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miR-448 promotes progression of non-small-cell
lung cancer via targeting SIRT1
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Abstract. Deregulation of microRNAs (miRs) has been
demonstrated to be involved in both the initiation and the
development of non-small-cell lung cancer (NSCLC). miR-448
has been identified as a tumor suppressor in several cancer
types. The aim of the present study was to explore the role of
miR-448 in NSCLC. Tumor tissues and paired normal tissues
were obtained from patients with NSCLC. The viability and
migration of A549 cells were determined by the Cell Counting
kit-8 and wound-healing assays, respectively. Gene and protein
levels were detected by reverse transcription-quantitative
polymerase chain reaction analysis and western blotting,
respectively. The interaction between the 3' untranslated region
of sirtuinl (SIRT1) and miR-448 was predicted by TargetScan
and verified by dual luciferase reporter assay. miR-448 levels
were revealed to be decreased whereas SIRT1 levels were
increased in NSCLC tissues compared with normal tissues.
Pearson's correlation analysis demonstrated that there was
a negative correlation between miR-448 and SIRT1 mRNA
levels. Overexpression of miR-448 led to reduced growth and
migration ability of A549 cells. In addition, overexpression
of miR-448 decreased SIRT1 mRNA and protein levels,
thereby inhibiting epithelial-mesenchymal transition (EMT)
and affecting EMT-associated molecules, including vimentin
and E-cadherin. Dual luciferase reporter assay confirmed that
SIRT1 was a direct target of miR-448. Notably, activation
of SIRT1 by resveratrol treatment partially reversed the cell
growth inhibition induced by miR-448 mimics. These findings
suggested that the progression of NSCLC may be controlled
by miR-448, which appears to hold promise as a therapeutic
target for patients with NSCLC.
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Introduction

Lung cancer is one of the most lethal types of cancer, accounting
for ~18% of cancer-associated mortalities worldwide (1). Lung
cancer is divided into two major subtypes, namely small-cell lung
cancer and non-small-cell lung cancer (NSCLC) (2). NSCLC
accounts for >80% of all lung cancer cases and its prognosis
is relatively poor due to its highly aggressive nature (3,4). It is
crucial to elucidate the precise molecular mechanisms under-
lying NSCLC progression in order to identify novel biomarkers
and therapeutic targets for the treatment of patients with NSCLC.

microRNAs (miRNAs or miRs) are small, non-coding,
single-stranded RNA molecules that are involved in the regula-
tion of gene expression in eukaryotes (5). miRNA deregulation
is frequently observed in human diseases, including different
types of cancer (6,7). During cancer initiation and progression,
miRNAs serve an important role through downregulation of
oncogenes and/or tumor suppressors, thereby affecting tumor
cell proliferation, metastasis and apoptosis (8-10). In NSCLC,
several miRNAs have been found to be deregulated and demon-
strated to promote cancer progression or drug resistance via
repression of target genes (11,12). The expression of several of
those miRNAs in tumor tissues, plasma and exosomes has been
considered a promising diagnostic and therapeutic biomarker
for patients with NSCLC (13). miR-448 has been identified as a
tumor suppressor in several cancer types, including breast, hepa-
tocellular and colorectal cancer (14-16). A recent study reported
that low expression of miR-448 predicted poor prognosis of
lung squamous cell carcinoma (SCC), a subtype of NSCLC,
and it suppressed SCC cell proliferation and metastasis via
targeting DCLK1 (17).

Silent mating-type information regulation 2 homologue 1
(sirtuinl; SIRT1) is a member of the sirtuin family that acts
as an NAD-dependent protein deacetylase (18). Through
regulating the acetylation level of target proteins, such as
p53, SIRT1 participates in a number of cellular events that
are implicated in cancer progression (19,20). Accumulating
evidence indicates that overexpression of SIRT1 promotes
cancer progression, including hepatocellular carcinoma and
breast cancer (21,22). In NSCLC, overexpression of SIRT1
has been associated with poor prognosis (23). However, the
regulatory mechanism of SIRT1 in NSCLC remains unknown.

In the present study, a significant reduction of miR-448
levels and elevation of SIRT1 mRNA levels were observed in
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tumor samples from patients with NSCLC. In vitro experiments
demonstrated that enhanced expression of miR-448 inhibited
the proliferation and migration of A549 cells. Additionally,
overexpression of miR-448 decreased SIRT1 mRNA and
protein levels, thus inhibiting epithelial-mesenchymal
transition (EMT). Activation of SIRTI1 partially rescued
miR-448-induced cell growth arrest. The findings of the
present study suggest a pivotal role for miR-448 in the
inhibition of NSCLC progression via targeting SIRT1.

