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miR-512-5p suppresses proliferation, migration and invasion,
and induces apoptosis in non-small cell lung
cancer cells by targeting ETS1
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Abstract. An increasing number of microRNA (miRNA) have
been demonstrated to serve as molecular biomarkers for tumor
cell progression. miR-512-5p was revealed as oncogenic regu-
lator in several types of cancer. However, whether and how
miR-512-5p regulates non-small cell lung cancer (NSCLC)
remains unclear. In the present study, the expression of
miR-512-5p was detected in NSCLC tissues and cell lines.
Then, the proliferation, migration, invasion and apoptosis
in NSCLC A549 and H1299 cell lines were detected when
miR-512-5p was overexpressed. Furthermore, the underlying
mechanism was identified. The level of miR-512-5p was
decreased in NSCLC tissues and in NSCLC cells compared
with adjacent normal tissues and normal lung tissue cell lines.
miR-512-5p mimics inhibited the cell proliferation, migration,
invasion and induced apoptosis in A549 and H1299 cells. In
addition, a luciferase reporter assay suggested that overexpres-
sion of miR-512-5p may decrease the expression of the E26
transformation specific-1 (ETSI) gene; it was subsequently
verified that downregulation of the ETS1 gene inhibited cell
proliferation and migration and induced cell apoptosis in
A549 and H1299 cells, and ETS1 small interfering RNA in the
presence of an miR-512-5p inhibitor reversed the effect. The
data described in the present study suggest that miR-512-5p
may be a tumor suppressor and a potential treatment target in
NSCLC.
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Introduction

According to recent estimates from the International Agency
for Research on Cancer of the World Health Organization,
the total number of lung cancer cases represents 20% in all
malignant tumors, and the mortalities account for 25.4%
of all cancer-associated mortalities (1). In China, with the
increases in the size of the aging population, changes in life-
style, and economic and environmental factors, the incidence
and mortality rate of lung cancer are increasing consis-
tently (2). In all patients with lung cancer, non-small cell lung
cancer (NSCLC) represents >80% cases (3). NSCLC is not
easily diagnosed. The majority of patients are diagnosed with
mid- and late-stage disease and are not suitable for surgical
treatment. Although medical technology has improved
in previous years, the early diagnosis, comprehensive
management and prognosis of patients with NSCLC remain
unsatisfactory. The use of effective diagnostic and therapeutic
methods for early detection and early treatment have become
an important issue in the control of NSCLC.

MicroRNAs (miRNAs) are non-coding RNAs measuring
20-22 nucleotides in length and are highly conserved among
species. There are a number of miRNAs (miRNAs) in
the human genome involved in various cellular processes
including differentiation, proliferation, apoptosis, and tumori-
genesis and progression (4). In previous years, the association
between microRNA (miRNA) and lung cancer, in particular
NSCLC, has become a focus of a number of studies: For
example, miR-210 (5), miR-26a (6), and miR-212 (7) in lung
cancer have been demonstrated to serve as oncogenes. By
contrast, miR-1 (8), miR-126 (9), and miR-149 (10) serve as
tumor suppressors in lung cancer. miR-512-5p is the 5'terminal
of miR-512 precursor. It was demonstrated that miR-512-5p
level was increased in several tumor types (11,12). A previous
study revealed that miR-512-5p may induce apoptosis and
inhibit glycolysis by targeting cyclin-dependent kinase inhib-
itor 1 (p21) in NSCLC cells (13). However, its roles in NSCLC
have not yet been fully understood.

E26 transformation specific-1 (ETS1) is a type of
proto-oncogene that is highly expressed in a variety of
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malignancies (14). ETS1 participates in tumor invasion,
metastasis, angiogenesis, proliferation, differentiation and
anti-apoptosis activities by regulating the expression of
multiple genes (15-17). Dysregulation of ETSI1 is frequent in
NSCLC, but its regulation mechanism in NSCLC tumorigen-
esis remains unknown.

