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microRNA-361 targets Wilms' tumor 1 to inhibit the growth,
migration and invasion of non-small-cell lung cancer cells
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Abstract. The expression and functions of microRNA-361
(miR-361) have been studied in various human cancers. However,
its expression and role in non-small-cell lung cancer (NSCLC)
remains unclear. In the present study, the expression levels of
miR-361 in NSCLC tissues and cell lines were determined using
reverse transcription-quantitative polymerase chain reaction
(RT-qPCR). In addition, the effect of miR-361 on the proliferation,
migration and invasion of NSCLC cells was assessed. Furthermore,
a dual-Luciferase reporter assay, RT-qPCR and western blotting
were performed to investigate whether miR-361 directly targeted
the 3' untranslated region of Wilms' tumor 1 (WT1). The results
of the present study revealed that miR-361 was downregulated in
NSCLC tissues and cell lines. Enforced expression of miR-361
suppressed the proliferation, migration and invasion of NSCLC
cells. WT1 was identified as a direct target gene of miR-361 in
NSCLC. Furthermore, knockdown of WT1 had similar effects
to miR-361 overexpression in NSCLC cells. The present study
provided novel insights into the molecular mechanism underlying
the rapid growth and metastasis of NSCLC, and identified the
association between miR-361 and WTT1 as a potential therapeutic
target for the treatment of NSCLC.

Introduction

Lung cancer is the leading cause of cancer-associated mortality
in men and women, and its incidence is increasing world-
wide (1,2). It was estimated that there would be 221,200 new
cases of lung cancer, and 158,040 patients would succumb
to the disease, in the USA in 2015 (3). Based on histology,
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lung cancer may be classified into small-cell lung cancer and
non-small-cell lung cancer (NSCLC) (4). NSCLC, which is
responsible for >85% of lung cancer cases, includes squamous
cell carcinoma, adenocarcinoma, bronchioloalveolar carcinoma
and large-cell carcinoma (5). Currently, the primary therapeutic
treatments for NSCLC are comprehensive, including surgical
resection, chemotherapy and radiotherapy (6). Despite advances
in treatment, the 5-year survival rate for NSCLC has remained
at 15-20%, with a median survival of 8-12 months (7). The
majority of NSCLC patients are diagnosed at a late or advanced
stage of the disease, when their tumors and metastatic lesions
have become intractable to current standard therapies (8). It
is therefore necessary to elucidate the underlying molecular
mechanisms that regulate NSCLC growth and metastasis, and
investigate novel therapeutic strategies for patients with NSCLC.

Numerous studies have demonstrated that microRNAs
(miRNAs) contribute to carcinogenesis, development and
metastasis in various human cancers (9-11). miRNAs are
non-coding, endogenous, single-stranded RNA molecules of
19-22 nucleotides in length (12). miRNAs negatively regulate
the expression of target messenger RNAs (mRNAs) through
binding to the 3' untranslated region (UTR) of target mRNAs in
a complementary base-pairing manner, resulting in translational
repression or mRNA degradation (13). miRNAs are involved in
a number of physiological and pathological processes, including
cell proliferation, differentiation, morphogenesis, cell cycle
progression, apoptosis, metastasis, and glucose and lipid metab-
olism (14-16). It is now well established that miRNAs may act as
oncogenes or tumor suppressors in the initiation and progression
of human cancers, depending on their target mRNAs (17,18).
These studies indicated that miRNAs are important regulators
of tumorigenesis and may be investigated as potential targeted
therapy for the treatment of cancers.

miR-361 has been studied in multiple human cancers.
However, the role of miR-361 in NSCLC is still unclear. The
objective of the present study was, therefore, to elucidate the
expression and biological roles of miR-361 in NSCLC, and to
investigate its underlying molecular mechanisms.

Materials and methods

Patients and clinical specimens. The present study was
approved by the Ethics Committee of Tianjin Baodi Hospital
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(Tianjin, China), and written informed consent was obtained
from all subjects. NSCLC tissue and matched normal adja-
cent tissue (NAT) samples were obtained from 34 NSCLC
patients who underwent surgery resection at Tianjin Hospital.
None of the patients received any therapeutic treatment prior
to participation in the present study. Tissues were immedi-
ately snap-frozen in liquid nitrogen and stored at -80°C until
analysis.

