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Abstract: Lung cancer has the highest morbidity and mortality in the world, and non-small
cell lung carcinomas (NSCLC) account for 80% of cases of lung cancer. The mechanism of
NSCLC is still largely unknown, and finding novel targets is of great importance for the treatment
of NSCLC. The current study was designed to evaluate the role of miR-148a in NSCLC cell
proliferation and invasion and to investigate the possible molecular mechanisms. We found that
miR-148a expression was decreased in NSCLC tissues and cell lines. Upregulation of miR-148a
significantly decreased A549 cell proliferation, and downregulation of miR-148a significantly
increased A549 cell proliferation. Upregulation of miR-148a markedly increased apoptotic cell
death and inhibited cell invasion potential. Upregulation of miR-148a significantly decreased
signal transducer and activator of transcription 3 (STAT3) expression and 3’-untranslated region
luciferase activity. Downregulation of miR-148a significantly increased STAT3 expression.
Overexpression of STAT3 significantly inhibited the effect of miR-148a on cell viability and
invasion potential. In conclusion, we found that miR-148a inhibited NSCLC cell proliferation
and invasion potential through the inhibition of STAT3. Our findings highlight miR-148a/
STATS3 axis as a novel therapeutic target for the inhibition of NSCLC growth.
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Introduction

It is well known that lung cancer has the highest morbidity and mortality in the world.!?
It has been reported that lung cancer resulted in 160,000 deaths in the United States
in 2014, which accounted for 20% of all cancer-caused deaths.* Among those, ~80%
of lung cancers are classified as non-small cell lung carcinomas (NSCLC) with a
fairly low survival rate (5-year survival rate is less than 15%).*>* Adenocarcinoma and
squamous cell carcinoma are the main types of NSCLC.° Despite great breakthrough
in the development of therapeutic techniques, patients with advanced NSCLC have a
poor prognosis, and the 5-year survival rate of patients with NSCLC remains poor.”*
The mechanism of NSCLC is still largely unknown, and finding novel targets is of
great importance for the treatment of NSCLC.’

MicroRNAs (miRNAs or miRs) are a class of small non-coding RNAs
(20-24 nucleotides) that have been implicated in various biological processes and
diseases.!®!! miRNAs function to modulate protein expression through mRNA desta-
bilization and degradation via directly binding the 3’-untranslated region of the target
mRNA.'>13 One-third of all mammalian genes have been estimated to be directly or
indirectly regulated by miRNAs. It is reported that miRNAs play a role in the regulation
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of cell growth, proliferation, apoptosis, differentiation,
migration, metabolism, etc.' In particular, dysregulation of
miRNAs is believed to function as an important regulator
in the pathogenesis of various types of tumors.'>!¢ Investi-
gation of miRNAs in the development of tumor is useful
for diagnosis and therapy of cancer.!” Numerous miRNAs
have been found to be dysregulated under the pathological
condition of NSCLC.'#! Recently, studies have found that
miR-148a functions to suppress NSCLC.?22 However, the
mechanism underlying the inhibitory effect of miR-148a on
NSCLC is still not completely known.

The present study was designed to investigate the
mechanism underlying the antitumor effect of miR-148a
in NSCLC. We found that miR-148a expression was
decreased in NSCLC tissues and cell lines and functioned
to suppress NSCLC cell proliferation and invasion through
inhibition of signal transducer and activator of transcription
3 (STAT3).

Materials and methods

Chemicals and materials

[B-actin was purchased from Santa Cruz Biotechnology Inc.
(Santa Cruz). Bax, Bcl-2, STAT3, E-cadherin, and Snail
antibodies were obtained from Cell Signaling Technology
(CST; Danvers, MA, USA). All of the other chemicals used
were of the highest grade available commercially.