In the present study, the role of miR-512-5p in the devel-
opment of NSCLC was examined; the results revealed that
miR-512-5p was overexpressed in tumor cells and tissues,
that it suppressed cell proliferation and invasion, induced
apoptosis, and decreased ETS1 expression. Furthermore, it
was confirmed that the miR-152-5p may inhibit ETS1 expres-
sion via targeting its 3'-UTR, and then induce the apoptosis
pathway and activate the intrinsic invasion pathway.

Materials and methods

Human tissue samples. The study was known and approved by
the Ethics Committee of the Nanjing Gulou Hospital (Nanjing,
China), Jiangsu Provincial Hospital of Traditional Chinese
Medicine (Nanjing, China) and Affiliated Hospital of Xuzhou
Medical College (Xuzhou, China). Clinical samples were
collected from 181 patients with NSCLC between June 2014
and October 2017, and informed consent was granted. All
patient diagnoses of NSCLC had been finally confirmed, and
none of them patients had received any treatment.

Cell culture and transfection. Human NSCLC A549 and
H1299 cell lines and human normal lung 16HBE cell lines
were obtained from the Chinese Academy of Science Cell
Bank (Shanghai, China), which were cultured in RPMI-1640
medium (Hyclone; GE Healthcare Life Sciences, Logan, UT,
USA) supplemented with 10% fetal bovine serum (Biowest;
VWR International Eurolab S.L., Barcelona, Spain) and 1%
penicillin/streptomycin (Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) at 37°C in 5% CO,. miR-512-5p
mimics, miR-512-5p inhibitor, negative control (NC) miRNA
mimic (AM17110), and NC miRNA inhibitor (AM17010)
were purchased from Ambion; Thermo Fisher Scientific, Inc.
Small interfering (si)RNA against human ETS1 mRNA and
the control siRNA were synthesized by Guangzhou RiboBio
Co., Ltd. (Guangzhou, China). Transfection was performed
with Lipofectamine® 2000 reagent (Invitrogen; Thermo Fisher
Scientific, Inc.), according to the manufacturer's protocol.
After 12-48 h, the subsequent experiments were performed.
Briefly, 3x10° cells were cultured in 6 well plates. Subsequent
to reaching 60-68% confluence, cells were transfected with
miRNA (100 nM) or siRNA (50 nM).

Reverse transcription quantitative polymerase chain reaction
(RT-gPCR) analysis.Intissue and cell, total RN A was extracted
with TRIzol® (Thermo Fisher Scientific, Inc.), and miRNA
was extracted with miRcute miRNA Isolation kit (Tiangen
Biotech, Co., Ltd., Beijing, China). Expression of miR-512-5p
was analyzed by RT-qPCR using the TagMan miR kit (Applied
Biosystems; Thermo Fisher Scientific, Inc.), and expression of
ETS1 mRNA was detected using PrimeScript™ reagent kit
(TAKARA, Japan). U6 and GAPDH was used as the control
for miRNA and mRNA, respectively. Data were acquired
using a HT-7900 TagMan instrument (Applied Biosystems;
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Thermo Fisher Scientific, Inc.). The reaction consisted of a
hot start (10 min at 95°C), followed with 40 cycles of 15 sec
at 95°C and 60 sec at 60°C; the 244 method was used (18).
Each sample was detected in triplicate. The PCR primers for
miR-512-5p were forward, 5-CGoGCGGCACTCAGCCTTG
AGGG-3" and reverse, 5'-GTGCAGGGTCCGAGGT-3'. The
PCR primers for ETSI were forward, 5~ AGCCGACTCTCA
CCATCATC-3' and reverse, 5'-CAAGGCTTGGGACATCAT
TT-3". The PCR primers for U6 were forward, 5'-CTCGCT
TCGGCAGCACA-3' and reverse, 5-"AACGCTTCACGA
ATTTGCGT-3". The PCR primers for GAPDH were forward,
5'-CTTAGATTTGGTCGTATTGG-3' and reverse, 5'-GAA
GATGGTGATGGGATT-3"

Cell proliferation assay. Cell proliferation was detected using a
Cell Counting Kit (CCK)-8 (Dojindo Molecular Technologies,
Inc., Kumamoto, Japan), and the assay was performed
according to the protocol of the manufacturer. Briefly, cells
were cultured in 96-well plates at 5,000 cells/well, and they
were incubated at 37°C for 48 h following transfection. A
total of 10 ul CCK-8 solution per well was added for 2 h, and
then examined. Viable cell numbers were detected at 450 nm
with a Microplate Reader ELx808 (Bio-Tek Instruments, Inc.,
Winooski, VT, USA). Each experiment was performed in
sextuplicate.

