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Abstract

Non-small-cell lung cancer (NSCLC) is one of the leading causes of cancer death worldwide. Although recent advances in understanding the
pathogenic mechanism of NSCLC has led to the development of targeted treatments, these treatments are only applicable to a limited number of
patients. Therefore, the development of a novel therapeutic drug for NSCLC is urgently needed. Here, we focused on miR-301a and miR-301b,
belonging to the miR-130 family, because recently, it was reported that miR-130b functions as an oncomiR in NSCLC. The miR-301a and miR-301b
were significantly upregulated in NSCLC tissues compared to those in matched-pair adjacent normal lung tissues. Overexpression of miR-301a/b
promoted cell proliferation and miR-301b further promoted migration ability in NSCLC cells. Conversely, knockdown of miR-301a and miR-301b
significantly suppressed cell proliferation and migration. Moreover, transactivating domain-containing p63 (TAp63), a close relative of the p53
tumor suppressor, was a target gene of both miR-301a and miR-301b in NSCLC cells. These findings showed that miR-301a and miR-301b might

function as oncomiRs by targeting TAp63 in NSCLC.

Abbreviations: NSCLC: non-small-cell lung cancer; miRNA:
microRNA; 3’-UTR: 3’- untranslated region; oncomiR: oncogenic
miRNA; TAp63: transactivating domain-containing p63.

Introduction

Mortality rate due to lung cancer increases globally every year in
Japan and worldwide [1,2]. Lung cancer is histologically classified into
small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC),
and the latter accounts for approximately 85% of lung cancer cases.
NSCLC is further subdivided into four major histological subtypes:
adenocarcinoma, squamous cell carcinoma, large cell carcinoma, and
neuroendocrine cancer [3]. Chemotherapy and radiation therapy are
generically weakly effective against NSCLC; therefore, surgical removal
of cancerous tissue is still the best treatment, despite resulting in low
quality of life [4]. In recent years, molecular-targeted drugs, such as
gefitinib and erlotinib, have been developed for NSCLC treatment.
Although EGFR tyrosine kinase inhibitors have revolutionized the
treatment of EGFR-mutated NSCLC, most patients develop acquired
resistance via either secondary EGFR mutations or activation of EGFR-
independent pathways [5,6]. With five-year survival rate of only 15% for
NSCLC, the identification of novel therapeutic targets and development
of molecular-targeted drugs is urgently needed.

MicroRNAs (miRNAs) are 20-25 nucleotides long, noncoding
RNA molecules. They regulate gene expression through translational
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repression or mRNA degradation by binding with 3’-untranslated
regions (3’-UTR) of a target mRNA [7]. Around 30-60% of human
genes are regulated by miRNAs [8,9]; they modulate a variety of
cellular processes, such as proliferation, migration, invasion, apoptosis,
and angiogenesis [10]. There is no doubt that several miRNAs act as
oncogenic miRNAs (oncomiRs) in various cancers [11]. Some miRNAs
that share a conserved seed sequence are categorized into a single
family and those reported to function in development and progression
of cancer are referred to as oncomiRs [12]. Recently, several studies
have demonstrated the tumor promoting roles of members of miR-130
family (miR-130b, miR-301a, and miR-301b) [13-15]. For example,
miR-130b enhances stem cell-like phenotype in glioblastoma, and miR-
301a/b regulates cell proliferation, migration, invasion, and apoptosis
in some cancers [16-18]. We previously reported that miR-130 family
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plays a crucial role in the malignant progression of bladder cancer [19].
Recently, we and others have reported that miR-130b plays an important
role in the development and progression of NSCLC [20-22]. However,
expression and function of miR-301a and miR-301b in NSCLC remains
to be elucidated.

In this study, we elucidated the expression and functional roles
of miR-301a and miR-301b in NSCLC specimens and lung cancer
cell lines. Our results provided important insights into the molecular
pathogenesis of NSCLC and suggested that miR-301a/b may function
as oncomiRs in NSCLC.