Ethics statement and clinical specimens
The study was approved by the Ethical Review Committee
of Shanxi Provincial People’s Hospital and complied with
the Declaration of Helsinki. Twenty-one cases of NSCLC
were retrieved from the Pathology Archive of Shanxi
Provincial People’s Hospital in 2015. All patients provided
their written informed consent. The NSCLC was diagnosed
by two independent pathologists according to the World
Health Organization classification. Clinical specimens
were collected when the surgery was conducted in patients
who had not received any chemotherapy or radiotherapy
before surgery.

Cell culture

Normal human bronchial epithelial (HBE) and NSCLC cell
lines (A549, H1299, H1650, and H460) were purchased
from the American Type Culture Collection (Manassas,
VA, USA). Cells were cultured in RPMI-1640 medium
supplemented with 10% fetal bovine serum, 100 pug/mL
streptomycin, and 100 U/mL penicillin in an incubator with
5% CO, at 37°C.

Cell transfection

miR-148a mimics, miR-148a inhibitors (anti-miR-148a), and
negative controls were synthesized by GeneBioPharma Com-
pany (Shanghai, People’s Republic of China). The STAT3
plasmid and empty vectors were purchased from Santa Cruz
Biotechnology Inc. (Santa Cruz). Transient transfection was
performed using Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA) according to the manufacturer’s protocols.

RNA isolation and real-time polymerase
chain reaction (PCR)

Total RNA was isolated using Trizol reagent (Invitrogen).
Total RNA of 500 ng was reversely transcribed using a
commercial kit according to the manufacturer’s instructions
(Takara, Tokyo, Japan). One microliter of cDNA was used
for the performance of real-time PCR with SYBR Green PCR
kit (Thermo Scientific, IL, USA). The PCR reaction condi-
tions were as follows: initial denaturation at 95°C for 10 min
followed by 30 cycles at 95°C for 1 min, annealing at 53°C
for 1 min, extension at 72°C for 1 min, and final extension
at 72°C for 5 min. The PCR was conducted using a CFX96
real-time PCR system (BioRad, Hercules, CA, USA). B-actin
and U6 small nuclear RNAs were used as internal controls.
Results were expressed as folds of control.

Cell proliferation

Cell Counting Kit-8 assay kit was used to determine cell
proliferation according to the manufacturer’s protocols.
Absorbance at 450 nm was measured using a microplate
reader (BioRad).

Luciferase reporter assay

Cells were seeded in 24-well plates and then co-transfected
with miR-148a mimics or negative control and the mutant
or wild type 3’'UTR of STAT3 using Lipofectamine 2000.
Forty-eight hours after the transfection, cells were collected,
and then relative luciferase activity was measured using the
Dual Luciferase Reporter Assay System (Promega, Madison,
WI, USA) according to the manufacturer’s protocols.

Western blot

Cells were lysed using RIPA lysis buffer (Thermo Scientific),
and proteins were extracted. Protein concentration was
determined by bicinchoninic acid (BCA) assay (Thermo Sci-
entific). Twenty micrograms of protein was loaded and sepa-
rated with 10% sodium dodecyl sulfate polyacrylamide gel
electrophoresis. After separation, proteins were transferred
onto PVDF membrane (Millipore, MA, USA), and then
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blocked using 8% nonfat milk. Membranes were incubated
overnight at 4°C with primary antibodies (B-actin: Santa
Cruz, 1:1000; STAT3: CST, 1:1000; Bax: CST, 1:1000;
Bcl-2: CST, 1:1000; E-cadherin: CST, 1:1000; Snail: CST,
1:1000). After four-time washing, the membranes were incu-
bated with a horseradish peroxidase-conjugated secondary
antibody (Thermo Scientific) at 37°C for 30 min. Protein
bands were visualized with the enhanced chemiluminescence
and captured using BioRad Imaging Systems (BioRad).

Apoptosis

After the treatment, cells were collected and apoptosis was
determined using TdT-mediated dUTP nick end labeling
(TUNEL) assay kit (Roche, Basel, Switzerland) according to
the manufacturer’s protocols. Percentage of apoptotic cells
were analyzed using flow cytometry. Results were shown
as folds of control.