Cell culture and transfection. H23 and A549 human NSCLC
cell lines, BEAS-2B human non-tumorigenic bronchial epithe-
lial cells and HEK293T human embryonic kidney cells were
purchased from the Chinese Academy of Sciences (Shanghai,
China). BEAS-2B cells were maintained in LHC-9 medium
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA)
supplemented with 10% fetal bovine serum (FBS; Gibco;
Thermo Fisher Scientific, Inc.). H23, A549 and HEK293T
cells were cultured in RPMI-1640 medium (Gibco; Thermo
Fisher Scientific, Inc.) containing 10% FBS, 100 U/ml peni-
cillin (Gibco; Thermo Fisher Scientific, Inc.) and 100 mg/ml
streptomycin (Gibco; Thermo Fisher Scientific, Inc.). All cell
lines were incubated in a humidified 5% CO, cell incubator at
37°C.

miR-361 mimic, negative control (NC) and the lucif-
erase reporter plasmids, PGL3-WTI1-3'UTR wild-type (Wt)
and PGL3-WTI1-3'UTR mutant (Mut), were purchased
from GeneChem Co., Ltd. (Shanghai, China). WT1 small
interfering (si)RNA and control siRNA were obtained from
Guangzhou RiboBio Co., Ltd. (Guangzhou, China). Cell
transfection and cotransfection assays were performed using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol.

RNA isolation and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). Total RNA was extracted
from tissues and cells using TRIzol® reagent (Invitrogen;
Thermo Fisher Scientific, Inc.). RNA was reverse transcribed
using PrimeScript RT reagent kit (Takara Bio, Inc., Otsu,
Japan). qPCR was performed to detect mRNA expression
using SYBR® Premix Ex Taq (Takara Bio, Inc.), with actin
serving as an internal control. The cycling conditions for
qRCR were as follows: 95°C for 30 sec; 40 cycles of 95°C
for 5 sec and 60°C for 30 sec. TagMan® microRNA assay
(Applied Biosystems; Thermo Fisher Scientific, Inc.) was used
to measure miRNA expression, with U6 serving as an internal
control. The primer sequences used for gPCR were: miR-361,
forward 5'-GATTCTTTCTTGGGACTCGGAAGCT-3' and
reverse 5-GGGATAAGATGCTAATGAATGTGCT-3"; U6
snRNA, forward 5-CTCGCTTCGGCAGCACATATACT-3'
and reverse 5'-ACGCTTCACGAATTTGCGTGTC-3"; WT1,
forward 5'-GGGGTAAGGAGTTCAAGGCA-3' and reverse
5'"TGCAGCAAGAGGAAGTCCAG-3'; B-actin, forward
5'-CTCCATGGCCTCGCTGT-3" and reverse 5'-GCTGTC
ACCTTCACCGTTCC-3'". All reactions were performed in
triplicate. The relative expression levels were calculated using
the 224 method (19).

Cell proliferation assay. Cell proliferation was evaluated using
the MTT assay (Sigma-Aldrich; Merck Millipore, Darmstadt,
Germany). In brief, 3,000 cells were seeded into each well of
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a 96-well plate. Following overnight incubation, cells were
transfected with miR-361 mimic, NC miRNA, WT1 siRNA
or siRNA ctrl. At various time points following transfection,
MTT assays were conducted by adding 20 yl 5 mg/ml MTT
assay reagent into each well and incubating plates at 37°C for
4 h. The medium was carefully removed and 200 ul dimethyl
sulfoxide (Sigma-Aldrich; Merck Millipore) was added to
solubilize the formazan precipitates. Optical density was
measured at a wavelength of 490 nm using a spectrophotom-
eter. Each sample was analyzed in triplicate.