To confirm the CCK-8 assay results, a 5-ethynyl-2'-de-
oxyuridine (EdU) assay was also performed to measure cell
proliferation. A total of 1,000 cells/well in a 96-well plate were
serum-starved for 24 h following transfection, and the cells
cultured for a further 24 h. At 2 h prior to cell collection, EQU
was labeled with EdU-labeling reagent (Invitrogen; Thermo
Fisher Scientific, Inc.), which was then detected at a wave-
length of 555 nm with a Click-iT assay kit (C10638; Thermo
Fisher Scientific, Inc.) and images of =4 fields per treatment
condition captured (Leica Microsystems GmbH, Wetzlar,
Germany). The percentage of cells in S phase was determined
using ImageJ software version 1.45 (National Institutes of
Health, Bethesda, MD, USA). Each data point represents the
average percentage of labeled cells among the 4 images.

Cell apoptosis assay. Cell apoptosis was detected by the
fluorescein isothiocyanate (FITC)-Annexin V/propidium
iodide (PI) Apoptosis Detection kit (BD Pharmingen;
BD Biosciences, San Jose, CA, USA) according to the manu-
facturer's protocol. All cells were collected for apoptosis
analysis at 48 h post-transfection. Then, cells were stained for
5 min at room temperature with Annexin V-FITC (5 ml) and
PI (5 ml). Cell apoptosis was analyzed by a flow cytometer
(Beckman Coulter, Inc., Brea, CA, USA). FlowJo version 7.6
(FlowJo LLC, Ashland, OR, USA) was used to calculate the
apoptosis rate. All analyses were performed in triplicate.

Wound healing assay. The cells were seeded with 5x10° into
6-well plates, and the cells were lightly scratched using a
10 pl sterile pipette tip in the central axis of the plate when
the density reached ~70% following transfection. Following
culture for 48 h, cells were imaged with a Nikon Ts2 inverted
microscope, at X200 magnification. The extent of cell migration
was quantified using ImagelJ version 1.46 (National Institutes
of Health). The percentage of wound closure was calculated as
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follows: [(wound area at 0 h-wound area at 24 h)/wound area at
0 h] x100%. A total of 3 replicates were performed.

Transwell assay. The cells were transfected for 12 h, then
placed in the upper Transwell chamber (Corning Incorporated,
Corning, NY, USA) with an insert pre-coated with Matrigel
(BD Biosciences) and incubated for 12 h at 37°C. The chambers
were cultured in 24-well plates, and RPMI-1640 containing
20% FBS was added to lower chamber. Following incuba-
tion for 24 h at 37°C, the cells that had penetrated across the
membranes were fixed with 90% methanol for 10 min at room
temperature, stained with 0.1% crystal violet for 20 min and
counted under an inverted light microscope at x200 magnifi-
cation. A total of 3 replicates were obtained.

Luciferase assay. The A549 and H1299 cells were seeded onto
24-well plates and co-transfected with either 25 nM miR-512-5p
mimics or miR-NC and 200 ng pGL3-ETS1-3'UTR or
pGL3-ETS1-mut-3'UTR using Lipofectamine® 2000 reagent
(Thermo Fisher Scientific, Inc.), and the reporter plasmids
were obtained from Promega Corporation (Madison, WI,
USA). After 36 h, luciferase activity was measured using the
dual luciferase assay system (Promega Corporation). Renilla
luciferase was used to normalize luciferase activity. All
analyses were performed in triplicate.

Target prediction. For bioinformatics analysis, PicTar
(http://pictar.mdc-berlin.de/), miRanda (http://www.microrna.
org) and TargetScan (http:/www.targetscan.org/) were used.

