Gene of MiRNA-300

The potential binding sites in the promoter
region of miRNA-300 and ETSI1 were predicted
on the TargetScan (Figure 3A). Furthermore, the
Luciferase activity decline was observed after the
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Figure 2. MiR-300 suppressed NSCLC to proliferate, migrate, and invade. A, The transfection efficacy of miR-300 mimic in
AS549 cells. B, Viability in A549 cells transfected with miR-300 mimic or NC mimic at 24, 48, 72, and 96 h. C, EdU-positive
cells, DAPI-labeled cells, and their merged images of A549 cells transfected with miR-300 mimic or NC mimic (magnification:
40x). D, Migration and invasion of A549 cells transfected with miR-300 mimic or NC mimic (magnification: 40%).
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Figure 3. ETSI was the direct target of miR-300. A, Binding sites in the promoter region of miR-300 and ETSI predicted on
TargetScan. B, Luciferase activity in A549 cells co-transfected with ETSI-WT/ETSI-MUT and miR-300 mimic/NC mimic,
respectively. C, The mRNA level of ETS1 in A549 cells transfected with miR-300 mimic or NC mimic. D, The protein level of
ETS1 in A549 cells transfected with miR-300 mimic or NC mimic.

co-transfection of miRNA-300 mimic and ETSI-
WT, by verifying the binding between miR-
NA-300 and ETS1 (Figure 3B). Both mRNA and
the protein levels of ETS1 were downregulated in
AS549 cells transfected with miRNA-300 mimic
(Figures 3C, 3D). As a result, ETS1 was the di-
rect target of miRNA-300, and the ETSI level was
negatively regulated by it.

MiRNA-300 Requlated the Progression
of NSCLC by Targeting ETS1

Concerning the target gene of miRNA-300,
we next focused on the interaction between miR-
NA-300 and ETSI in the progression of NSCLC.
The transfection of si-ETS1 markedly downreg-

ulated ETSI level in A549 cells, confirming its
transfection efficacy. The downregulated level
of ETS1 in A549 cells transfected with si-ETS1
was partially reversed by the co-transfection of
miRNA-300 inhibitor (Figure 4A). Transfection
of si-ETS1 reduced the viability and EdU-positive
ratio in A549 cells, and was further reversed by
the knockdown of miRNA-300 (Figures 4B, 4C).
Moreover, the attenuated migratory and invasive
capacities of A549 cells with ETS1 knockdown
were partially reversed after the knockdown of
miRNA-300 (Figure 4D). Collectively, miR-
NA-300 attenuated the proliferative, migratory,
and invasive potentials of NSCLC by targeting
and downregulating ETS1, thus exerting a tu-
mor-suppressor effect.
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Figure 4. MiR-300 regulated the progression of NSCLC by targeting ETS1. A549 cells were transfected with NC, si-ETSI,
or si-ETS1+miR-300. A, Relative level of ETSI. B, Viability at 24, 48, 72, and 96 h. C, EdU-positive cells, DAPI-labeled cells,
and their merged images (magnification: 40x). D, Migratory and invasive cell numbers.
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Discussion

The deterioration of NSCLC is a multi-step
process, involving various pathological changes
and gene expression changes'®!”. With the rapid
progression of molecular biology and therapeutic
technology, plenty of genes have been discovered
to be related to the occurrence and progression
of NSCLC®2°. These certain genes may be uti-
lized for developing diagnostic, therapeutic, and
prognostic markers of NSCLC. In this paper,
miRNA-300 was downregulated in NSCLC tis-
sues and cells. In vitro experiments showed that
the overexpression of miRNA-300 could attenu-
ate viability, migratory, and invasive potentials of
A549 cells.

MiRNAs are able to stimulate mRNA degrada-
tion by binding to them, thus mediating the gene
expressions at post-transcriptional level*?. On
the other hand, miRNAs could regulate the gene
expressions by inhibiting the initiation of mRNA
translation*. Jin et al*> demonstrated that the in-
terferon regulatory factor 2 (IRF2) is the target
gene of miR-1290 and is negatively regulated by
the latter. Our results verified that miRNA-300
could bind to ETSI 3’UTR, suggesting the direct
binding between miRNA-300 and ETSI1. More-
over, both mRNA and the protein levels of ETS1
were negatively regulated by miRNA-300.

ETSI is extensively expressed in embryos and
adult tissues, which is important in lymphoid de-
velopment, T cell activation, and angiogenesis.
ETSI is also able to influence cellular behaviors®.
ETSI has been identified to be highly expressed in
multiple types of tumors*”#. Cao et al* illustrated
that miR-512-5p affects proliferative, migratory,
invasive, apoptotic, and differentiation capacities
of NSCLC by targeting ETSI1. Here, the silence
of ETSI attenuated the viability, migration, and
invasiveness of A549 cells. More importantly, the
knockdown of miRNA-300 reversed the regula-
tory effect of ETS1 on the cellular behaviors of
A549 cells. It is concluded that miRNA-300 in-
fluenced the malignant progression of NSCLC via
targeting ETSI.

Conclusions

The above findings discovered that miR-
NA-300 is downregulated in NSCLC tissues and
cells. It inhibits NSCLC to proliferate, migrate,
and invade by downregulating ETSI, thus sup-
pressing the malignant progression of NSCLC.
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