Materials and methods

Clinical specimens

Specimens of NSCLC tissues and adjacent noncancerous tissues
were obtained from patients who had undergone primary curative
resection of lung tumor at Kagoshima University Hospital (Japan).
All enrolled patients were diagnosed by pathological examination and
staged by specialized oncologists via the 7th edition of the International
Association for the Study of Lung Cancer TNM Classification. A prior
written informed consent was obtained from all patients at Kagoshima
University Hospital, and the methods were carried out in accordance
with approved guidelines. Experiments on clinical specimens were
approved by the institutional review boards of Kagoshima University
Hospital and the Graduate School of Pharmaceutical Sciences, Osaka
University. Clinical and histopathological data related to the specimens
are presented in Table 1.

Quantitative real-time PCR

A miRNeasy Mini kit (Qiagen, MA, USA) was used to
isolate miRNA from NSCLC clinical specimens and cancer
cell lines. Complementary DNA synthesis was performed
using a miR-X miRNA First-Strand Synthesis kit (Takara, Shiga,
Japan). Thermal cycler conditions for qRT-PCR included an
initial denaturing at 98°C for 30 seconds, followed by 40 cycles of
95°C for 2 seconds and 63°C for 5 seconds, using the following
primers:  miR-301a, 5'-CAGTGCAATAGTATTGTCAAAGC-3}
miR-301b, 5-CAGTGCAATGATATTGTCAAAGC-3; and mRQ
3" primer (Clontech, Freemont, CA, USA). U6 snRNA-specific
primers (forward: 5-TACAAAATACGTGACGTAG-3, reverse:
5'-CTGTTGCTATTATGTCTAC-3'") were used as an internal control.

Cell culture

The human lung cancer cell lines A549 and NCI-H520 were
maintained in Dulbecco’s modified Eagle’s medium (DMEM; Wako,
Osaka, Japan) and RPMI 1640 (Wako), respectively, supplemented with
10% fetal bovine serum (FBS) and 100 mg/mL kanamycin, at 37°C in
presence of 5% CO,. A549 and NCI-H520 cells were purchased from
Riken cell bank (Tokyo, Japan) and ATCC (Manassas, VA, USA),
respectively.

Table 1. Clinical samples used for qRT-PCR analysis

Age Pathological tumor

stage

Median 71 Tl 36
Range 44-88 T2 11
T3 9

Gender Histological subtype
Male 34 Adenocarcinoma 41
Female 22 Squamous carcinoma 10
Others 5

Integr Mol Med, 2018 doi: 10.15761/IMM.1000347

Transfection of miRNA mimics

MiRIDIAN microRNA mimics hsa-miR-301a-3p (C-300657-03-
0005), hsa-miR-301b (C-301252-01-0005), and a negative control
(CN-001000-01-05) were purchased from GE Healthcare (Lafayette,
CO, USA). The mimics were transfected at concentrations of either 10
nmol/L or 50 nmol/L using Lipofectamine 3000 (Life Technologies,
Carlsbad, CA, USA), according to the manufacturer’s protocol.

Dual luciferase assay

A pmirGLO dual-luciferase vector was used for the 3'-UTR
luciferase reporter assay (Promega, Madison, WI, USA). NCI-H520
cells were co-transfected with a miRNA mimic and a reporter construct
containing miR-301a or miR-301b binding site in p63 3'-UTR region.
After 36 hours of transfection, dual-luciferase reporter assay was
performed according to the manufacturer’s protocol (Promega).
Luciferase activity was determined using a luminometer (Turner
Biosystems 20/20 luminometer; Promega).

Water-soluble tetrazolium salt-8 (WST-8) cell proliferation
assay

After 24 hours of transfection, A549 and NCI-H520 cells were
seeded in 96-well plates at 500 and 3000 cells/well, respectively. The cells
were incubated at 37°C in presence of 5% CO,, and cell proliferation
was examined using Cell Counting kit-8 (Dojin, Kumamoto, Japan) at
each time point. The optical density was read at 450/630 nm on a Model
680 Microplate Reader (Bio-Rad, Hercules, CA, USA).