Transwell assay. Transwell assays were performed to analyze
cell migration and invasion abilities using transwell chambers
with a pore size of 8-ym (Corning Incorporated, Corning, NY,
USA). For invasion assays, transwell chambers were coated
with Matrigel (BD Biosciences, San Jose, CA, USA), according
to the manufacturer's instructions. Cells were harvested 48 h
following transfection and resuspended in culture medium
without FBS. Transfected cells (5x10%) in 200 pl serum-free
culture medium were seeded into the upper chamber of the
transwell, and 500 g1 culture medium supplemented with 20%
FBS was added into the lower chamber. Following a 24-h
incubation, membranes were stained with 0.5% crystal violet
(Beyotime Institute of Biotechnology, Nantong, China) for
20 min. Cells that had not migrated or invaded to the basal side
of the membranes were removed carefully with cotton wool.
The protocol of migration assays was the same with invasion
assay, but without Matrigel coating. The migration and invasion
abilities were evaluated by counting five fields per membrane
under an inverted microscope (Olympus Corporation, Tokyo,
Japan). Each assay was repeated three times.

Western blotting. Total protein was extracted from cells using
radioimmunoprecipitation assay buffer containing protease
inhibitors (Thermo Fisher Scientific, Inc.). Equal quantities of
proteins (20 ug per lane) were loaded onto 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis gels. Following
electrophoresis, proteins were transferred to polyvinylidene
difluoride membranes (EMD Millipore, Billerica, MA, USA).
Membranes were blocked with 5% non-fat milk powder in
phosphate-buffered saline with 0.05% Tween 20 (PBST) at
room temperature for 2 h and incubated with the primary anti-
bodies: Mouse anti-human monoclonal WT1 antibody (1:500;
catalog no. sc-7385; Santa Cruz Biotechnology, Inc., Dallas,
TX, USA) and mouse anti-human monoclonal actin antibody
(1:500; catalog no. sc-8432; Santa Cruz Biotechnology, Inc.).
Following incubation at 4°C overnight, the membranes were
washed three times with PBST, probed with goat anti-mouse
HRP-conjugated secondary antibody (1:2,000 dilution;
sc-2005; Santa Cruz Biotechnology, Inc.) at room temperature
for 1 h and developed with Enhanced Chemiluminescence
solution (Pierce Biotechnology, Inc., Rockford, IL, USA).
Actin served as an internal control. The protein intensities
were quantified using AlphaEase FC software (version 4.0.1;
ProteinSimple, San Jose, CA, USA).

Dual-Luciferase reporter assay. HEK293T cells were
seeded into 24-well plates at a density of 30-40% conflu-
ence. Cells were cotransfected with miR-361 mimic or NC
and PGL3-WT1-3'UTR Wt or PGL3-WTI1-3'UTR Mut using
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Lipofectamine 2000 when confluence reached 70-80%. At
48 h following transfection, firefly and renilla luciferase activi-
ties were measured using a Dual-Luciferase® Reporter Assay
system (Promega Corporation, Madison, WI, USA). Firefly
luciferase activity served as an internal control. Each sample
was analyzed in triplicate and the assay was repeated three
times.

Statistical analysis. Data are presented as mean + standard
deviation. All analyses were performed in SPSS software
version 17.0 (SPSS, Inc., Chicago, IL, USA) using Student's
t-test. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

miR-361 is downregulated in NSCLC. In the present study,
RT-qPCR was performed to measure the miR-361 expres-
sion levels in patients with NSCLC. miR-361 expression was
significantly downregulated in NSCLC tissues compared
with matched NATs (P=0.015; Fig. 1A and B). In addition,
the expression level of miR-361 was measured in NSCLC cell
lines. Similar to the expression pattern in NSCLC samples,
miR-361 expression levels were decreased in H23 and A549
NSCLC cell lines compared with the non-cancerous BEAS-2B
cell line (P=0.020 for H23 and P=0.004 for A549; Fig. 1C).

miR-361 is upregulated in NSCLC cells following transfection
with miR-361 mimics. To investigate the function of miR-361
in NSCLC, an miR-361 mimic or NC was transfected into
H23 and A549 cells. Following transfection, RT-qPCR was
performed to detect miR-361 expression. As presented in
Fig. 2, miR-361 was significantly upregulated in H23 and A549
cells following transfection with an miR-361 mimic (P<0.001
for H23 and P<0.001 for A549).

miR-361 suppresses proliferation of NSCLC cells. To inves-
tigate the effect of miR-361 in the regulation of NSCLC cell
growth, a proliferation assay was performed. Overexpression
of miR-361 inhibited the proliferation of H23 and A549 cells
compared with cells transfected with NC (P<0.05; Fig. 3).

miR-361 suppresses migration and invasion of NSCLC cells.
To investigate the potential effect of miR-361 on NSCLC
metastasis, Transwell assays were performed. As presented
in Fig. 4, miR-361 overexpression significantly suppressed
the migration (P=0.026 for H23 and P=0.022 for A549) and
invasion (P=0.028 for H23 and P=0.035 for A549) of H23 and
A549 cells compared with NC-transfected cells.