Caspase-3 and caspase-9 activities

After the treatment, cells were collected and pellets were
suspended in chilled cell lysis buffer. Colorimetric assay kits
were used to analyze the activities of caspase-3 and caspase-9
(BioVision, Milpitas, CA, USA). In brief, cytosolic protein
from the cells was extracted and protein concentration was
determined by BCA assay (Thermo Scientific). In each
assay, 50 UL cell lysis buffer containing 50-200 g protein
was used. At the end, absorbance at 405 nm was measured
using a microplate reader (BioRad).

Statistical analysis
The data were shown as the mean + SEM, and data analysis
was performed using SPSS 16.0 software (Chicago, IL).
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Significance between more than two groups was analyzed
using one-way analysis of variance. Significance of differences
between two groups was analyzed by Student’s z-test.
P<0.05 was considered to be statistically significant.

Results
miR-148a reduced in NSCLC tissues

and cell lines

To confirm the expression pattern of miR-148a in NSCLC,
we first assessed the expression of miR-148a in NSCLC
tissues and cell lines. As shown in Figure 1A, miR-148a
expression was reduced in samples of NSCLC tissues,
compared with that in the corresponding adjacent normal
lung tissues. In addition, in all the NSCLC cell lines, includ-
ing A549, H1299, H1650, and H460 cell lines, miR-148a
expression was markedly lower than that in the HBE cell
line (Figure 1B).

miR-148a reduced cell proliferation
in A549 cells

In order to evaluate the role of miR-148a in the growth of
NSCLC, the effect of upregulation and downregulation of
miR-148a on cell proliferation in A549 cells was examined.
A549 cells were transfected with miR-148a mimic or inhibitor
and then real-time PCR was conducted to detect the miR-148a
expression. In Figure 2A, the results showed that transfection
of miR-148a mimic induced a significant increase in miR-148a
expression. Upregulation of miR-148a expression significantly
suppressed A549 cell proliferation (Figure 2B). In Figure 2C,
the results showed that transfection of miR-148a inhibitor
induced a significant decrease in miR-148a expression. Down-
regulation of miR-148a expression significantly increased
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Figure | Relative expression of miR-148a in non-small cell lung cancer tissues and cell lines.

Notes: (A) miR-148a mRNA expression in NSCLC tumor tissues and adjacent normal lung tissues was determined and results were shown as folds of control. (B) miR-148a
expression in HBE cell line and NSCLC cell lines (A549, H1299, H1650, and H460) was determined and results were shown as folds of control. *P<<0.05.

Abbreviations: HBE, human bronchial epithelial; NSCLC, non-small cell lung carcinomas.
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Figure 2 miR-148a reduced cell proliferation in A549 cells.

72 h

Notes: A549 cells were transfected with miR-148a plasmid (A, B) or miR-148a inhibitor (C, D). (A, C) Relative expression of miR-148a after the transfection of A549
cells with miR-148a mimic or inhibitor. (B, D) Effect of miR-148a mimic or inhibitor on cell proliferation in A549 cells was detected by Cell Counting Kit-8 assay. *P<<0.05,

compared with that of representative control.

A549 cell proliferation (Figure 2D). The results demonstrated
that miR-148a reduced cell proliferation in A549 cells.

miR-148a promoted apoptosis in

A549 cells

Role of miR-148a in apoptotic cell death was evaluated in
A549 cells. In Figure 3A-D, we showed that transfection of
miR-148a mimic significantly increased the mRNA and protein
expression of Bax and decreased the mRNA and protein expres-
sion of Bcl-2. Moreover, miR-148a mimic notably increased
the activities of caspases 3 and 9 (Figure 3E, F). The percent-
age of TUNEL-positive cells in A549 cells was significantly
increased by upregulation of miR-148a (Figure 3G, H). The
results indicated that miR-148a promoted apoptosis, which may
contribute to the decrease of cell proliferation in A549 cells.

miR-148a decreased the invasion
potential in A549 cells

The effect of miR-148a on invasion potential in A549 cells
was examined. As shown in Figure 4A-D, the expression
of N-cadherin, vimentin, and Snail was notably reduced

by miR-148a mimic. The expression of E-cadherin was
markedly increased by miR-148a mimic. The results indi-
cated that miR-148a exhibited an inhibitory effect against
invasion potential in A549 cells.