Western blot analysis. Following transfection, cells of 80%
density were lysed using radioimmunoprecipitation assay buffer
(Beyotime Institute of Biotechnology, Haimen, China) containing
a Protease Inhibitor Cocktail (Promega Corporation) for 30 min.
The protein was collected, and the concentrations were measured
using a BCA assay kit (Beyotime Institute of Biotechnology).
Proteins (40 pg) were then separated with 10% SDS-PAGE,
and then transferred onto a polyvinylidene fluoride membrane.
Membranes were blocked at room temperature in 5% non-fat
milk for 1 h, and immunoblotted with anti-caspase-3 (sc-271759),
anti-caspase-7 (sc-365034), anti-B-cell lymphoma-2 (Bcl-2;
sc-130307), anti-Bcl-2-associated X protein (Bax; sc-23959),
anti-matrix metalloproteinase (MMP)-2 (sc-53630), anti-MMP-9
(sc-12759), anti-phosphorylated (p)-p38 mitogen-activated
protein kinase (p-p38 MAPK; sc-7973), anti-p38 MAPK
(sc-81621), anti-p-c-Jun N-terminal kinases (p-JNK; (sc-293138),
anti-JNK (sc-137020), anti-p-extracellular signal-regulated
kinase (p-ERK; sc-81492), anti-ERK (sc-135900), anti-ETS1
(sc-55581) and GAPDH (sc-47724; all Santa Cruz Biotechnology,
Inc., Dallas, TX, USA) antibodies at 4°C overnight; all anti-
bodies were used at a dilution of 1:1,000. The secondary
antibodies against rabbit or mouse IgG (Beyotime Institute of
Biotechnology) were incubated for 2 h at RT. Following washing
of the membranes three times, signals were visualized with
enhanced chemiluminescence (ECL Wuhan Boster Biological
Technology, Ltd., Wuhan, China) and analyzed using ImageJ
version 1.45 (National Institutes of Health).

Statistical analysis. Statistical analysis was performed using
GraphPad software 5.0 (GraphPad Software, Inc., La Jolla,
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CA, USA) and the results are presented as the mean =+ standard
deviation. Differences between two groups were determined
by Student's t-test. Comparisons between multiple group were
performed using one-way analysis of variance with a Scheffe
post-hoc test for subsequent individual group comparisons.
P<0.01 was considered to indicate a statistically significant
difference.

Results

Downregulation of miR-512-5p in NSCLC tissues and
cell lines. To assess the expression levels of miR-512-5p in
NSCLC, the expression level of miR-512-5p was detected in
tumor tissues and adjacent normal tissues from patients with
NSCLC by RT-qPCR. The expression levels of miR-512-5p
were decreased in tumor tissues compared with those in adja-
cent normal tissues (Fig. 1A). NSCLC A549 and H1299 cell
lines exhibited decreased miR-512-5p expression compared
with the normal lung 16HBE cell line (Fig. 1B). To addition-
ally determine the effect of miR-512-5p on NSCLC cell lines,
miR-512-5p and NC mimics were transfected into the cells. As
indicated in Fig. 1C and D, the expression levels of miR-512-5p
were increased following transfection with miR-512-5p mimics
in A549 and H1299 cells.

miR-512-5p suppresses NSCLC cell proliferation and induces
apoptosis in vitro.In the present study, the cell proliferation was
assessed by CCK-8 and EdU assays in A549 and H1299 cells.
Compared with the NC mimics, miR-512-5p mimics exhibited
a significant inhibition of cell proliferation in A549 and H1299
cells (Fig. 2A and B), and the results of EAU assay were coinci-
dent with CCK-8 (Fig. 2C and D). In addition, d total apoptosis
was measured, and it was identified that the apoptosis rate was
increased in miR-512-5p mimic-treated cells (Fig. 3A and B).
Furthermore, proapoptotic proteins (Bcl-2, Bax, caspase-3
and caspase-7) were detected by western blot analysis. The
results indicated that the expression levels of Bax, caspase-3
and caspase-7 were significantly increased, and the expression
levels of Bcl-2 were decreased (Fig. 3C and D). Taken together,
these data revealed that the overexpression of miR-512-5p may
markedly suppress cell proliferation and induced apoptosis in
NSCLC cells.