WTI is a target of miR-361 in vitro. The online bioinformatics
tools, TargetScan (www.targetscan.org/vert_71/) and miRanda
(www.microrna.org/microrna/home.do) were used to identify
the direct target of miR-361. Based on bioinformatic analysis,
239 potential targets were predicted. Among these putative
targets, WT1 was selected for further investigation as it was
upregulated and identified as an oncogene in lung cancer (20),
with the predicted 3'UTR binding site presented in Fig. SA.
Dual-Luciferase reporter assays were performed to deter-
mine whether miR-361 directly targeted the 3'UTR of WTI.
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Figure 1. Downregulation of miR-361 in NSCLC tissues and cell lines. The
expression level of miR-361 was assessed by reverse transcription-quantita-
tive polymerase chain reaction in NSCLC tissues and matched NATSs. This
data is presented as (A) matched pairs and (B) the mean + standard deviation.
miR-361 expression was significantly decreased in NSCLC tissues compared
with NATs. (C) miR-361 expression levels were decreased in the H23 and
A549 NSCLC cell lines compared with the non-tumorigenic BEAS-2B bron-
chial epithelial cell line."P<0.05 vs. NATs/BEAS-2B cells. miR, microRNA;
NSCLC, non-small-cell lung cancer; NATs, normal adjacent tissues.

miR-361 decreased PGL3-WTI1-3'UTR Wt luciferase activity
in HEK293T cells compared with NC (P=0.019; Fig. 5B), but
not PGL3-WTI-3'UTR Mut luciferase activity compared with
NC (P>0.05; Fig. 5B). These findings suggested that WT1 is a
direct target gene of miR-361.

miR-361 decreases WTI expression in NSCLC cells. To
further investigate whether WT1 was regulated by miR-361 in
NSCLC cells, RT-qPCR and western blotting were performed.
A total of 72 h following transfection, miR-361 overexpression
decreased WT1 mRNA expression levels in H23 and A549
cells compared with NC-transfected cells (P=0.017 for H23
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Figure 2. Overexpression of miR-361 in H23 and A549 cells. miR-361
expression levels were measured using reverse transcription-quantitative
polymerase chain reaction 48 h following transfection of H23 and A549
cells with an miR-361 mimic or NC. Transfection with an miR-361 mimic
increased the miR-361 expression levels in H23 and A549 cells compared
with NC-transfected controls. ‘P<0.05 vs. NC. miR, microRNA; NC, negative
control.
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Figure 3. miR-361 suppresses proliferation of H23 and A549 cells. An
MTT assay was performed to assess the effect of miR-361 overexpression
on NSCLC cell growth. H23 and A549 cells transfected with an miR-361
mimic proliferated less than cells transfected with NC. "P<0.05 vs. NC. miR,
microRNA; NSCLC, non-small-cell lung cancer; NC, negative control.

and P=0.031 for A549; Fig. 6A). Western blotting revealed
that WT1 protein expression levels were downregulated by
miR-361 overexpression in H23 and A549 cells, compared
with NC-transfected controls (P=0.012 for H23 and P=0.026
for A549; Fig. 6B).

Knockdown of WTI has similar effects to miR-361 overex-
pression in NSCLC cells. To investigate the functional effects
of WTI1 in NSCLC, WTI1 or control siRNA was transfected
into H23 and A549 cells. Following transfection, western blot-
ting was performed to detect WT1 expression. As presented
in Fig. 7A, WT1 was significantly downregulated in WT1
siRNA-transfected H23 and A549 cells compared with cells
transfected with control siRNA (P=0.034 for H23 and P=0.018
for A549).