Wound healing assay

After 24 hours of transfection, the cells were seeded at 1x10° cells/
well in 24-well plates and cultured to confluence for 24 hours. A wound
was created using a 1-mL pipette tip, and images were recorded 0 and
48 hours after wound creation using an Olympus IX71 fluorescence
microscope (Olympus, Tokyo, Japan).

Establishment of miR-301a or miR-301b stably knockdown
A549 cells

PX330 vectors (Add gene plasmid # 42230) targeting miR-301a and
miR-301b were constructed using the following short guide sequences.
miR-30la  forward:  5-CCTGCTTTCAGATGCTTTGACAA-3,
reverse: 5-GGACGAAAGTCTACGAAACTGTT-3'; miR-301b (301b-
1) forward 1: 5-AATGATATTGTCAAAGCATCTGG-3), reverse 1:
5-TTACTATAACAGTTTCGTAGACC-3; and miR-301b (301b-
2) forward 2: 5-TGGCCGCAGGTGCTCTGACGAGG-3', reverse
2: 5-ACCGGCGTCCACGAGACTGCTCC-3". PX330 and a vector
containing puromycin resistance gene were co-transfected using
Lipofectamine 3000 into A549 cells seeded at 3x10* cells/well in a 12-
well plate. After 24 hours of transfection, culture media were exchanged
with new media containing 1 mg/mL puromycin. Then the cells were
seeded in a 96-well plate (0.7 cells/well) for single clone isolation. The
obtained clones were subjected to miRNA purification and subsequent
gRT-PCR to confirm downregulated expressions of miR-301a and miR-
301b.

Western blot analysis

Whole cell lysates were separated by SDS-polyacrylamide gel
electrophoresis (PAGE) and transferred to a polyvinylidene difluoride
(PVDE: Millipore) membrane by using the semidry transfer system
(Bio-Rad, USA). The membranes were probed with specific antibodies,
as indicated, and then, incubated with horseradish peroxidase (HRP)-
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conjugated antibody against mouse or rabbit immunoglobulin (Santa
Cruz, USA), followed by detection using enhanced chemiluminescence
(ECL) Western blotting detection reagents (GE Healthcare, USA).
Image Quant LAS4000 mini system (GE Healthcare) was used as a
chemiluminescence detector. The following antibodies were used for
immunological analysis in this study: anti-TAp63 antibody (1:2000,
BioLegend, 618902) and anti-B-actin polyclonal antibody (1:50000,
Sigma-Aldrich, A5316). Densitometric analysis was performed using
NIH Image] software.

Statistical analysis

Results were expressed as the mean + S.D. Differences between
values were analyzed using a Student’s t-test, Mann-Whitney’s test, or
one-way ANOVA with Bonferroni post-hoc tests (GraphPad Prism
5.0, GraphPad Software, San Diego, CA, USA). A p-value < 0.05 was
considered statistically significant.

Results

Expressions of miR-301a and miR-301b were significantly
upregulated in NSCLC specimens

We first determined the expressions of miR-301a and miR-301b in
NSCLC specimens by qRT-PCR. As shown in Figure 1A, the expressions
of miR-301a and miR-301b were significantly upregulated in lung
cancer tissues compared to adjacent normal lung tissues in 56 matched-
pair NSCLC samples. The upregulated expressions of miR-301a and
miR-301b were not associated with the stage or the histological type of
NSCLC (Figures 1B &1C).