Downregulation of STAT3 required
for miR-148a-induced inhibition of cell

proliferation and invasion in A549 cells
Previous literature has reported that STAT3 is a potential target
of miR-148a in gastric tumor.? In the current study, we also
examined whether regulation of STAT3 was involved in the
effect of miR-148a on cell proliferation and invasion in A549
cells. We showed that miR-148a mimic significantly decreased
the mRNA and protein expression of STAT3 (Figure 5A, B).
miR-148a mimic markedly decreased the luciferase activity
of 3’-untranslated region of STAT3 (Figure 5C). miR-148a
inhibitor notably increased the mRNA and protein expression of
STATS3 (Figure 5D, E). The results indicated that STAT3 may
play a role in the regulation of proliferation and invasion.

To further confirm the extract role of STAT3, we trans-
fected cells with plasmid carrying STAT3. The results
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Figure 3 miR-148a promoted apoptosis in A549 cells.

Notes: A549 cells were transfected with miR-148a mimic. (A, B) Relative expression of Bax was examined using real-time PCR and Western blot. (C, D) Relative expression
of Bcl-2 was examined using real-time PCR and Western blot. (E, F) Activities of caspases 3 and 9 were determined using commercial assay kits. (G, H) TdT-mediated dUTP

nick end labeling was used to measure apoptotic cell death and results were shown as folds of control. ¥*P<<0.05, compared with that of control.
Abbreviations: Pl, population |; PCR, polymerase chain reaction.

OncoTargets and Therapy 2017:10

submit your manuscript

Dove

T L]
Empty miR-148a mimic


www.dovepress.com
www.dovepress.com
www.dovepress.com

He and Xue Dove
A B
1.5+ 44
& 5 T
® c 5 31 -
@ T Q- [— ® =
o 9o ' [ )
1S 1
o< o<
X O X O
o ® o © 21
o ? (] ?
2 Z 054 2 u
e b E
&5 * T 6 14
) I———l [}
14 14
00 L L 0 LJ Ll
Empty miR-148a mimic Empty miR-148a mimic
C D
1.5 1.59
c c
2 )
0 0
8.E 10 [ S _ 101 I
o5 109 ="
g S g ®
x 2 X £
o £ owm
o O =
> : 0.5+ % > ° 0.51
s o Y = .
o I KL =
(] (]
(14 14 | |
0.0 r T 0.0 T T
Empty miR-148a mimic Empty miR-148a mimic

Figure 4 miR-148a decreased the invasion potential in A549 cells.

Notes: A549 cells were transfected with miR-148a mimic. Relative expression of N-cadherin (A), E-cadherin (B), vimentin (C), and Snail (D) was examined using real-time

polymerase chain reaction. *P<<0.05, compared with that of control.

showed that overexpression of STAT3 significantly inhibited
miR-148a mimic-induced decrease of cell proliferation
(Figure 6A), increase of apoptosis (Figure 6B) and E-cadherin
expression (Figure 6C, E), and decrease of Snail expression
(Figure 6D, E). The results indicated that downregulation of
STAT3 was involved in miR-148a mimic-induced effect on
cell proliferation and invasion potential in A549 cells.