Proliferation assays and Transwell assays revealed that
knockdown of WTI significantly suppressed the growth
(P=0.015 for H23 and P=0.010 for A549; Fig. 7B), migration
(P=0.039 for H23 and P=0.024 for A549; Fig. 7C) and inva-
sion (P=0.019 for H23 and P=0.023 for A549; Fig. 7C) of H23
and A549 cells (P<0.05). These findings demonstrated that the
effects of WT1 siRNA were similar to the effects exerted by
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Figure 4. miR-361 suppresses migration and invasion of H23 and A549
cells. Transwell assays were performed to measure the effects of miR-361
overexpression on NSCLC cell migration and invasion. H23 and A549 cells
transfected with miR-361 underwent decreased migration and invasion
compared with cells transfected with NC."P<0.05 vs. NC. miR, microRNA;
NSCLC, non-small-cell lung cancer; NC, negative control.
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Figure 5. WTI is a direct target of miR-361. (A) The potential miR-361
binding sequence in the WT1 3'UTR and the WT1 3'UTR sequence mutated
at the binding site. (B) A dual-Luciferase reporter assay demonstrated
that miR-361 overexpression decreased PGL3-WTI1-3'UTR Wt, but not
PGL3-WT1-3'UTR Mut, luciferase activity in HEK293T cells. "P<0.05 vs.
NC. miR, microRNA; WT1, Wilms' tumor 1; UTR, untranslated region; Wt,
wild-type; Mut, mutant; NC, negative control.

miR-361 in NSCLC cells, indicating that WT1 is a functional
target of miR-361 in NSCLC.

Discussion
Lung cancer is a malignant tumor that represents a serious

challenge to human health. NSCLC accounts for >85% of total
lung cancer cases and has a poor prognosis (5). Therefore, it
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Figure 6. miR-361 decreases WT1 expression in H23 and A549 cells.
(A) Reverse transcription-quantitative polymerase chain reaction was per-
formed 48 h following transfection to detect WT1 mRNA expression levels
in H23 and A549 cells. (B) Western blotting was performed 72 h following
transfection to measure WT1 protein expression levels in H23 and A549
cells. Overexpression of miR-361 decreased the mRNA and protein expres-
sion levels of WT1 in H23 and A549 cells. "P<0.05 vs. NC. miR, microRNA;
WTI, Wilms' tumor 1; NC, negative control.

is critical to understand the molecular mechanisms under-
lying NSCLC, and investigate novel therapeutic strategies
for the treatment of this disease. It has been well documented
that deregulated miRNA expression contributes to NSCLC
carcinogenesis and progression (21,22). Identification of
tumor-associated miRNAs and the determination of their roles
and target mRNAs is essential to develop novel therapeutic
targets using this strategy (17). In the present study, it was
demonstrated that miR-361 was downregulated in NSCLC
tissues and cell lines. However, in a few patients, miR-361
was upregulated, which may be due to the tissue specificity of
miR-361 expression. In addition, miR-361 significantly inhib-
ited the proliferation, migration and invasion of NSCLC cells.
Furthermore, WT1 was identified as a direct target of miR-361.
These results suggested that miR-361 may function as a tumor
suppressor in NSCLC and may be investigated as a potential
therapy for the treatment of NSCLC.

miR-361 is located on Xq21.2, in an intron between exons 9
and 10 of the choroideremia gene (23). miR-361 is downregu-
lated in numerous human cancers, including gastric cancer (24),
colorectal cancer (24), prostate cancer (25) and cutaneous
squamous cell carcinoma (23). In these cancers, miR-361 func-
tions as a tumor suppressor. For example, in colorectal cancer,
the expression level of miR-361 was negatively correlated
with lung metastasis and disease progression. Furthermore,
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Figure 7. Knockdown of WT1 has similar effects to miR-361 overexpres-
sion in H23 and A549 cells. (A) Western blotting performed 72 h following
transfection with WT1 or control siRNA revealed decreased WT1 protein
expression levels in H23 and A549 cells transfected with WT1 siRNA.
(B) Proliferation of H23 and A549 cells transfected with WT1 or control
siRNA was assessed using an MTT assay; cell growth was suppressed by
WTI knockdown. (C) Transwell assays were used to investigate the migra-
tion and invasion of H23 and A549 cells transfected with WT1 or control
siRNA; WT1 knockdown suppressed the migration and invasion of H23
and A549 cells compared with control siRNA-transfected cells. "P<0.05 vs.
siRNA ctrl. WT1, Wilms' tumor 1; miR, microRNA; siRNA, small inter-
fering RNA; ctrl, control.