miR-301a and miR-301b exhibited tumor-promoting activity
in NSCLC cells

To examine the functions of miR-301a and miR-301b, we evaluated
their expression levels in HPLID, a human epithelial cell line derived
from normal peripheral lung and NSCLC cell lines. The expressions
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of miR-301a and miR-301b were found to be downregulated in
NCI-H520 cells and upregulated in A549 cells compared to their
expressions in HPL1D cells (Supplementary Figure 1). We could
confirm the activities of miR-301a/b mimics in NCI-H520 cells using
a dual-luciferase reporter assay (Figures 2A & 2B). Then, the effects
of the miR-30la and miR-301b mimics on cell proliferation and
migration were examined in NCI-H520 cells. Both miR-301a and miR-
301b mimics significantly enhanced the proliferation of NCI-H520
cells (Figure 2C). On the other hand, only miR-301b mimic enhanced
the migration capability of NCI-H520 cells (Figure 2D).

We next carried out loss-of-function experiments using A549 cells,
which expressed high levels of miR-301a and miR-301b compared to
HPLI1D cells. To establish miR-301a- or miR-301b-knockdown A549
cells, we transfected a pX330 vector, targeting miR-301a or miR-301b,
into A549 cells. The isolated clones were confirmed to exhibit reduced
expression of miR-30la or miR-301b compared to mock vector-
transfected A549 cells (Figure 3A). As shown in Figures 3B & 3C,
significant suppression of cell proliferation and migration abilities were
observed in both miR-301a- and miR-301b-knockdown cells compared
to mock vector-transfected A549 cells.

miR-301a and miR-301b target TAp63 in NSCLC cells

Finally, to identify a target gene of miR-30la and miR-301b in
NSCLC cells, we utilized target prediction programs (miRwalk and
TargetScan 7.2) and found that TAp63, a protein isoform of the p63
tumor-suppressor gene, acts as a candidate target gene of miR-301a
and miR-301b. To confirm whether TAp63 is a target gene of miR-
301a and miR-301b, we transfected a luciferase reporter vector, with
a sequence containing the predicted miR-301la/b-binding site (p63
WT) or mutated miR-301a/b-binding site (p63 Mut) within the human
p63 3-UTR, in the NCI-H520 cells (Figure 4A). As shown in Figure
4B, decreased luciferase activity was detected after the transfection of
the vector with p63 WT 3'-UTR compared to that of control vector
in miR-301a or miR-301b mimic-transfected NCI-H520 cells. On the
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Figure 1. miR-301a/b significantly upregulated in NSCLC specimens

miR-301a/b expression levels were measured by qRT-PCR. Data are represented as relative expression normalized to U6 snRNA. miR-301a/b expressions were compared between normal
and tumor tissues (A), among different tumor stages (B), and histological types (C) of NSCLC. Data are presented as mean + S.D. *p < 0.05, **p <0.01, ***p < 0.001 for Mann-Whitney’s
test (A) and one-way analysis of variance (followed by post-hoc Bonferroni multiple comparison test) (B—C)
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Figure 2. miR-301a/b promoted cell proliferation and migration

miR-301a (A) and miR-301b (B) reporter vectors containing perfectly matched target sites of miR-301a and miR-301b, respectively, were transfected with 10 nM miRNA mimics or a
negative control (NC) into NCI-H520 cells. Dual-luciferase reporter assay was performed in the NCI-H520 cells. (C) NCI-H520 cells transfected with miR-301a or miR-301b mimics (50
nM) for 24 h were reseeded in a 96-well plate, incubated for the indicated times and examined by WST-8 assay. (D) NCI-H520 cells transfected with the miR-301a or miR-301b mimics (50
nM) for 24 h were reseeded in a 24-well plate. Relative cell migration was measured 48 h after scratch wound was formed in the cell layer. Data are presented as mean + S.D. #p < 0.05, ##p
<0.01, ###p < 0.001, *p < 0.05, **p < 0.01, ***p < 0.001 vs. NC for one-way analysis of variance followed by post-hoc Bonferroni multiple comparison test (A-D)
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Figure 3. Downregulation of cell proliferation and migration in miR-301a and miR-301b knockdown-A549 cells