Materials and methods

Clinical specimens. Tumor tissues and adjacent normal tissues
were collected from 25 patients (17 males and 8 females; aged
35-65 years) with NSCLC undergoing surgery at Changyi
People's Hospital (Weifang, China) between September 2, 2014
and May 4, 2016. None of the patients received chemotherapy
or radiotherapy prior to surgery. Written informed consent was
obtained from all participants and the clinical experiments
were approved by the Ethics Committee of Changyi People's
Hospital. All specimens were immediately stored at -80°C
until use in subsequent experiments.

Cell lines and reagents. 293T cells and the human NSCLC
cell line A549 were purchased from American Type Culture
Collection (Manassas, VA, USA) and used within 6 months.
A549 cells and 293T cells were cultured in Dulbecco's modi-
fied Eagle's medium (DMEM,; Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) supplemented with 10% fetal bovine
serum (FBS; Gibco; Thermo Fisher Scientific) in a 37°C incu-
bator with 5% CO,.

miR-negative control (NC) mimics and miR-448
mimics were purchased from Shanghai GenePharma Co.,
Ltd. (Shanghai, China). The sequences were as follows:
miR-NC mimics, 5-UCGCUUGGUGCAGGUCGGGAA-3";
miR-448 mimics, 5'-UUGCAUAUGUAGGAUGUCCCA
U-3'. Transfection of 50 nM miR-NC mimics or miR-448
mimics was performed with Lipofectamine 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
protocol. After 48 h, cells were subjected to experiments.

Resveratrol was obtained from Sigma-Aldrich; Merck
KGaA (Darmstadt, Germany) and dissolved in dimethyl
sulfoxide to a concentration of 50 mM for storage. For the resve-
ratrol + miR-448 mimics group, cells were firstly transfected
with 50 nM miR-448 mimics using Lipofectamine 2000, then
resveratrol was diluted and added into the culture medium at
a final concentration of 20 uM for SIRT1 activation for 48 h
at 37°C. The DMSO + miR-448 mimics and DMSO + miR-NC
mimics group was transfected with 50 nM miR-448 mimics
miR-NC mimics using Lipofectamine 2000 followed by treat-
ment with 20 xM DMSO for 48 h at 37°C.

Western blotting. Whole proteins were extracted from A549 cells
using radioimmunoprecipitation assay lysis buffer (Beyotime
Institute of Biotechnology, Haimen, China). Pierce BCA Protein
Assay kit (Pierce; Thermo Fisher Scientific, Inc.) was used to
determine the concentration of lysates according to the manufac-
turer's protocol. In brief, 20 ug protein lysates were loaded into
each lane of 8% gels, separated by SDS-PAGE for 30 min and
transferred onto polyvinylidene fluoride (PVDF) membranes.
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The PVDF membranes were blocked with 5% non-fat milk
for 1 h at room temperature and incubated with the indicated
primary antibodies overnight at 4°C. On the next day, the PVDF
membranes were incubated with the secondary antibodies for
1 h at room temperature and developed with enhanced chemi-
luminescence substrate (EMD Millipore, Billerica, MA, USA).
Antibodies against SIRT1 (cat. no. 8469), vimentin (cat. no. 5741)
and E-cadherin (cat. no. 14472; all 1:1,000) were supplied by Cell
Signaling Technology, Inc. (Danvers, MA, USA). Antibodies
against GAPDH (cat. no. G8795; 1:5,000) were purchased from
Sigma-Aldrich; Merck KGaA. Horseradish peroxidase-conju-
gated anti-mouse (cat. no. SAO000I-1) and anti-rabbit (cat.
no. SA00001-2; both 1:10,000) secondary antibodies were
purchased from ProteinTech Group, Inc. (Chicago, IL, USA).
Images were captured with ImageQuant300 (GE Healthcare,
Chicago, IL) and analyzed using ImageJ software (version 1.8.0;
National Institutes of Health, Bethesda, MD, USA).

Reverse transcription-quantitative polymerase chain
reaction (RT-gPCR). Total RNA was extracted from A549
cells, as well as NSCLC tissues and adjacent normal tissues
using TRIzol® Reagent (Invitrogen; Thermo Fisher Scientific,
Inc.). The concentration of RNA was measured with
NanoDrop™ 2000 (Thermo Fisher Scientific, Inc.).