Invasion

ectopic expression of miR-361 suppressed cell proliferation,
migration and invasion via staphylococcal nuclease domain
containing-1 (24). Liu er al (25) reported that miR-361
inhibited prostate cancer growth and enhanced apoptosis
in vitro and in vivo by directly targeting the signal transducer
and activator of transcription 6/B-cell lymphoma-extra large
signaling pathway. However, in cervical cancer, miR-361
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has been reported to be upregulated, acting as an oncogene.
Enforced miR-361 expression significantly increased cervical
cancer cell growth, migration and invasion through mediation
of epithelial-to-mesenchymal transition (26). These conflicting
findings indicated that the expression and functions of miR-361
in tumors are diverse and tissue-specific.

Identification of miR-361 target mRNAs is important for
understanding its role in NSCLC carcinogenesis and progres-
sion. In the present study, WT1 was identified as a direct target
of miR-361 in NSCLC. Bioinformatics analysis revealed that
WTI mRNA contained a miR-361 seven-nucleotide seed match
at positions 1,128-1,135 of the WT1 3'UTR. Dual-Luciferase
reporter assays confirmed that miR-361 directly targeted the
3'UTR of WTI. In addition, RT-qPCR and western blotting
demonstrated that miR-361 negatively regulated WT1 expres-
sion. Furthermore, knockdown of WT1 had similar effects to
miR-361 overexpression in NSCLC cells. These results veri-
fied that miR-361 directly targeted WT1 to decrease NSCLC
cell growth, migration and invasion. miR-361 may therefore be
investigated as a potential targeted therapy to inhibit the rapid
growth and metastasis of NSCLC.

WTI, located on chromosome 11p13, was first identified
in 1990 in the childhood kidney cancer Wilms' tumor (27).
It encodes a zinc-finger transcription factor consisting of
four zinc finger domains at the C terminus and a glutamine
and proline-rich domain at the N terminus (28,29). Previous
studies have revealed that WT1 is upregulated in a large
number of human cancers, including breast cancer, ovarian
cancer, glioblastoma and soft tissue sarcoma (30-33). In
functional studies, WT1 was demonstrated to be a tumor
suppressor, which is inactivated in Wilms' tumor (27).
However, studies have identified WT1 as an oncogene in
other human tumors (34-37). For example, in ovarian cancer,
high WT1 expression was correlated with the stage of the
disease, ascites production and metastasis. In addition, WT1
promoted ovarian cancer invasion (38,39). In breast cancer,
WTI expression level was associated with basal-like and
receptor tyrosine-protein kinase erbB-2 molecular subtypes
and poor prognosis (40). In addition, it was demonstrated
to enhance growth and inhibit apoptosis of breast cancer
cells (41,42). Furthermore, WT1 promoted migration, metas-
tasis and angiogenesis, and induced drug resistance of cancer
cells (43).

In NSCLC, WTI1 was upregulated in cancer specimens
compared with NATs (44). Functional studies revealed that
WT1 enhanced cell proliferation, invasion, cisplatin-resistance
and decreased apoptosis (44-47). The present study, in accor-
dance with previous findings, demonstrated that knockdown
of WT1 inhibited growth, migration and invasion of NSCLC
cells. These findings indicated that it may be beneficial to
investigate novel therapies targeting WT1. miR-361 may be
investigated as a potential therapy to target WT1 and therefore
inhibit the rapid growth and metastasis of NSCLC.

In conclusion, the results of the present study revealed that
miR-361 was downregulated in NSCLC tissues and cell lines.
Ectopic expression of miR-361 suppressed the proliferation,
migration and invasion of NSCLC cells via the direct targeting
of WTI. The present study provided novel insights into the
molecular mechanism underlying the rapid growth and
metastasis of NSCLC, and identified the association between
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miR-361 and WTI as a potential therapeutic target for the
treatment of NSCLC.
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