miR-512-5p inhibits the cell migratory and invasive capacities
in A549 and H1299 cells. The effect of miR-512-5p on cell
migration and invasion in A549 and H1299 cells was detected
by scratch and Transwell assays. miR-512-5p mimic-treated
cells exhibited a significant decrease in their wound-closing
capacities in the scratch assay (Fig. 4A and B), and signifi-
cantly decreased numbers of invading cells in the Transwell
assay (Fig. 4C and D) compared with NC mimic-treated cells
in A549 and H1299 cells. The results of the western blot
analysis demonstrated that the expression levels of MMP-2
and MMP-9 were significantly inhibited in A549 and H1299
cells (Fig. 4E and F).

ETS1 is a target of miR-512-5p. ETS1 is important in regu-
lating cell invasion, metastasis, proliferation and apoptosis,
and the present study identified that ETS] mRNA and protein
levels were decreased following transfection with miR-512-5p
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Figure 1. The result of expression of miR-512-5p in non-small cell lung cancer cell. miR-512-5p was detected in (A) non-small cell lung cancer tissues
and (B) cell lines by RT-qPCR. RT-qPCR analysis was performed to detect miR-512-5p expression following transfection with NC mimics and miR-512-5p
mimics in (C) A549 and (D) H1299 cells. Data are presented as mean + standard deviation. “P<0.01 vs. NC/normal cell lines and tissues. miR, microRNA;
RT-qPCR, reverse transcription quantitative polymerase chain reaction; NC, negative control.
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Figure 2. The effect of miR-512-5p on cell proliferation in A549 and H1299 cells. CCK-8 assay was performed to detected proliferation after transfection with
miR-512-5p mimics at the indicated time points in (A) A549 and (B) H1299 cells. An EdU assay also was used to detected proliferation following transfection
with miR-512-5p mimics for 48 h in (C) A549 and (D) H1299 cells. Data are presented as mean + standard deviation. “P<0.01 vs. NC mimics. miR, microRNA;
NC, negative control; OD, optical density.
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Figure 3. The effect of miR-512-5p on cell apoptosis in A549 and H1299 cells Apoptosis assays were performed following transfection with miR-512-5p mimics
for 48 hin (A) A549 and (B) H1299 cells. Apoptosis proteins (Bcl-2, Bax, caspase-3 and caspase-7) were detected by western blot analysis following transfec-
tion with miR-512-5p mimics in (C) A549 and (D) H1299 cells. Data are presented as mean + standard deviation. “P<0.01 vs. NC mimics. miR, microRNA;
NC, negative control; Bcl-2, B-cell lymphoma-2; Bax, Bcl-2-associated X protein.

mimics in A549 and H1299 cells (Fig. 5A and B). We hypoth-
esized that ETSI was regulated by miR-512-5p in A549 and
H1299 cells, and the ETS1 gene was predicted to have at least
one potential binding site at its 3'-UTR for miR-512-5p. To
validate the interaction between ETS1 and miR-512-5p, lucif-
erase reporter assays were performed using the miR-512-5p
target sequences of wild-type ETS1 and mutated ETS1 in A549

and H1299 cells. The results indicated that overexpression
of miR-512-5p significantly decreased luciferase expression
in wild-type ETS1-3'-UTR transfected cells compared with
control in A549 and H1299 cells, and there was no change in
mutated ETS1-3'-UTR-transfected cells (Fig. 5C and D). These
data revealed that miR-512-5p may regulate ETS1 by directly
binding to the 3'-UTR in A549 and H1299
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MMP, matrix metalloproteinase.