To measure miR-448 levels, RNA was reverse-transcribed
into cDNA using a TagMan MicroRNA Reverse Transcription
kit (Thermo Fisher Scientific, Inc.). RT-PCR was performed
using a TagMan MicroRNA Assay kit (Thermo Fisher Scientific,
Inc.) on the CFX-96 module (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA). U6 served as an internal control for
miR-448 expression. For the detection of SIRT1, vimentin and
E-cadherin mRNA levels, RNA was reverse-transcribed into
cDNA using PrimeScript RT Master Mix (Takara Bio, Inc.,
Otsu, Japan). GAPDH served as an internal control. The thermo-
cycling conditions for mRNA and miRNA analyses were:
Pre-denaturing at 95°C for 30 sec, and 35 cycles of denaturing
at 95°C for 10 sec, annealing and elongation at 60°C for 10 sec.
The relative expression of gene was calculated using the 244
method (24). The primer sequences were: Stem loop: 5'-CTC
AACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGATG
GGA-3"; miR-448-forward, 5"“TCGGCAGGTTGCATATG
TAGGA-3' and reverse, 5'-CTCAACTGGTGTCGTGGA-3"; U6
forward, 5'-CTCGCTTCGGCAGCACA-3' and reverse, 5-AAC
GCTTCACGAATTTGCGT-3'; Vimentin forward, 5-GACGCC
ATCAACACCGAGTT-3' and reverse, 5S'-CTTTGTCGTTGG
TTAGCTGGT-3"; E-cadherin-forward, 5-CGAGAGCTACAC
GTTCACGG-3' and reverse, 5-GGGTGTCGAGGGAAAAAT
AGG-3'; SIRT1 forward, 5"“TAGCCTTGTCAGATAAGGAAG
GA-3' and SIRT1 reverse, 5S-"ACAGCTTCACAGTCAACTTTG
T-3'; GAPDH forward, 5'-CCTGCACCACCAACTGCTTA-3'
and reverse, 5-GGCCATCCACAGTCTTCTGAG-3'.

Dual luciferase reporter assay. To further investigate
whether miR-448 directly regulates SIRT1 expression
in A549 cells, the online bioinformatics tool TargetScan
(www.targetscan.org) was used to predict miR-448 potential
binding sites in SIRT1. The 3' untranslated region (UTR) of
SIRT1 mRNA was amplified from cDNA of 293T cells and
ligated into the pGL3 plasmid (Promega Corporation, Madison,
WI, USA) to construct pGL3-SIRT1-3'UTR-wild-type (WT).
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Figure 1. Aberrant expression of miR-448 and SIRT1 in tumor tissues from patients with NSCLC. (A) Compared with adjacent normal tissues, miR-448
expression was decreased in tumor tissues from patients with NSCLC. (B) Compared with normal tissues, SIRT1 mRNA levels were elevated in tumor
tissues from patients with NSCLC. (C) Expression of miR-448 was negatively correlated with SIRT1 expression in tumor tissues from patients with NSCLC.

ok

pGL3-SIRT1-3'UTR-mutant (Mut) was obtained by introducing
2 site mutations into miR-448 potential binding sites using a
Quicksite mutation kit (Agilent Technologies, Inc., Santa Clara,
CA,USA).pGL3-SIRT1-3'UTR-WTorpGL3-SIRT1-3'UTR-Mut
was co-transfected with Renilla plasmid into A549 cells using
Lipofectamine 2000, followed by transfection of miR-NC
mimics or miR-448 mimics. Following 48 h, a Dual Luciferase
Reporter Assay system (Promega Corporation) was used to
measure the relative luciferase activity of each well. In each
group, firefly luciferase activity was normalized to Renilla
luciferase activity. Subsequently, the relative luciferase activity
of control group was normalized to 1 and was compared with
the treatment group.

Cell proliferation assay. The proliferation of A549 cells
was measured using a Cell Counting kit-8 (CCK-8;
Dojindo Molecular Technologies, Inc., Kumamoto, Japan).
Subsequently, 10 ul CCK-8 solution was added into each well
and sustained for 2 h. Immediately following, and 24, 48, 72
and 96 h after the incubation, the medium containing CCK-8
was transferred into a clean 96-well plate and the absorbance
at 450 nm of each well was detected with a microplate reader
(Bio-Rad Laboratories, Inc.).