(A) miR-301a and miR-301b expressions were quantified by qRT-PCR. (B) Cell proliferation was examined by WST-8 assay. (C) Relative cell migration was measured 48 h after scratch
wound was formed in the cell layer. Data are presented as mean + S.D. of two (A) or three independent (B-C) experiments. ##p < 0.01, *p < 0.05, **p < 0.01, ***p <0.001 vs. mock cells
for one-way analysis of variance followed by post-hoc Bonferroni multiple comparison test (B-C)

other hand, miR-301a or miR-301b mimics had no significant effect
on luciferase activity of p63 Mut 3'-UTR-transfected NCI-H520 cells
(Figure 4B). Moreover, western blot analysis showed decreased TAp63
protein levels in miR-301a/b mimics-transfected NCI-H520 cells
(Figure 4C), indicating that TAp63 is a target gene of both miR-301a
and miR-301b in NSCLC cells.
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To examine the relationship between miR-301a/b and TAp63
protein expression in NSCLC specimens, western blot analysis was
performed on NSCLC samples classified into a low or high miR-301a/b
expression groups (five samples each group). NSCLC samples with high
levels of miR-301a/b expression had significantly lower TAp63 protein
expression and vice versa (Figures 4D-4E).

Volume 5(6): 4-6



Hirono T (2018) MiR-301a/b function as oncomiRs in non-small-cell lung cancer

A B
159 Kk
5 [ ORForpeal 3-UTR of p63 -3 o —_—
X et T ) © |&|
. © J
pr;',"ST"é)v'g";or 5' UGAAAGAAAAUUGAGUUGCACUU 3' P63 WT 58 0
B 5' UGAAACUAUUAUGAGAACGUCAL 3' p63 Mut 22
3' CGAAACUGUUAUGAUAACGUGACS' miR-301a @ 9
3 CGAAACUGUUAUAGUAACGUGAC 5’ miR-301b 5 0.51
| @
5| Luciferase ¥ [
0.0
mimic {50 nM} NC 301a NC 301a 301b
PmirGLO vector
50 o P63 WT P63 Mut
C NCI-H520
. D
MiMic  — o D18
(sonM) NC 301a 301b 2 1 EB miR-301a B ]
S _ 10 by
rapss [ ] I :
2.9
-actin
B 55
23 2
E * 5 1
10y F— &
0 b= ey ) | s b = L
£ specimens Normal 1 2 3 4 5 6 7 8 9 10
3] . average
P
=5 . TAp63
& ;
=8
'S - B-acrm _
-
. —.
f} E— . b
miR3A01atb  |ow high m|R-301_a/ low high
exprassion expression
NSCLC

Figure 4. miR-301a and miR-301b target TAp63

(A) The schematic construction of luciferase vector with predicted miR-301a/b-binding sites (p63 WT) and the mutated miR-301a/b-binding sites (p63 Mut) from 3'-UTR of human p63
gene. (B) NCI-H520 cells were co-transfected with a luciferase reporter construct described in (A), along with a miR-301a or miR-301b mimic (50 nM), or the negative control (NC). Values
are presented as mean + S.D. of three independent experiments. **p < 0.01, ***p < 0.001 vs. NC by one-way analysis of variance followed by post-hoc Bonferroni multiple comparison
test. (C) miR-301a/b-transfected NCI-H520 cells were subjected to western blot analysis with anti-TAp63 antibody. Representative results of three independent experiments are shown. (D)
Taking available amounts of tumor used in Figure 1 into account, five samples of NSCLC tissues with high and five with low miR-301a/b expression were selected. The expression levels of
TAp63 and B-actin in the tumor lysates were examined by western blot analysis using their respective antibodies. (E) Densitometric analysis of the western blot was performed using NIH
ImagelJ and the results were shown as TAp63/B-actin ratio. *p < 0.05, **p <0.01, ***p <0.001 for Student’s t-test