Downregulation of miR-512-5p attenuates the effect of
si-ETS1 on proliferation, invasion, migration and apoptosis of
NSCLC cells. To demonstrate that miR-512-5p affects NSCLC
cells through ETSI, the effect of si-ETSI and si-ETS1 in the
presence of an miR-512-5p inhibitor in NSCLC cells was
investigated. Following transfection of si-ETSI into the cells,
downregulation of ETS1 was confirmed by RT-qPCR and

western blot analysis (Fig. 6A and B). Downregulation of ETS1
inhibited proliferation (Fig. 6C-F), induced apoptosis (Fig. 7)
and migration (Fig. 8) in the A549 and H1299 cells, increased
the expression of Bax, caspase-3 and caspase-7, and decreased
the expression of Bcl-2, MMP-2 and MMP-9. However, the
presence of an miR-512-5p inhibitor reversed the effect of
si-ETS1 on A549 and H1299 cells. These data demonstrated
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were used to detect ETSI following transfection with mimics miR-512-5p in A549 and H1299 cells. Luciferase activity was analyzed following co-transfection
of (C) A549 and (D) H1299 cells with pGL3-ETS1-3'-UTR, pGL3-ETS1-3'-UTR-mut and miR-512-5p or NC mimics. Data are presented as mean + standard devia-
tion. “P<0.01 vs. NC. ETSI, E26 transformation specific-1; miR, microRNA; NC, negative control; UTR, untranslated region; hsa, Homo sapiens; mut, mutant.

that the effects of miR-512-5p on proliferation, invasion,
migration and apoptosis of NSCLC cells may be induced by
regulating ETSI.

Discussion
Increasing evidence indicates that the abnormal expression of

target genes mediated by miRNA is involved in a number of
pathological processes (19). The miRNA coding region is often

located in fragile genomic areas, where gene amplification or
deletion easily occurs in tumors (20). Multiple studies have
also confirmed that a large number of abnormally expressed
miRNA exist in tumor cell lines and tumor tissues, and many
target genes regulated by these miRNA are closely associated
with the development of tumors (21).

miR-512-5p is located at chromosome 19q13.42, which
is processed by miR-512-1 or miR-521-2 (12). From previous
observations and studies, profiling of miRNA expression in
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Figure 6. The effect of knockdown of ETS1 on cell proliferation in A549 and H1299 cells. (A) and (B) The expression of ETS1 was measured by RT-PCR and
western blot analysis following transfection with si-ETS1 or an miR-512-5p inhibitor in the presence of si-ETS1 in A549 and H1299 cells. CCK-8 assays were
performed to detect cell proliferation following transfection with si-ETSI or an miR-512-5p inhibitor in the presence of si-ETSI in (C) A549 and (D) H1299
cells. EAU assays were performed to detect cell proliferation following transfection with si-ETS1 or an miR-512-5p inhibitor in the presence of si-ETS1
in (E) A549 and (F) H1299 cells. Data are presented as mean + standard deviation. “P<0.01 vs. NC; #P<0.01 vs. si-ETS1. ETS1, E26 transformation specific-1;

miR, microRNA; NC, negative control; si, small interfering; inh, inhibitor.

357 patients with stage I NSCLC identified miR-512 as an
indicator of good prognosis (12). miR-152-5p induced apop-
tosis and inhibited glycolysis in NSCLC by targeting p21 (13).
Overexpression of miR-512-5p suppressed tumor growth by
regulating telomerase reverse transcriptase in head and neck
squamous cell carcinoma in vitro and in vivo (22).

In the present study, the results indicated that miR-512-5p
was downregulated in NSCLC tissues and cells compared
with normal controls. Furthermore, the effects of miR-512-5p