Wound-healing assay. The cell migration ability was measured
using a wound-healing assay. Briefly, 2x10° cells were plated
in a 6-well plate and cultured until reaching 100% confluence.
A wound was made by scratching the middle area of each well
using a 10-ul pipette. After washing with PBS, DMEM without
FBS was added into each well and images of the wound areas

P<0.001 vs. normal tissues. miR, miroRNA; SIRT], sirtuinl; NSCLC, non-small cell lung carcinoma.

were captured immediately using an inverted microscope
at a magnification of x40. After the cells were cultured for
40 h, images of wound areas were captured again. The rela-
tive migrated areas were calculated using Image Pro-Plus
version 6.0 (Media Cybernetics, Inc., Rockville, MD, USA).

Statistical analysis. All data in the present study were analyzed
using GraphPad Prism 7.0 (GraphPad Software, Inc., La Jolla,
CA, USA) and the results are expressed as the mean + standard
deviation. Statistical analysis between two groups was
performed using Student's t-test, and the differences between
normal tissues and tumor tissues were analyzed by paired
Student's t-test. The differences among three different groups
were analyzed using one-way analysis of variance followed
by Tukey's analysis. The correlation analysis was carried out
using Pearson Correlation analysis. P<0.05 was considered to
indicate statistically significant differences.

Results

Expression levels of miR-448 and SIRTI in tumor tissues and
normal tissues from patients with NSCLC. To determine the
expression levels of miR-448 and SIRT1 in NSCLC, tumor
tissues and matched normal tissues from 25 patients with
NSCLC were used for RT-qPCR. Compared with the normal
tissues, the expression of miR-448 was significantly lower,
while the SIRT1 mRNA levels were significantly higher
in tumor tissues (Fig. 1A and B). Their different expression
pattern suggested a potential association between the two.
Pearson's correlation analysis of miR-448 levels and SIRT1



1910

A .

o
E 2
g
i
o
E
2 = —r—
I
[+}]
[

0 T

miR-NC mimics miR-448 mimics
miR-NC mimics
C
0Oh
40h ¢

QI et al: miR-448 REGULATES TUMOR PROGRESSION OF NON-SMALL CELL LUNG CANCER

B . —e— miR-NC mimics

-m= MiR-448 mimics
E
c
o
[Te]
=
©
@O
S
@«
F=}
S
w
f=l
<

0.0 T T T T 1
0 20 40 60 80 100
Time (h)

16 =

1.0 =

0.5+

Relative migration areas
*

0.0 T
miR-NC mimics

miR-448 mimics

Figure 2. Overexpression of miR-448 inhibited the proliferation and migration of A549 cells. (A) Transfection of miR-448 mimics increased miR-448 expres-
sion in A549 cells. (B) Overexpression of miR-448 induced growth arrest in A549 cells. (C) Overexpression of miR-448 inhibited the migration of A549
cells. Representative images of migration were obtained under an inverted microscope (magnification, x40). (D) Quantification of wound closure differences.
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P<0.001 vs. miR-NC mimics. miR, miroRNA; NC, negative control.

mRNA levels revealed a strong negative correlation between
their expressions in NSCLC tumor tissues (Fig. 1C), suggesting
a potential regulatory association between them.

Overexpression of miR-448 suppressed the proliferation and
migration of A549 cells. To investigate the role of miR-448
in NSCLC cells, the A549 NSCLC cell line was used to
perform the associated functional studies and experiments.
Transfection of miR-448 mimics markedly elevated the
miR-448 level in A549 cells (Fig. 2A). Overexpression of
miR-448 significantly reduced cell viability and wound
healing, indicating its role in the inhibition of cell prolifera-
tion and cell migration (Fig. 2B-D).

miR-448 repressed EMT through downregulation of SIRTI. The
negative correlation between miR-448 and SIRT1 mRNA levels
indicated a regulatory association between miR-448 and SIRT1.
Consistent with the correlation analysis, enhanced expression of
miR-448 significantly decreased SIRT1 mRNA level in A549
cells (Fig. 3A). Additionally, the protein level of SIRT1 was also
reduced with miR-448 overexpression (Fig. 3B and C). SIRT1
was previously reported to promote NSCLC cell proliferation
and metastasis via inducing EMT (25). Increase of miR-448
levels downregulated vimentin and upregulated E-cadherin
expression at both the mRNA and protein levels in A549 cells
(Fig. 3D-F), suggesting that miR-448 may inhibit EMT through
repression of SIRT1 expression.