Discussion

In this study, we showed, for the first time, that miR-301a and miR-
301b are overexpressed in NSCLC samples, and function as oncomiRs
in NSCLC cells. TAp63, which is a tumor suppressor, was a target gene
of miR-301a/b in NSCLC cells. Moreover, expression levels of TAp63
protein were significantly low in NSCLC specimens exhibiting high
miR-301a/b expression and vice versa, suggesting that miR-301a/b
might function as oncomiRs by targeting TAp63 in NSCLC.

p63 is a close relative of the p53 tumor suppressor protein. p63
gene produces two different protein isoforms: TAp63 that contains a
transactivation domain in the N-terminus and functions as tumor
suppressor and ANp63 that has truncation in the N-terminus and
functions as tumor promoter [23,24]. TAp63 activates transcription
of several tumor suppressor genes, which, in turn, downregulates cell
migration and invasion [25]. Conversely, ANp63 acts as an antagonist
for TAp63 and p53, which, in turn, inhibits apoptosis [26]. In NSCLC
specimens, TAp63 has been previously reported to be downregulated
and act as tumor suppressor [27,28]. On the other hand, Lo et al.
reported that upregulated ANp63:TAp63 expression ratio, rather than
single isoform overexpression, showed an association with poor patient
outcome in NSCLC [29]. Overexpressed miR-301a and miR-301b
might upregulate the ANp63:TAp63 expression ratio by downregulating
TAp63 expression in NSCLC.
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More target gene candidates of miR-30la/b was obtained
by miRNA target prediction algorithm databases (miRwalk and
TargetScan 7.2), and then, analyzed using the Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway database (Supplementary Figure
2). Interestingly, Rapl signaling pathway, Ras signaling pathway, and
MAPK signaling pathway were enriched with potential target genes
of the miR-301a and miR-301b. It is well known that Rapl and Ras
promote cell proliferation and migration by activating MAPK signaling
pathway [30,31]. Our preliminary data also showed that miR-301a and
miR-301b mimics increased p-ERK levels but not total-ERK levels in
NCI-H520 cells (Supplementary Figure 3). These findings suggested
that miR-301a/b might promote cell proliferation by activating MAPK
signaling in NSCLC cells.

Rapl and Ras are “off” in GDP bound state and transduce an “on”
signal in GTP bound state. According to miRNA target prediction
algorithm databases, Gia, a subunit protein constituting a complex with
G-protein-coupled receptor (GPCR), was also a candidate target gene
of miR-301a and miR-301b. The Gia subunit activates Rapl GTPase-
activating proteins (RaplGAPs) and Ras GTPase-activating proteins
(RasGAPs), which, in turn, suppress Rapl and Ras signaling pathway,
respectively [32, 33]. Interestingly, candidate target genes of miR-
301a and miR-301b were also found among RaplGAPs (E6TPI) and
among RasGAPs (RASAI, RASA2, RASA3, RASA4, RASALI, RASAL2,
and RASAL3). Therefore, miR-301a and miR-301b might constantly
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activate Rap1 or Ras signaling pathway by downregulating Gia subunit
and its downstream targets RaplGAPs and RasGAPs in NSCLC cells.

There have been several reports showing that miR-130b functions
as oncomiR in several cancers [34,35]. Jianwei et al. reported that miR-
130b is highly expressed in lung cancer and exhibits an anti-apoptotic
effect, suggesting that miR-130b also functions as an oncomiR similar to
miR-301a or miR-301b [21]. Taken together, miR-130 family functions
as an oncomiR family not only in bladder cancer, but also in NSCLC.
We previously reported that miR-130 family-targeted locked-nucleic
acid (LNA) significantly inhibits the in vitro and in vivo proliferation
of bladder tumor cells, which also overexpress the miR-130 family [36].
Our present study showed that the miR-130 family members function
as oncomiRs in NSCLC, suggesting that a nucleic acid drug targeting
miR-130 family might act as a promising therapeutic drug against
NSCLC.
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