Discussion

In the present study, we investigated the role of miR-148a in
NSCLC cell proliferation and invasion potential and clarified
the possible molecular mechanisms. Previous literature has
shown that miR-148a functions to regulate the growth of
several types of tumors.** For example, Xu et al found that
miR-148a functioned to suppress metastasis and served as a
prognostic indicator in triple-negative breast cancer.? Down-
regulation of miR-148a was significantly associated with
shorter overall survival of gastric cancer patients.” In con-
trast, decreased expression of miR-148a was found to predict
poor prognosis in ovarian cancer and to be associated with
tumor growth and metastasis.’® miR-148a was reported to
serve as predictive biomarker for early diagnosis of laryngeal

carcinoma.?” Huang reported that circulating miR-148a
expression level in plasma samples of NSCLC patients was
decreased.”® Yang et al believed that miR-148a could func-
tion as a novel biomarkers in NSCLC screening.” Moreover,
Joshi et al found that miR-148a reduced tumorigenesis and
increased TNF-related apoptosis-inducing ligand-induced
apoptosis in NSCLC.* These literatures suggest a potent role
of miR-148a in the development of NSCLC. However, the
exact role and molecular mechanism of miR-148a-induced
regulation of NSCLC is far from completely understood.
In the current study, we found that miR-148a expression
was decreased in NSCLC tissues and cell lines. Moreover,
we showed that upregulation of miR-148a expression
decreased cell proliferation in A549 cells and downregula-
tion of miR-148a expression showed an opposite effect.
Furthermore, upregulation of miR-148a expression activated
apoptotic pathway and promoted apoptosis. The results dem-
onstrated that miR-148a inhibited A549 cell proliferation and
downregulation of miR-148a may be required for the devel-
opment of NSCLC. Furthermore, the effect of miR-148a on
invasion potential was evaluated. The results suggested that
miR-148a inhibited invasion potential in A549 cells since
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*P<0.05, compared with that of representative control.

Abbreviations: MUT, mutant; STATS3, signal transducer and activator of transcription 3; WT, wild type.

upregulation of miR-148a decreased N-cadherin, vimentin,

and Snail expression and increased E-cadherin.

In the next step, we examined the potential targets that
mediated the antitumor effect of miR-148a in NSCLC.
The STAT signaling pathway is one of the most important

intracellular signaling networks.?! As one of the family

members of STATs, STAT3 transduces signals from
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activated receptors or intracellular kinases to the nucleus,
thus activating and regulating gene transcription.’*? In
response to interleukin-6 signal, STAT3 could be activated
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Figure 6 Upregulation of STAT3 inhibited miR-148a mimic-induced inhibition of cell proliferation and invasion in A549 cells.

Notes: A549 cells were co-transfected with miR-148a mimic and plasmid carrying STAT3. (A) Cell proliferation was detected by CCK-8 assay. (B) Apoptosis was evaluated
by TUNEL assay. mRNA expression of E-cadherin (C) and Snail (D) was examined using real-time PCR. Protein expression of E-cadherin and Snail (E) was examined using
Western blot. *P<<0.05, compared with that of control. ¥P<<0.05, compared with that of miR-148a mimic.

Abbreviations: CCK-8, Cell Counting Kit-8; PCR, polymerase chain reaction; OD, optical density; STAT3, signal transducer and activator of transcription 3; TUNEL, TdT-

mediated dUTP nick end labeling.

and is involved in various types of pathological conditions.
STATS3 plays important roles in various types of cancer.****
Yu et al found that activated STAT3 was correlated with
prognosis of NSCLC.*¢ Disruption of STAT3 by niclosamide
reversed radioresistance of human lung cancer.’” Suppres-
sion of JAK/STAT3 was found to exert antitumor activity
in NSCLC.*® Moreover, miR-148a was identified to function
as a tumor suppressor via inactivating STAT3 in human
gastric cancer.?

In the present study, we also examined the role of
STAT3 in the antitumor effect of miR-148a in NSCLC. We
showed that STAT3 was a target of miR-148a in A549 cells.
Upregulation of STAT3 significantly suppressed the effect
of miR-148a on cell proliferation and invasion potential. The
results indicated that downregulation of STAT3 was required
for miR-148a-induced inhibition of cell proliferation and
invasion potential in A549 cells.

In conclusion, we found that miR-148a inhibited NSCLC
cell proliferation and invasion potential through inhibition
of STAT3. Our findings identify miR-148a/STAT3 axis
as a novel therapeutic target for the inhibition of NSCLC
growth.
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