on NSCLC cell proliferation, apoptosis, migratory and
invasive capabilities was assessed in vitro, and it was
identified that miR-512-5p overexpression decreased the
proliferative, migratory and invasive abilities, and induced
apoptosis. Chu er al (13) demonstrated that miR-512-5p
induced apoptosis in NSCLC cells, similar to the data from
the present study. The present study identified that miR-512-5p
may inhibit cell migratory and invasive abilities in NSCLC
cells, but Chu er al (13) did not investigate these factors. They
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Figure 7. The effect of knockdown of ETS1 on cell apoptosis in A549 and H1299 cells. Apoptosis assays were performed following transfection with si-ETS1 or
an miR-512-5p inhibitor in the presence of si-ETS1 for 48 h in (A) A549 and (B) H1299 cells. Relative apoptosis proteins (Bcl-2, Bax, caspase-3, and caspase-7)
were detected by western blot analysis following transfection with si-ETS1 or an miR-512-5p inhibitor in the presence of si-ETS1 in (C) A549 and (D) H1299
cells. Data are presented as mean + standard deviation. “P<0.01 vs. NC; #"P<0.01 vs. si-ETS1. ETS1, E26 transformation specific-1; si, small interfering;
miR, microRNA; NC, negative control; Bcl-2, B-cell lymphoma-2; Bax, Bcl-2-associated X protein; inh, inhibitor.

demonstrated that miR-512-5p overexpression had no effect
on cell proliferation by CCK-8 assay, conflicting with the data
from the present study. However, the results from the present
study suggested that miR-512-5p overexpression decreased
proliferation, using an EdU assay. The differences between the
data from the present study and those from Chu et al (13) may
be due to factors including detection methods and errors. The
expression and regulation of the Bcl-2 and caspase families are
key factors affecting cell apoptosis (23,24). MMPs promote the
invasion of cancer cells to surrounding tissues by degradation
of the extracellular matrix (25). The results from the present
study indicated that miR-512-5p overexpression significantly
increased expression of Bax, caspase-3 and caspase-9, and

decreased expression of Bcl-2, MMP-2 and MMP-9 in NSCLC
cells. The data from Chu ef al (13) indicated that miR-512-5p
overexpression induced NSCLC cells apoptosis by regulating
p21. Those results and the results from the present study indi-
cated that multiple signaling pathways participate in NSCLC
cell apoptosis of miR-512-5p-regulation. Chu et al (13) also
revealed that miR-512-5p inhibited glycolysis in A549 and
H1299 cell lines; this was not investigated in the present study.
The data from the present study revealed miR-512-5p serves as
a tumor Suppressor.

ETSI is highly expressed in a variety of malignant tumors.
It participates in cell invasion, metastasis, proliferation and
apoptosis by regulating the expression of a variety of genes,
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Figure 8. The effect of knockdown of ETSI on cell migration and invasion in A549 and H1299 cells. Cell migration was detected by wound healing assay
following transfection with si-ETS1 or an miR-512-5p inhibitor in the presence of si-ETS1 in (A) A549 and (B) H1299 cells. Cell invasion was detected
by Transwell assay following transfection with si-ETS1 or an miR-512-5p inhibitor in the presence of si-ETSI in (C) A549 and (D) H1299 cells. MMP-2
and MMP-9 were detected by western blot analysis following transfection with si-ETSI or an miR-512-5p inhibitor in the presence of si-ETS1 in (E) A549
and (F) H1299 cells. Data are presented as mean + standard deviation. “P<0.01 vs. NC; #P<0.01 vs. si-ETS1. ETS1, E26 transformation specific-1; si, small
interfering; miR, microRNA; NC, negative control; MMP, matrix metalloproteinase; inh, inhibitor.

including MMPs, Bcl-2 and Bax (26-28). The results of the
RT-gPCR and western blot analysis suggested that ETS1 was
overexpressed in NSCLC cells, and miR-512-5p may decrease
the expression of ETSI1. Target prediction analysis additionally
indicated that miR-512-5p may target ETSI. The prediction
was confirmed by luciferase assays, and the results indicated
that miR-512-5p directly targeted ETS1 mRNA and inhib-
ited its translation. Following transfection of the cells with
si-ETS1, it was identified that the results were concomitant

with the miR-512-5p overexpression data, and in the presence
of si-ETS1, an miR-512-5p inhibitor rescued the effect of
si-ETS1 in NSCLC cells.

Taken together, the present study demonstrated that
miR-512-5p is significantly downregulated in NSCLC tissues
and cells, and may regulate ETS1 expression to affect NSCLC
cell proliferation, migration, invasion and apoptosis. These
data suggest that miR-512-5p may become a potential prog-
nostic marker and/or therapeutic target in NSCLC.
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