SIRTI is a direct target of miR-448. It is observed that there
was an miR-448 binding site in the 3'UTR of SIRT1 mRNA
(Fig. 4A). Subsequently, the dual luciferase reporter assay
was performed to validate their association. Transfection of
miR-448 mimics significantly decreased relative luciferase
activity in A549 cells transfected with SIRT1-3'UTR-WT,
but not SIRTI-3'UTR-Mut, suggesting that miR-448 can
bind to SIRT1-3'UTR-WT (Fig. 4B). Therefore, these results
confirmed that miR-448 directly binds to the 3'UTR of SIRT1
mRNA to inhibit its expression in A549 cells.

Elevation of SIRTI partially rescued miR-448 mimics-induced
cell growth arrest. Resveratrol treatment was previously
demonstrated to induce SIRT1 expression and promote cell
proliferation in A549 cells (26). In the present study, it was
observed that treatment with resveratrol was able to partially
recover SIRT1 expression, which was downregulated by
miR-448 overexpression (Fig. SA and B). Notably, resvera-
trol partially reversed the cell growth inhibition induced by
miR-448 mimics in A549 cells (Fig. 5C). These data indicated
that miR-448 mainly relies on regulation of SIRT1 to suppress
NSCLC progression.

Discussion

Aberrant expression of miRNA is frequent in cancer cells.
The dysregulation and tumor suppressor role of miR-448 has
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Figure 4. SIRT1 was revealed to be a target gene of miR-448. (A) Sequence
alignment revealed that there was a complementary binding site for miR-448
on the 3' untranslated region of SIRT1 mRNA. (B) Transfection of miR-448
mimics reduced relative luciferase activity in A549 cells transfected with
SIRT1 3'UTR-WT. “P<0.01 vs. miR-NC mimics. miR, miroRNA; SIRT1,
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been reported in various types of cancer (14-16). However, the
role of miR-448 in NSCLC remains controversial. A previous
study reported that miR-448 levels were significantly higher
in plasma samples from patients with NSCLC compared
with those from healthy volunteers, and that it may serve as a
potential biomarker (27). Another recent study demonstrated
that miR-448 was decreased in lung SCC tissues and cell
lines (17). In the present study, it was observed that miR-448
was able to suppress the progression of NSCLC through
targeting SIRTI.

A previous meta-analysis revealed that high expres-
sion of SIRT1 predicted poor overall survival for patients
with NSCLC (23). Several miRNAs were reported to
repress SIRT1 expression, thereby controlling cancer cell
behavior (28,29). Particularly, miR-138 was demonstrated to
suppress NSCLC cell growth, metastasis and autophagy via
targeting SIRT1 (24). Although a previous study investigated
miR-448 and SIRTI in patients with diabetes mellitus (30),
their role in cancer cells, particularly NSCLC cells, remains
unknown. In clinical samples, the expression of SIRT1
was higher in tumor tissues and its levels were inversely
correlated with miR-448 levels. In A549 cells, enhanced
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expression of miR-448 decreased SIRT1 mRNA and protein
levels. In addition, the present dual luciferase reporter
assay further supported that miR-448 could directly bind
to the SIRT1 3'UTR in A549 cells. miR-448 can also bind
to multiple target gene mRNAs such as EPHA7 and IGFIR
in cancer cells (16,31). It was observed that activation of
SIRTI could reverse miR-448-induced cell growth inhibi-
tion. These results collectively demonstrated that miR-448
mainly relies on the regulation of SIRT1 to repress NSCLC
progression.

Accumulating evidence has demonstrated that SIRT1 is an
inducer of EMT and promotes cancer progression (32,33). In
the present study, the expression of E-cadherin was increased
while that of vimentin was decreased in A549 cells transfected
with miR-448 mimics, suggesting that miR-448 reverses
EMT by repressing SIRT1 expression. These findings were
consistent with those of previous studies on breast cancer and
hepatocellular carcinoma cells, demonstrating that miR-448
inhibits EMT (15,34). As EMT is an indicator of highly
aggressive growth of cancer cells (35), miR-448 may inhibit
NSCLC progression via reversing EMT. Taken together,
the present findings demonstrated that miR-448 might be a
promising target for the treatment of NSCLC.
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